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METHOD AND COMPOSITIONS FOR REGULATED ARMORING OF CELLS 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Provisional Application Nos: 62/947,427 

filed December 12, 2019 and 63/116,103 filed November 19, 2020, each of which is hereby 

incorporated in its entirety by reference for all purposes. 

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, 20XXFebruary 3, 2021, is named STB-

018WO_SLXXXXXUS_sequencelisting.txt, and is 191,375X,XXX,XXX bytes in size. 

BACKGROUND  

[0003] Tumors employ a range of direct and indirect suppression strategies to avoid 

recognition and clearance by the immune system. These escape strategies can effectively shut 

down cell therapies. Combinatorial armoring, expression of combinations of effectors, can 

impact the entire cancer immunity cycle and boost the activity of cell therapies as unarmored 

therapies have poor efficacy in solid tumors. However, current cell and gene therapy products 

have no control. Uncontrolled armored therapies can have toxicity in subjects. Thus, 

additional methods of controlling and regulating the expression of combinations of effector 

molecules are required.  

SUMMARY 

[0004] In one aspect, the present disclosure provides an engineered expression system 

comprising: (a) a first expression cassette comprising a first promoter and a first exogenous 

polynucleotide sequence encoding an activation-conditional control polypeptide (ACP), 

wherein the first promoter is operably linked to the first exogenous polynucleotide; and (b) a 

second expression cassette comprising an ACP-responsive promoter and a second exogenous 

polynucleotide sequence having the formula: (L – E)x wherein E comprises a polynucleotide 

sequence encoding an effector molecule, L comprises a linker polynucleotide sequence, X = 

1 to 20, wherein the ACP-responsive promoter is operably linked to the second exogenous 

polynucleotide, wherein for the first iteration of the (L – E) unit, L is absent, and wherein the 

ACP is capable of inducing expression of the second expression cassette by binding to the 

ACP-responsive promoter, optionally wherein when the second expression cassette comprises 

two or more units of (L – E)X, each linker polynucleotide sequence is operably associated 
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with the translation of each effector molecule as a separate polypeptide, optionally wherein 

the second expression cassette comprising one or more units of (L – E)X further comprises a 

polynucleotide sequence encoding a secretion signal peptide for each X, optionally wherein 

for each X the corresponding secretion signal peptide is operably associated with the effector 

molecule, optionally wherein each secretion signal peptide comprises a native secretion 

signal peptide native to the corresponding effector molecule, optionally wherein each 

secretion signal peptide comprises a non-native secretion signal peptide that is non-native to 

the corresponding effector molecule, optionally wherein each secretion signal peptide 

comprises a non-native secretion signal peptide that is non-native to the corresponding 

effector molecule and optionally wherein the non-native secretion signal peptide is a 

secretion signal peptide of a molecule selected from the group consisting of: IL12, IL2, 

optimized IL2, trypsiongen-2, Gaussia luciferase, CD5, CD8, human IgKVII, murine IgKVII, 

VSV-G, prolactin, serum albumin preprotein, azurocidin preprotein, osteonectin, CD33, IL6, 

IL8, CCL2, TIMP2, VEGFB, osteoprotegerin, serpin E1, GROalpha, GM-CSFR, GM-CSF, 

and CXCL12, and optionally wherein the first expression cassette is comprised within a first 

nucleic acid and the second expression cassette is comprised within a second nucleic acid, or 

wherein the first expression cassette and the second expression cassette are comprised within 

a single nucleic acid.  

[0004a] In another aspect, the present disclosure provides one or more expression vectors 

comprising the first expression cassette, the second expression cassette, and/or the additional 

expression cassette if present of any one of the engineered expression systems as described 

herein, and optionally wherein (a) a first vector comprises the first expression cassette and the 

additional expression cassette if present, and a second vector comprises the second 

expression cassette, (b) a first vector comprises the first expression cassette, and a second 

vector comprises the second expression cassette and the the additional expression cassette if 

present, (c) a first vector comprises the first expression cassette and the second expression 

cassette, and a second vector comprises the additional expression cassette if present, or (d) a 

vector comprises the first expression cassette, the second expression cassette, and the 

additional expression cassette if present. 

[0004b] In another aspect, the present disclosure provides an isolated cell comprising the 

engineered expression system as described herein or the one or more expression vectors as 

described herein, optionally wherein the engineered expression system is recombinantly 

expressed, optionally wherein the engineered expression system is expressed from a one or 

more vectors or one or more selected loci from the genome of the cell, optionally wherein the 
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cell is selected from the group consisting of: a T cell, a CD8+ T cell, a CD4+ T cell, a 

gamma-delta T cell, a cytotoxic T lymphocyte (CTL), a regulatory T cell, a viral-specific T 

cell, a Natural Killer T (NKT) cell, a Natural Killer (NK) cell, a B cell, a tumor-infiltrating 

lymphocyte (TIL), an innate lymphoid cell, a mast cell, an eosinophil, a basophil, a 

neutrophil, a myeloid cell, a macrophage, a monocyte, a dendritic cell, an erythrocyte, a 

platelet cell, a human embryonic stem cell (ESC), an ESC-derived cell, a pluripotent stem 

cell, a mesenchymal stromal cell (MSC), an induced pluripotent stem cell (iPSC), and an 

iPSC-derived cell, and optionally wherein the cell is autologous or the cell is allogeneic. 

[0004c] In another aspect, the present disclosure provides a pharmaceutical composition 

comprising the engineered expression system as described herein, the one or more expression 

vectors as described herein, or the isolated cell as described herein, and a pharmaceutically 

acceptable carrier, pharmaceutically acceptable excipient, or a combination thereof. 

[0004d] In another aspect, the present disclosure provides a use of the isolated cell as 

described herein or the composition as described herein in the manufacture of a medicament 

for stimulating a cell-mediated immune response to a tumor cell in a subject. In another 

aspect, the present disclosure provides a use of the isolated cell as described herein or the 

composition as described herein in the manufacture of a medicament for providing an anti-

tumor immunity in a subject. In another aspect, the present disclosure provides a use of a 

composition comprising the isolated cell as described herein or the composition as described 

herein in the manufacture of a medicament for reducing tumor volume in a subject. 

[0004e] In another aspect, the present disclosure provides a kit comprising the isolated cell 

as described herein or the pharmaceutical composition as described herein, optionally 

wherein the kit further comprises written instructions for using the cell or composition for 

treating and/or preventing cancer in a subject.  

[0004f] In one aspectexample, provided herein are engineered nucleic acids comprising: a 

first expression cassette comprising a first promoter and a first exogenous polynucleotide 

sequence encoding an activation-conditional control polypeptide (ACP), wherein the first 

promoter is operably linked to the first exogenous polynucleotide; and a second expression 

cassette comprising an ACP-responsive promoter and a second exogenous polynucleotide 

sequence having the formula: (L – E)X wherein E comprises a polynucleotide sequence 

encoding an effector molecule, L comprises a linker polynucleotide sequence, X = 1 to 20, 

wherein the ACP-responsive promoter is operably linked to the second exogenous 

polynucleotide, wherein for the first iteration of the (L – E) unit, L is absent, and wherein the 
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ACP is capable of inducing expression of the second expression cassette by binding to the 

ACP-responsive promoter. 

[0005] In another aspectexample, provided herein are engineered expression systems 

comprising: (a) a first expression cassette comprising a first promoter and a first exogenous 

polynucleotide sequence encoding an activation-conditional control polypeptide (ACP), 

wherein the first promoter is operably linked to the first exogenous polynucleotide; and (b) a 

second expression cassette comprising an ACP-responsive promoter and a second exogenous 

polynucleotide sequence having the formula: (L – E)X wherein E comprises a polynucleotide 

sequence encoding an effector molecule, L comprises a linker polynucleotide sequence, X = 

1 to 20, wherein the ACP-responsive promoter is operably linked to the second exogenous 

polynucleotide, wherein for the first iteration of the (L – E) unit, L is absent, and wherein the 

ACP is capable of inducing expression of the second expression cassette by binding to the 

ACP-responsive promoter. . In some embodimentexamples, the first expression cassette and 

the second expression cassette are encoded by separate polynucleotide sequences. In some 

embodimentexamples, the first expression cassette and the second expression cassette are 

encoded by the same polynucleotide sequence. In some embodimentexamples, the first 

expression cassette and/or the second expression cassette further comprises an additional 

exogenous polynucleotide sequence encoding an antigen recognizing receptor. In some 

embodimentexamples, the first expression cassette further comprises an additional exogenous 

polynucleotide sequence encoding an antigen recognizing receptor. In some 

embodimentexamples, the second expression cassette further comprises an additional 

exogenous polynucleotide sequence encoding an antigen recognizing receptor. In some 

embodimentexamples, the engineered expression system further comprises an additional 

expression cassette including an additional promoter and an additional exogenous 

polynucleotide sequence encoding an antigen recognizing receptor, wherein the additional 

promoter is operably linked to the additional exogenous polynucleotide. In some 

embodimentexamples, the additional exogenous polynucleotide sequence is encoded by the 

same polynucleotide as the first expression cassette or the second expression cassette. In 

some embodimentexamples, the additional exogenous polynucleotide sequence is encoded by 

the same polynucleotide as the first expression cassette. In some embodimentexamples, the 

additional exogenous polynucleotide sequence is encoded by the same polynucleotide as the 

second expression cassette. In some embodimentexamples, a first vector comprises the first 

expression cassette and the additional expression cassette if present, and a second vector 

comprises the second expression cassette. In some embodimentexamples, a first vector 
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comprises the first expression cassette, and a second vector comprises the second expression 

cassette and the the additional expression cassette if present. In some embodimentexamples, a 

first vector comprises the first expression cassette and the second expression cassette, and a 

second vector comprises the additional expression cassette if present. In some 

embodimentexamples, the engineered expression system comprises any of the 

aspectexamples, features, or embodimentexamples of the engineered nucleic acids described 

herein, including, but not limited to, any of the aspectexamples, features, or 

embodimentexamples described in enumerated embodimentexamples 1-359. 

[0006] In some embodimentexamples, when the second expression cassette comprises two or 

more units of (L – E)X, each linker polynucleotide sequence is operably associated with the 

translation of each molecule as a separate polypeptide. 

[0007] In some embodimentexamples, the linker polynucleotide sequence encodes a 2A 

ribosome skipping tag. 

[0008] In some embodimentexamples, the 2A ribosome skipping tag is selected from the 

group consisting of: P2A, T2A, E2A, and F2A. 

[0009] In some embodimentexamples, the linker polynucleotide sequence encodes an 

Internal Ribosome Entry Site (IRES). 

[0010] In some embodimentexamples, the linker polynucleotide sequence encodes a 

cleavable polypeptide. 

[0011] In some embodimentexamples, the cleavable polypeptide comprises a furin 

polypeptide sequence. 

[0012] In some embodimentexamples, the second expression cassette comprising one or 

more units of (L – E)X further comprises a polynucleotide sequence encoding a secretion 

signal peptide. 

[0013] In some embodimentexamples, for each X the corresponding secretion signal peptide 

is operably associated with the effector molecule. 

[0014] In some embodimentexamples, each secretion signal peptide comprises a native 

secretion signal peptide native to the corresponding effector molecule. 

[0015] In some embodimentexamples, each secretion signal peptide comprises a non-native 

secretion signal peptide that is non-native to the corresponding effector molecule. 

[0016] In some embodimentexamples, the non-native secretion signal peptide is selected 

from the group consisting of: IL12, IL2, optimized IL2, trypsiongen-2, Gaussia luciferase, 

CD5, CD8, human IgKVII, murine IgKVII, VSV-G, prolactin, serum albumin preprotein, 
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azurocidin preprotein, osteonectin, CD33, IL6, IL8, CCL2, TIMP2, VEGFB, osteoprotegerin, 

serpin E1, GROalpha, GM-CSFR, GM-CSF, and CXCL12. 

[0017] In some embodimentexamples, the ACP-responsive promoter comprises an ACP-

binding domain and a promoter sequence. 

[0018] In some embodimentexamples, the promoter sequence is derived from a promoter 

selected from the group consisting of: minP, NFkB response element, CREB response 

element, NFAT response element, SRF response element 1, SRF response element 2, AP1 

response element, TCF-LEF response element promoter fusion, Hypoxia responsive element, 

SMAD binding element, STAT3 binding site, minCMV, YB_TATA, minTK, inducer 

molecule responsive promoters, and tandem repeats thereof. 

[0019] In some embodimentexamples, the ACP-responsive promoter is a synthetic promoter. 

[0020] In some embodimentexamples, the ACP-responsive promoter comprises a minimal 

promoter. 

[0021] In some embodimentexamples, the ACP-binding domain comprises one or more zinc 

finger binding sites. 

[0022] In some embodimentexamples, the first promoter is a constitutive promoter, an 

inducible promoter, or a synthetic promoter. 

[0023] In some embodimentexamples, the constitutive promoter is selected from the group 

consisting of: CMV, EFS, SFFV, SV40, MND, PGK, UbC, hEF1aV1, hCAGG, hEF1aV2, 

hACTb, heIF4A1, hGAPDH, hGRP78, hGRP94, hHSP70, hKINb, and hUBIb. 

[0024] In some embodimentexamples, each effector molecule is independently selected from 

a therapeutic class, wherein the therapeutic class is selected from the group consisting of: a 

cytokine, a chemokine, a homing molecule, a growth factor, a co-activation molecule, a 

tumor microenvironment modifier a, a receptor, a ligand, an antibody, a polynucleotide, a 

peptide, and an enzyme. 

[0025] In some embodimentexamples, the cytokine is selected from the group consisting of: 

IL1-beta, IL2, IL4, IL6, IL7, IL10, IL12, an IL12p70 fusion protein, IL15, IL17A, IL18, 

IL21, IL22, Type I interferons, Interferon-gamma, and TNF-alpha. 

[0026] In some embodimentexamples, the chemokine is selected from the group consisting 

of: CCL21a, CXCL10, CXCL11, CXCL13, a CXCL10-CXCL11 fusion protein, CCL19, 

CXCL9, and XCL1. 

[0027] In some embodimentexamples, the homing molecule is selected from the group 

consisting of: anti-integrin alpha4,beta7; anti-MAdCAM; CCR9; CXCR4; SDFl; MMP-2; 

CXCR1; CXCR7; CCR2; CCR4; and GPR15. 
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[0028] In some embodimentexamples, the growth factor is selected from the group consisting 

of: FLT3L and GM-CSF. 

[0029] In some embodimentexamples, the co-activation molecule is selected from the group 

consisting of: c-Jun, 4-1BBL and CD40L. 

[0030] In some embodimentexamples, the tumor microenvironment modifier is selected from 

the group consisting of: adenosine deaminase, TGFbeta inhibitors, immune checkpoint 

inhibitors, VEGF inhibitors, and HPGE2. 

[0031] In some embodimentexamples, the TGFbeta inhibitors are selected from the group 

consisting of: an anti-TGFbeta peptide, an anti-TGFbeta antibody, a TGFb-TRAP, and 

combinations thereof. 

[0032] In some embodimentexamples, the immune checkpoint inhibitors are selected from 

the group consisting of: anti-PD-1 antibodies, anti-PD-L1 antibodies, anti-PD-L2 antibodies, 

anti-CTLA-4 antibodies, anti-LAG-3 antibodies, anti-TIM-3 antibodies, anti-TIGIT 

antibodies, anti-VISTA antibodies, anti-KIR antibodies, anti-B7-H3 antibodies, anti-B7-H4 

antibodies, anti-HVEM antibodies, anti-BTLA antibodies, anti-GAL9 antibodies, anti-A2AR 

antibodies, anti-phosphatidylserine antibodies, anti-CD27 antibodies, anti-TNFa antibodies, 

anti-TREMl antibodies, and anti-TREM2 antibodies. 

[0033] In some embodimentexamples, the VEGF inhibitors comprise anti-VEGF antibodies, 

anti-VEGF peptides, or combinations thereof. 

[0034] In some embodimentexamples, each effector molecule is a human-derived effector 

molecule. 

[0035] In some embodimentexamples, the first exogenous polynucleotide sequence further 

encodes an antigen recognizing receptor. 

[0036] In certain aspectexamples, provided herein are engineered nucleic acids comprising: a 

first expression cassette comprising a first promoter and a first exogenous polynucleotide 

sequence encoding an activation-conditional control polypeptide (ACP) and an antigen 

recognizing receptor, wherein the first promoter is operably linked to the first exogenous 

polynucleotide; and a second expression cassette comprising an ACP-responsive promoter 

and a second exogenous polynucleotide sequence having the formula: (L – E)X wherein E 

comprises a polynucleotide sequence encoding an effector molecule, L comprises a linker 

polynucleotide sequence, X = 1 to 20, wherein the ACP-responsive promoter is operably 

linked to the second exogenous polynucleotide, wherein for the first iteration of the (L – E) 

unit, L is absent, and wherein the ACP is capable of inducing expression of the second 

expression cassette by binding to the ACP-responsive promoter. 
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[0037] In certain aspectexamples, provided herein are engineered nucleic acids comprising: a 

first expression cassette comprising a first promoter and a first exogenous polynucleotide 

sequence encoding an antigen recognizing receptor, wherein the first promoter is operably 

linked to the first exogenous polynucleotide; and a second expression cassette comprising an 

activation-conditional control polypeptide-responsive (ACP-responsive) promoter and a 

second exogenous polynucleotide sequence having the formula: (L – E)X wherein E 

comprises a polynucleotide sequence encoding an effector molecule, L comprises a linker 

polynucleotide sequence, X = 1 to 20, wherein the ACP-responsive promoter is operably 

linked to the second exogenous polynucleotide, wherein for the first iteration of the (L – E) 

unit, L is absent.  

[0038] In some embodimentexamples, the ACP is capable of inducing expression of the 

second expression cassette by binding to the ACP-responsive promoter. 

[0039] In some embodimentexamples, the ACP is the antigen recognizing receptor and the 

ACP is capable of inducing expression of the second expression cassette following binding of 

the ACP to a cognate antigen. In some embodimentexamples, the ACP-responsive promoter 

is an inducible promoter that is capable of being induced by the ACP binding to the cognate 

antigen. In some embodimentexamples, the ACP-responsive promoter is derived from a 

promoter region of a gene upregulated following binding of the ACP to the cognate antigen. 

[0040] In some embodimentexamples, the ACP-responsive promoter is selected from the 

group consisting of a constitutive promoter, an inducible promoter, and a synthetic promoter. 

[0041] In some embodimentexamples, the ACP-responsive promoter comprises a minimal 

promoter. 

[0042] In some embodimentexamples, the ACP-binding domain comprises one or more zinc 

finger binding sites. 

[0043] In some embodimentexamples, further comprising a linker polynucleotide sequence 

localized between the first expression cassette and the second expression cassette. 

[0044] In some embodimentexamples, wherein the linker polynucleotide sequence is 

operably associated with the translation of the ACP and each effector molecule as separate 

polypeptides. 

[0045] In some embodimentexamples, the first exogenous polynucleotide sequence further 

comprises a linker polynucleotide sequence localized between the region of the first 

exogenous polynucleotide sequence encoding the ACP and the region of the first exogenous 

polynucleotide sequence encoding the antigen recognizing receptor. In some 
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embodimentexamples, the linker polynucleotide sequence is operably associated with the 

translation of the ACP and the antigen recognizing receptor as separate polypeptides.  

[0046] In some embodimentexamples, the engineered nucleic acids further comprise a linker 

polynucleotide sequence localized between the first expression cassette and the second 

expression cassette. In some embodimentexamples, the linker polynucleotide sequence is 

operably associated with the translation of the antigen receptor and each effector molecule as 

separate polypeptides. 

[0047] In some embodimentexamples, the first promoter is operably linked to the first 

exogenous polynucleotide sequence encoding the ACP, linker polynucleotide sequence, and 

antigen recognizing receptor.  

[0048] In some embodimentexamples, the linker polynucleotide sequence encodes a 2A 

ribosome skipping tag. In some embodimentexamples, the 2A ribosome skipping tag is 

selected from the group consisting of: P2A, T2A, E2A, and F2A. In some 

embodimentexamples, the linker polynucleotide sequence encodes an Internal Ribosome 

Entry Site (IRES). In some embodimentexamples, the linker polynucleotide sequence 

encodes a cleavable polypeptide. In some embodimentexamples, the cleavable polypeptide 

comprises a furin polypeptide sequence. 

[0049] In some embodimentexamples, the antigen recognizing receptor recognizes an antigen 

selected from the group consisting of: 5T4, ADAM9, AFP, AXL, B7-H3, B7-H4, B7-H6, 

C4.4, CA6, Cadherin 3, Cadherin 6, CCR4, CD123, CD133, CD138, CD142, CD166, CD25, 

CD30, CD352, CD37, CD38, CD44, CD56, CD66e, CD70, CD71, CD74, CD79b, CD80, 

CEA, CEACAM5, Claudin18.2, cMet, CSPG4, CTLA, DLK1, DLL3, DR5, EGFR, ENPP3, 

EpCAM, EphA2, Ephrin A4, ETBR, FGFR2, FGFR3, FRalpha, FRb, GCC, GD2, GFRa4, 

gpA33, GPC3, gpNBM, GPRC5, HER2, IL-13R, IL-13Ra, IL-13Ra2, IL-8, IL-15, IL1RAP, 

Integrin aV, KIT, L1CAM, LAMP1, Lewis Y, LeY, LIV-1, LRRC, LY6E, MCSP, 

Mesothelin, MUC1, MUC16, MUC1C, NaPi2B, Nectin 4, NKG2D, NOTCH3, NY ESO 1, 

Ovarin, P-cadherin, pan-Erb2, PSCA, PSMA, PTK7, ROR1, S Aures, SCT, SLAMF7, 

SLITRK6, SSTR2, STEAP1, Survivin, TDGF1, TIM1, TROP2, and WT1. In some 

embodimentexamples, the antigen recognizing receptor recognizes GPC3. In some 

embodimentexamples, the antigen recognizing receptor recognizes mesothelin (MSLN). 

[0050] In some embodimentexamples, the antigen recognizing receptor comprises an 

antigen-binding domain. 

[0051] In some embodimentexamples, the antigen-binding domain that binds to GPC3 

comprises a heavy chain variable (VH) region and a light chain variable (VL) region, wherein 
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the VH comprises: a heavy chain complementarity determining region 1 (CDR-H1) having 

the amino acid sequence of KNAMN (SEQ ID NO: 119), a heavy chain complementarity 

determining region 2 (CDR-H2) having the amino acid sequence of 

RIRNKTNNYATYYADSVKA (SEQ ID NO: 120), and a heavy chain complementarity 

determining region 3 (CDR-H3) having the amino acid sequence of GNSFAY (SEQ ID NO: 

121), and wherein the VL comprises: a light chain complementarity determining region 1 

(CDR-L1) having the amino acid sequence of KSSQSLLYSSNQKNYLA (SEQ ID NO: 

122), a light chain complementarity determining region 2 (CDR-L2) having the amino acid 

sequence of WASSRES (SEQ ID NO: 123), and a light chain complementarity determining 

region 3 (CDR-L3) having the amino acid sequence of QQYYNYPLT (SEQ ID NO: 124). 

[0052] In some embodimentexamples, the VH region comprises an amino acid sequence with 

at least 90 %, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 

96%, at least 97%, at least 98%, at least 99%, or 100% identity to the amino acid sequence of  

EVQLVETGGGMVQPEGSLKLSCAASGFTFNKNAMNWVRQAPGKGLEWVARIRNKT

NNYATYYADSVKARFTISRDDSQSMLYLQMNNLKIEDTAMYYCVAGNSFA 

YWGQGTLVTVSA (SEQ ID NO: 125) or 

EVQLVESGGGLVQPGGSLRLSCAASGFTFNKNAMNWVRQAPGKGLEWVGRIRNKT

NNYATYYADSVKARFTISRDDSKNSLYLQMNSLKTEDTAVYYCVAGNSFAYWGQG

TLVTVSA (SEQ ID NO: 126). 

[0053] In some embodimentexamples, the VL region comprises an amino acid sequence with 

at least 90 %, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 

96%, at least 97%, at least 98%, at least 99%, or 100% identity to the amino acid sequence of 

DIVMSQSPSSLVVSIGEKVTMTCKSSQSLLYSSNQKNYLAWYQQKPGQSPKLLIYWA

SSRESGVPDRFTGSGSGTDFTLTISSVKAEDLAVYYCQQYYNYPLTFGAGTKLELK 

(SEQ ID NO: 127), or 

DIVMTQSPDSLAVSLGERATINCKSSQSLLYSSNQKNYLAWYQQKPGQPPKLLIYWA

SSRESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQYYNYPLTFGQGTKLEIK 

(SEQ ID NO: 128). 

[0054] In some embodimentexamples, the antigen-binding domain that binds to MSLN 

comprises the three complementarity determining regions (CDRs) of a single-domain 

monoclonal antibody having the amino acid sequence of: 

QVQLVESGGGTVQAGGSLKLACAASGLPRTYNVMGWFRQAPGKEREGVAIIYTTTG

ATYYRDSVKGRATISQDNAKKSVSLQMNSLRPEDTAIYYCVARQPNSGPWEYWGQ

GTQVTVSS (SEQ ID NO: 129), or  
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QVKLEESGGGSVQAGGSLRLSCTTSGYTNSYKWMGWFRQAPGQEREGVAVIYTGN

DRTYYSDSVKGRFTISRDNAKNMIYLDMTRLRPEDSAVYECAIGHDGAWRYWGQG

TQVTVSS (SEQ ID NO: 130).  

[0055] In some embodimentexamples, the antigen-binding domain comprises an antibody, an 

antigen-binding fragment of an antibody, a F(ab) fragment, a F(ab') fragment, a single chain 

variable fragment (scFv), or a single-domain antibody (sdAb). 

[0056] In some embodimentexamples, the antigen-binding domain comprises a single chain 

variable fragment (scFv). 

[0057] In some embodimentexamples, the scFv comprises a heavy chain variable domain 

(VH) and a light chain variable domain (VL). 

[0058] In some embodimentexamples, the VH and VL are separated by a peptide linker. 

[0059] In some embodimentexamples, the scFv comprises the structure VH-L-VL or VL-L-

VH, wherein VH is the heavy chain variable domain, L is the peptide linker, and VL is the 

light chain variable domain. 

[0060] In some embodimentexamples, the antigen recognizing receptor is a chimeric antigen 

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

[0061] In some embodimentexamples, the antigen recognizing receptor is a CAR. 

[0062] In some embodimentexamples, the CAR comprises one or more intracellular 

signaling domains, and each of the one or more intracellular signaling domains is selected 

from the group consisting of: a CD3zeta-chain intracellular signaling domain, a CD97 

intracellular signaling domain, a CD11a-CD18 intracellular signaling domain, a CD2 

intracellular signaling domain, an ICOS intracellular signaling domain, a CD27 intracellular 

signaling domain, a CD154 intracellular signaling domain, a CD8 intracellular signaling 

domain, an OX40 intracellular signaling domain, a 4-1BB intracellular signaling domain, a 

CD28 intracellular signaling domain, a ZAP40 intracellular signaling domain, a CD30 

intracellular signaling domain, a GITR intracellular signaling domain, an HVEM intracellular 

signaling domain, a DAP10 intracellular signaling domain, a DAP12 intracellular signaling 

domain, a MyD88 intracellular signaling domain, a 2B4 intracellular signaling domain, a 

CD16a intracellular signaling domain, a DNAM-1 intracellular signaling domain, a KIR2DS1 

intracellular signaling domain, a KIR3DS1 intracellular signaling domain, a NKp44 

intracellular signaling domain, a NKp46 intracellular signaling domain, a FceRlg intracellular 

signaling domain, a NKG2D intracellular signaling domain, and an EAT-2 intracellular 

signaling domain. 
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[0063] In some embodimentexamples, the CAR comprises a transmembrane domain, and the 

transmembrane domain is selected from the group consisting of: a CD8 transmembrane 

domain, a CD28 transmembrane domain a CD3zeta-chain transmembrane domain, a CD4 

transmembrane domain, a 4-1BB transmembrane domain, an OX40 transmembrane domain, 

an ICOS transmembrane domain, a CTLA-4 transmembrane domain, a PD-1 transmembrane 

domain, a LAG-3 transmembrane domain, a 2B4 transmembrane domain, a BTLA 

transmembrane domain, an OX40 transmembrane domain, a DAP10 transmembrane domain, 

a DAP12 transmembrane domain, a CD16a transmembrane domain, a DNAM-1 

transmembrane domain, a KIR2DS1 transmembrane domain, a KIR3DS1 transmembrane 

domain, an NKp44 transmembrane domain, an NKp46 transmembrane domain, an FceRlg 

transmembrane domain, and an NKG2D. 

[0064] In some embodimentexamples, the CAR comprises a spacer region between the 

antigen-binding domain and the transmembrane domain. 

[0065] In some embodimentexamples, the ACP is a transcriptional modulator. 

[0066] In some embodimentexamples, the ACP is a transcriptional repressor. 

[0067] In some embodimentexamples, the ACP is a transcriptional activator. 

[0068] In some embodimentexamples, the ACP further comprises a repressible protease and 

one or more cognate cleavage sites of the repressible protease. 

[0069] In some embodimentexamples, the ACP further comprises a hormone-binding domain 

of estrogen receptor (ERT2 domain). 

[0070] In some embodimentexamples, the ACP is a transcription factor. 

[0071] In some embodimentexamples, the transcription factor is a zinc-finger-containing 

transcription factor. 

[0072] In some embodimentexamples, the ACP comprises a DNA-binding zinc finger protein 

domain (ZF protein domain) and a transcriptional effector domain. 

[0073] In some embodimentexamples, the ZF protein domain is modular in design and is 

composed of zinc finger arrays (ZFA). 

[0074] In some embodimentexamples, the ZF protein domain comprises one to ten ZFA. 

[0075] In some embodimentexamples, the effector domain is selected from the group 

consisting of: a Herpes Simplex Virus Protein 16 (VP16) activation domain; an activation 

domain consisting of four tandem copies of VP16, a VP64 activation domain; a p65 

activation domain of NFκB; an Epstein-Barr virus R transactivator (Rta) activation domain; a 

tripartite activator comprising the VP64, the p65, and the Rta activation domains, the 

tripartite activator is known as a VPR activation domain; a histone acetyltransferase (HAT) 
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core domain of the human E1A-associated protein p300, known as a p300 HAT core 

activation domain; a Krüppel associated box (KRAB) repression domain; a truncated Krüppel 

associated box (KRAB) repression domain; a Repressor Element Silencing Transcription 

Factor (REST) repression domain; a WRPW motif (SEQ ID NO: 162) of the hairy-related 

basic helix-loop-helix repressor proteins, the motif is known as a WRPW repression domain 

("WRPW" disclosed as SEQ ID NO: 162); a DNA (cytosine-5)-methyltransferase 3B 

(DNMT3B) repression domain; and an HP1 alpha chromoshadow repression domain. 

[0076] In some embodimentexamples, the one or more cognate cleavage sites of the 

repressible protease are localized between the ZF protein domain and the effector domain.  

[0077] In some embodimentexamples, the repressible protease is hepatitis C virus (HCV) 

nonstructural protein 3 (NS3). 

[0078] In some embodimentexamples, the cognate cleavage site comprises an NS3 protease 

cleavage site. 

[0079] In some embodimentexamples, the NS3 protease cleavage site comprises a 

NS3/NS4A, a NS4A/NS4B, a NS4B/NS5A, or a NS5A/NS5B junction cleavage site. 

[0080] In some embodimentexamples, the NS3 protease can be repressed by a protease 

inhibitor. 

[0081] In some embodimentexamples, the protease inhibitor is selected from the group 

consisting of: simeprevir, danoprevir, asunaprevir, ciluprevir, boceprevir, sovaprevir, 

paritaprevir, telaprevir, grazoprevir, glecaprevir, and voxiloprevir. In some 

embodimentexamples, the protease inhibitor is grazoprevir. In some embodimentexamples, 

the protease inhibitor is grazoprevir and and elbasvir. In some embodimentexamples, wherein 

the grazoprevir and the elbasvir is co-formulated in a pharmaceutical composition. In some 

embodimentexamples, the pharmaceutical composition is a tablet. In some 

embodimentexamples, the grazoprevir and the elbasvir are at a 2 to 1 weight ratio. In some 

embodimentexamples, the grazoprevir is 100 mg per unit dose and the elbasvir is 50 mg per 

unit dose. 

[0082] In some embodimentexamples, the ACP is capable of undergoing nuclear localization 

upon binding of the ERT2 domain to tamoxifen or a metabolite thereof. 

[0083] In some embodimentexamples, the tamoxifen metabolite is selected from the group 

consisting of: 4-hydroxytamoxifen, N-desmethyltamoxifen, tamoxifen-N-oxide, and 

endoxifen. 

[0084] In some embodimentexamples, the ACP further comprises a degron, and wherein the 

degron is operably linked to the ACP. 
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[0085] In some embodimentexamples, the degron is selected from the group consisting of 

HCV NS4 degron, PEST (two copies of residues 277-307 of human IκBα), GRR (residues 

352-408 of human p105), DRR (residues 210-295 of yeast Cdc34), SNS (tandem repeat of 

SP2 and NB (SP2-NB-SP2 of influenza A or influenza B), RPB (four copies of residues 

1688-1702 of yeast RPB), SPmix (tandem repeat of SP1 and SP2 (SP2-SP1-SP2-SP1-SP2 of 

influenza A virus M2 protein), NS2 (three copies of residues 79-93 of influenza A virus NS 

protein), ODC (residues 106-142 of ornithine decarboxylase), Nek2A, mouse ODC (residues 

422–461), mouse ODC_DA (residues 422-461 of mODC including D433A and D434A point 

mutations), an APC/C degron, a COP1 E3 ligase binding degron motif, a CRL4-Cdt2 binding 

PIP degron, an actinfilin-binding degron, a KEAP1 binding degron, a KLHL2 and KLHL3 

binding degron, an MDM2 binding motif, an N-degron, a hydroxyproline modification in 

hypoxia signaling, a phytohormone-dependent SCF-LRR-binding degron, an SCF ubiquitin 

ligase binding phosphodegron, a phytohormone-dependent SCF-LRR-binding degron, a 

DSGxxS phospho-dependent degron (SEQ ID NO: 163), an Siah binding motif, an SPOP 

SBC docking motif, and a PCNA binding PIP box. 

[0086] In some embodimentexamples, the degron comprises a cereblon (CRBN) polypeptide 

substrate domain capable of binding CRBN in response to an immunomodulatory drug 

(IMiD) thereby promoting ubiquitin pathway-mediated degradation of the ACP. 

[0087] In some embodimentexamples, the CRBN polypeptide substrate domain is selected 

from the group consisting of: IKZF1, IKZF3, CKla, ZFP91, GSPT1, MEIS2, GSS E4F1, 

ZN276, ZN517, ZN582, ZN653, ZN654, ZN692, ZN787, and ZN827, or a fragment thereof 

that is capable of drug-inducible binding of CRBN. 

[0088] In some embodimentexamples, the CRBN polypeptide substrate domain is a chimeric 

fusion product of native CRBN polypeptide sequences. 

[0089]  In some embodimentexamples, the CRBN polypeptide substrate domain is a 

IKZF3/ZFP91/IKZF3 chimeric fusion product having the amino acid sequence of 

FNVLMVHKRSHTGERPLQCEICGFTCRQKGNLLRHIKLHTGEKPFKCHLCNYACQRR

DAL (SEQ ID NO: 131). 

[0090] In some embodimentexamples, the IMiD is an FDA-approved drug. 

[0091] In some embodimentexamples, the IMiD is selected from the group consisting of: 

thalidomide, lenalidomide, and pomalidomide. 

[0092] In some embodimentexamples, the degron is localized 5’ of the repressible protease, 

3’ of the repressible protease, 5’ of the ZF protein domain, 3’ of the ZF protein domain, 5’ of 

the effector domain, or 3’ of the effector domain. 
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[0093] In some embodimentexamples, the engineered nucleic acid further comprises an 

insulator. 

[0094] In some embodimentexamples, the insulator is localized between the first expression 

cassette and the second expression cassette. 

[0095] In some embodimentexamples, the first expression cassette is localized in the same 

orientation relative to the second expression cassette. 

[0096] In some embodimentexamples, the first expression cassette is localized in the opposite 

orientation relative to the second expression cassette. 

[0097] In some embodimentexamples, the engineered nucleic acid is selected from the group 

consisting of: a DNA, a cDNA, an RNA, an mRNA, and a naked plasmid. 

[0098] In another aspectexample, provided herein are expression vectors comprising the 

engineered nucleic acid, the expression sysem, or the first expression cassette, the second 

expression cassette, and/or the additional expression cassettes disclosed herein. 

[0099] In another aspectexample, provided herein are compositions comprising the 

engineered nucleic acid, the expression sysem, or the first expression cassette, the second 

expression cassette, and/or the additional expression cassette described herein, and a 

pharmaceutically acceptable carrier. 

[00100] In another aspectexample, provided herein are isolated cells comprising the 

engineered nucleic acid, the expression sysem, or the first expression cassette, the second 

expression cassette, and/or the additional expression cassette described herein or the vector as 

described herein. 

[00101] In some embodimentexamples, the engineered nucleic acid is recombinantly 

expressed. 

[00102] In some embodimentexamples, the engineered nucleic acid is expressed from a 

vector or a selected locus from the genome of the cell. 

[00103] In some embodimentexamples, the cell is selected from the group consisting of: a 

T cell, a CD8+ T cell, a CD4+ T cell, a gamma-delta T cell, a cytotoxic T lymphocyte (CTL), 

a regulatory T cell, a viral-specific T cell, a Natural Killer T (NKT) cell, a Natural Killer 

(NK) cell, a B cell, a tumor-infiltrating lymphocyte (TIL), an innate lymphoid cell, a mast 

cell, an eosinophil, a basophil, a neutrophil, a myeloid cell, a macrophage, a monocyte, a 

dendritic cell, an erythrocyte, a platelet cell, a human embryonic stem cell (ESC), an ESC-

derived cell, a pluripotent stem cell, a mesenchymal stromal cell (MSC), an induced 

pluripotent stem cell (iPSC), and an iPSC-derived cell. In some embodimentexamples, the 

cell is a Natural Killer (NK) cell. 
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[00104] In some embodimentexamples, the cell is autologous. 

[00105] In some embodimentexamples, the cell is allogeneic. 

[00106] In some embodimentexamples, the cell is a tumor cell selected from the group 

consisting of: an adenocarcinoma cell, a bladder tumor cell, a brain tumor cell, a breast tumor 

cell, a cervical tumor cell, a colorectal tumor cell, an esophageal tumor cell, a glioma cell, a 

kidney tumor cell, a liver tumor cell, a lung tumor cell, a melanoma cell, a mesothelioma cell, 

an ovarian tumor cell, a pancreatic tumor cell, a gastric tumor cell, a testicular yolk sac tumor 

cell, a prostate tumor cell, a skin tumor cell, a thyroid tumor cell, and a uterine tumor cell. 

[00107] In some embodimentexamples, the cell is engineered via transduction with an 

oncolytic virus. 

[00108] In some embodimentexamples, the oncolytic virus is selected from the group 

consisting of: an oncolytic herpes simplex virus, an oncolytic adenovirus, an oncolytic 

measles virus, an oncolytic influenza virus, an oncolytic Indiana vesiculovirus, an oncolytic 

Newcastle disease virus, an oncolytic vaccinia virus, an oncolytic poliovirus, an oncolytic 

myxoma virus, an oncolytic reovirus, an oncolytic mumps virus, an oncolytic Maraba virus, 

an oncolytic rabies virus, an oncolytic rotavirus, an oncolytic hepatitis virus, an oncolytic 

rubella virus, an oncolytic dengue virus, an oncolytic chikungunya virus, an oncolytic 

respiratory syncytial virus, an oncolytic lymphocytic choriomeningitis virus, an oncolytic 

morbillivirus, an oncolytic lentivirus, an oncolytic replicating retrovirus, an oncolytic 

rhabdovirus, an oncolytic Seneca Valley virus, an oncolytic sindbis virus, and any variant or 

derivative thereof. 

[00109] In some embodimentexamples, the oncolytic virus is a recombinant oncolytic 

virus comprising the first expression cassette and the second expression cassette. 

[00110] In some embodimentexamples, the cell is a bacterial cell selected from the group 

consisting of: Clostridium beijerinckii, Clostridium sporogenes, Clostridium novyi, 

Escherichia coli, Pseudomonas aeruginosa, Listeria monocytogenes, Salmonella 

typhimurium, and Salmonella choleraesuis. 

[00111] In another aspectexample, provided herein are compositions comprising the 

isolated cell described herein, and a pharmaceutically acceptable carrier. 

[00112] In another aspectexample, provided herein are methods of treating a subject in 

need thereof, the method comprising administering a therapeutically effective dose of any of 

the isolated cells or the compositions described herein. 

[00113] In another aspectexample, provided herein are methods of stimulating a cell-

mediated immune response to a tumor cell in a subject, the method comprising administering 
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to a subject having a tumor a therapeutically effective dose of any of the isolated cells or the 

compositions described herein. 

[00114] In another aspectexample, provided herein are methods of providing an anti-tumor 

immunity in a subject, the method comprising administering to a subject in need thereof a 

therapeutically effective dose of any of the isolated cells or the compositions described 

herein. 

[00115] In another aspectexample, provided herein are methods of treating a subject 

having cancer, the method comprising administering a therapeutically effective dose of any 

of the isolated cells or the compositions described herein. 

[00116] In another aspectexample, provided herein are methods of reducing tumor volume 

in a subject, the method comprising administering to a subject having a tumor a composition 

comprising any of the isolated cells or the compositions described herein. 

[00117] In some embodimentexamples, the administering comprises systemic 

administration. 

[00118] In some embodimentexamples, the administering comprises intratumoral 

administration. 

[00119] In some embodimentexamples, the isolated cell is derived from the subject. 

[00120] In some embodimentexamples, the isolated cell is allogeneic with reference to the 

subject. 

[00121] In some embodimentexamples, the method further comprises administering a 

checkpoint inhibitor. 

[00122] In some embodimentexamples, the checkpoint inhibitor is selected from the group 

consisting of: an anti-PD-1 antibody, an anti-PD-L1 antibody, an anti-PD-L2 antibody, an 

anti-CTLA-4 antibody, an anti-LAG-3 antibody, an anti-TIM-3 antibody, an anti-TIGIT 

antibody, an anti-VISTA antibody, an anti-KIR antibody, an anti-B7-H3 antibody, an anti-

B7-H4 antibody, an anti-HVEM antibody, an anti-BTLA antibody, an anti-GAL9 antibody, 

an anti-A2AR antibody, an anti-phosphatidylserine antibody, an anti-CD27 antibody, an anti-

TNFa antibody, an anti-TREM1 antibody, and an anti-TREM2 antibody. 

[00123] In some embodimentexamples, the method further comprises administering an 

anti-CD40 antibody. 

[00124] In some embodimentexamples, the tumor is selected from the group consisting of: 

an adenocarcinoma, a bladder tumor, a brain tumor, a breast tumor, a cervical tumor, a 

colorectal tumor, an esophageal tumor, a glioma, a kidney tumor, a liver tumor, a lung tumor, 

a melanoma, a mesothelioma, an ovarian tumor, a pancreatic tumor, a gastric tumor, a 
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testicular yolk sac tumor, a prostate tumor, a skin tumor, a thyroid tumor, and a uterine 

tumor. 

[00125] In another aspectexample, provided herein are lipid-based structures the 

engineered nucleic acid, the expression sysem, or the first expression cassette, the second 

expression cassette, and/or the additional expression cassette described herein. 

[00126] In some embodimentexamples, the lipid-based structure comprises a extracellular 

vesicle. 

[00127] In some embodimentexamples, the extracellular vesicle is selected from the group 

consisting of: a nanovesicle and an exosome. 

[00128] In some embodimentexamples, the lipid-based structure comprises a lipid 

nanoparticle or a micelle. 

[00129] In some embodimentexamples, the lipid-based structure comprises a liposome. 

[00130] In another aspectexample, provided herein are compositions comprising the lipid-

based structure described herein, and a pharmaceutically acceptable carrier. 

[00131] In another aspectexample, provided herein are methods of treating a subject in 

need thereof, the method comprising administering a therapeutically effective dose of any of 

the lipid-based structures or compositions described herein. 

[00132] In another aspectexample, provided herein are methods of stimulating a cell-

mediated immune response to a tumor cell in a subject, the method comprising administering 

to a subject having a tumor a therapeutically effective dose of any of the lipid-based 

structures or compositions described herein. 

[00133] In another aspectexample, provided herein are methods of providing an anti-tumor 

immunity in a subject, the method comprising administering to a subject in need thereof a 

therapeutically effective dose of any of the lipid-based structures or compositions described 

herein. 

[00134] In another aspectexample, provided herein are methods of treating a subject 

having cancer, the method comprising administering a therapeutically effective dose of any 

of the lipid-based structures or compositions described herein. 

[00135] In another aspectexample, provided herein are methods of reducing tumor volume 

in a subject, the method comprising administering to a subject having a tumor a composition 

comprising any of the lipid-based structures or compositions described herein. 

[00136] In some embodimentexamples, the administering comprises systemic 

administration. 
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[00137] In some embodimentexamples, the administering comprises intratumoral 

administration. 

[00138] In some embodimentexamples, the lipid-based structure is capable of engineering 

a cell in the subject. 

[00139] In some embodimentexamples, the method further comprises administering a 

checkpoint inhibitor. 

[00140] In some embodimentexamples, the checkpoint inhibitor is selected from the group 

consisting of: an anti-PD-1 antibody, an anti-PD-L1 antibody, an anti-PD-L2 antibody, an 

anti-CTLA-4 antibody, an anti-LAG-3 antibody, an anti-TIM-3 antibody, an anti-TIGIT 

antibody, an anti-VISTA antibody, an anti-KIR antibody, an anti-B7-H3 antibody, an anti-

B7-H4 antibody, an anti-HVEM antibody, an anti-BTLA antibody, an anti-GAL9 antibody, 

an anti-A2AR antibody, an anti-phosphatidylserine antibody, an anti-CD27 antibody, an anti-

TNFa antibody, an anti-TREM1 antibody, and an anti-TREM2 antibody. 

[00141] In some embodimentexamples, the method further comprises administering an 

anti-CD40 antibody. 

[00142] In some embodimentexamples, the tumor is selected from the group consisting of: 

an adenocarcinoma, a bladder tumor, a brain tumor, a breast tumor, a cervical tumor, a 

colorectal tumor, an esophageal tumor, a glioma, a kidney tumor, a liver tumor, a lung tumor, 

a melanoma, a mesothelioma, an ovarian tumor, a pancreatic tumor, a gastric tumor, a 

testicular yolk sac tumor, a prostate tumor, a skin tumor, a thyroid tumor, and a uterine 

tumor. 

[00143] In another aspectexample, provided herein are nanoparticles the engineered 

nucleic acid, the expression sysem, or the first expression cassette, the second expression 

cassette, and/or the additional expression cassette described herein. 

[00144] In some embodimentexamples, the nanoparticle comprises an inorganic material. 

[00145] In another aspectexample, provided herein are compositions comprising the 

nanoparticles described herein. 

[00146] In another aspectexample, provided herein are methods of treating a subject in 

need thereof, the method comprising administering a therapeutically effective dose of any of 

the nanoparticles or the compositions described herein 

[00147] In another aspectexample, provided herein are methods of stimulating a cell-

mediated immune response to a tumor cell in a subject, the method comprising administering 

to a subject having a tumor a therapeutically effective dose of any of the nanoparticles or the 

compositions described herein. 
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[00148] In another aspectexample, provided herein are methods of providing an anti-tumor 

immunity in a subject, the method comprising administering to a subject in need thereof a 

therapeutically effective dose of any of the nanoparticles or the compositions described 

herein. 

[00149] In another aspectexample, provided herein are methods of treating a subject 

having cancer, the method comprising administering a therapeutically effective dose of any 

of the nanoparticles or the compositions described herein. 

[00150] In another aspectexample, provided herein are methods of reducing tumor volume 

in a subject, the method comprising administering to a subject having a tumor a composition 

comprising any of the nanoparticles or the compositions described herein. 

[00151] In some embodimentexamples, the administering comprises systemic 

administration. 

[00152] In some embodimentexamples, the administering comprises intratumoral 

administration. 

[00153] In some embodimentexamples, the nanoparticle is capable of engineering a cell in 

the subject. 

[00154] In some embodimentexamples, the method further comprises administering a 

checkpoint inhibitor. 

[00155] In some embodimentexamples, the checkpoint inhibitor is selected from the group 

consisting of: an anti-PD-1 antibody, an anti-PD-L1 antibody, an anti-PD-L2 antibody, an 

anti-CTLA-4 antibody, an anti-LAG-3 antibody, an anti-TIM-3 antibody, an anti-TIGIT 

antibody, an anti-VISTA antibody, an anti-KIR antibody, an anti-B7-H3 antibody, an anti-

B7-H4 antibody, an anti-HVEM antibody, an anti-BTLA antibody, an anti-GAL9 antibody, 

an anti-A2AR antibody, an anti-phosphatidylserine antibody, an anti-CD27 antibody, an anti-

TNFa antibody, an anti-TREM1 antibody, and an anti-TREM2 antibody. 

[00156] In some embodimentexamples, the method further comprises administering an 

anti-CD40 antibody. 

[00157] In some embodimentexamples, the tumor is selected from the group consisting of: 

an adenocarcinoma, a bladder tumor, a brain tumor, a breast tumor, a cervical tumor, a 

colorectal tumor, an esophageal tumor, a glioma, a kidney tumor, a liver tumor, a lung tumor, 

a melanoma, a mesothelioma, an ovarian tumor, a pancreatic tumor, a gastric tumor, a 

testicular yolk sac tumor, a prostate tumor, a skin tumor, a thyroid tumor, and a uterine 

tumor. 
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[00158] In another aspectexample, provided herein are viruses engineered to comprise the 

engineered nucleic acid described herein. 

[00159] In some embodimentexamples, the virus is selected from the group consisting of: 

a lentivirus, a retrovirus, an oncolytic virus, an adenovirus, an adeno-associated virus (AAV), 

and a virus-like particle (VLP). 

[00160] In some embodimentexamples, the virus is an oncolytic virus. 

[00161] In some embodimentexamples, the first expression cassette and the second 

expression cassette are capable of being expressed in a tumor cell. 

[00162] In some embodimentexamples, the tumor is selected from the group consisting of: 

an adenocarcinoma, a bladder tumor, a brain tumor, a breast tumor, a cervical tumor, a 

colorectal tumor, an esophageal tumor, a glioma, a kidney tumor, a liver tumor, a lung tumor, 

a melanoma, a mesothelioma, an ovarian tumor, a pancreatic tumor, a gastric tumor, a 

testicular yolk sac tumor, a prostate tumor, a skin tumor, a thyroid tumor, and a uterine 

tumor. 

[00163] In some embodimentexamples, the oncolytic virus is selected from the group 

consisting of: an oncolytic herpes simplex virus, an oncolytic adenovirus, an oncolytic 

measles virus, an oncolytic influenza virus, an oncolytic Indiana vesiculovirus, an oncolytic 

Newcastle disease virus, an oncolytic vaccinia virus, an oncolytic poliovirus, an oncolytic 

myxoma virus, an oncolytic reovirus, an oncolytic mumps virus, an oncolytic Maraba virus, 

an oncolytic rabies virus, an oncolytic rotavirus, an oncolytic hepatitis virus, an oncolytic 

rubella virus, an oncolytic dengue virus, an oncolytic chikungunya virus, an oncolytic 

respiratory syncytial virus, an oncolytic lymphocytic choriomeningitis virus, an oncolytic 

morbillivirus, an oncolytic lentivirus, an oncolytic replicating retrovirus, an oncolytic 

rhabdovirus, an oncolytic Seneca Valley virus, an oncolytic sindbis virus, and any variant or 

derivative thereof. 

[00164] In another aspectexample, provided herein are compositions comprising the 

engineered virus or the compositions. 

[00165] In another aspectexample, provided herein are methods of stimulating a cell-

mediated immune response to a tumor cell in a subject, the method comprising administering 

to a subject having a tumor a therapeutically effective dose of any of the engineered viruses 

or the compositions. 

[00166] In another aspectexample, provided herein are methods of providing an anti-tumor 

immunity in a subject, the method comprising administering to a subject in need thereof a 

therapeutically effective dose of any of the engineered viruses or the compositions. 
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[00167] In another aspectexample, provided herein are methods of treating a subject 

having cancer, the method comprising administering a therapeutically effective dose of any 

of the engineered viruses or the compositions. 

[00168] In another aspectexample, provided herein are methods of reducing tumor volume 

in a subject, the method comprising administering to a subject having a tumor a composition 

comprising any of the engineered viruses or the compositions. 

[00169] In some embodimentexamples, the administering comprises systemic 

administration. 

[00170] In some embodimentexamples, the administering comprises intratumoral 

administration. 

[00171] In some embodimentexamples, the engineered virus infects a cell in the subject 

and expresses the first expression cassette and the second expression cassette. 

[00172] In some embodimentexamples, the method further comprises administering a 

checkpoint inhibitor. 

[00173] In some embodimentexamples, the checkpoint inhibitor is selected from the group 

consisting of: an anti-PD-1 antibody, an anti-PD-L1 antibody, an anti-PD-L2 antibody, an 

anti-CTLA-4 antibody, an anti-LAG-3 antibody, an anti-TIM-3 antibody, an anti-TIGIT 

antibody, an anti-VISTA antibody, an anti-KIR antibody, an anti-B7-H3 antibody, an anti-

B7-H4 antibody, an anti-HVEM antibody, an anti-BTLA antibody, an anti-GAL9 antibody, 

an anti-A2AR antibody, an anti-phosphatidylserine antibody, an anti-CD27 antibody, an anti-

TNFa antibody, an anti-TREM1 antibody, and an anti-TREM2 antibody. 

[00174] In some embodimentexamples, the method further comprises administering an 

anti-CD40 antibody. 

[00175] In some embodimentexamples, the tumor is selected from the group consisting of: 

an adenocarcinoma, a bladder tumor, a brain tumor, a breast tumor, a cervical tumor, a 

colorectal tumor, an esophageal tumor, a glioma, a kidney tumor, a liver tumor, a lung tumor, 

a melanoma, a mesothelioma, an ovarian tumor, a pancreatic tumor, a gastric tumor, a 

testicular yolk sac tumor, a prostate tumor, a skin tumor, a thyroid tumor, and a uterine 

tumor. 

[00176] In another aspectexample, provided herein are engineered cells comprising: a first 

expression cassette comprising a first promoter and a first exogenous polynucleotide 

sequence encoding an activation-conditional control polypeptide (ACP), wherein the first 

promoter is operably linked to the first exogenous polynucleotide; and a second expression 

cassette comprising an ACP-responsive promoter and a second exogenous polynucleotide 
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sequence having the formula: (L – E)X wherein E comprises a polynucleotide sequence 

encoding an effector molecule, L comprises a linker polynucleotide sequence, X = 1 to 20, 

wherein the ACP-responsive promoter is operably linked to the second exogenous 

polynucleotide, wherein for the first iteration of the (L – E) unit, L is absent, and wherein the 

ACP is capable of inducing expression of the second expression cassette by binding to the 

ACP-responsive promoter.  

[00177] In some embodimentexamples, the first expression cassette and the second 

expression cassette are encoded by separate polynucleotide sequences. 

[00178] In some embodimentexamples, the first expression cassette and the second 

expression cassette are encoded by a single polynucleotide sequence. 

[00179] The engineered cell of any one of claims 153-155, wherein when the second 

expression cassette comprises two or more units of (L1 – E)X, each L1 linker polynucleotide 

sequence is operably associated with the translation of each effector molecule as a separate 

polypeptide. 

[00180] In some embodimentexamples, the engineered cell further comprises a second 

linker polynucleotide sequence, wherein the second linker polynucleotide links the first 

expression cassette to the second expression cassette. 

[00181] In some embodimentexamples, the second linker polynucleotide sequence is 

operably associated with the translation of each effector molecule and the ACP as separate 

polypeptides. 

[00182] In some embodimentexamples, each linker polynucleotide sequence encodes a 2A 

ribosome skipping tag. 

[00183] In some embodimentexamples, the 2A ribosome skipping tag is selected from the 

group consisting of: P2A, T2A, E2A, and F2A. 

[00184] In some embodimentexamples, each linker polynucleotide sequence encodes an 

Internal Ribosome Entry Site (IRES). 

[00185] In some embodimentexamples, the linker polynucleotide sequence encodes a 

cleavable polypeptide. 

[00186] In some embodimentexamples, the cleavable polypeptide comprises a furin 

polypeptide sequence. 

[00187] In some embodimentexamples, the second expression cassette comprising one or 

more units of (L1 – E)X further comprises a polynucleotide sequence encoding a secretion 

signal peptide. 
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[00188] In some embodimentexamples, for each X the corresponding secretion signal 

peptide is operably associated with the effector molecule. 

[00189] In some embodimentexamples, each secretion signal peptide comprises a native 

secretion signal peptide native to the corresponding effector molecule. 

[00190] In some embodimentexamples, each secretion signal peptide comprises a non-

native secretion signal peptide that is non-native to the corresponding effector molecule. 

[00191] In some embodimentexamples, the non-native secretion signal peptide is selected 

from the group consisting of: IL12, IL2, optimized IL2, trypsiongen-2, Gaussia luciferase, 

CD5, CD8, human IgKVII, murine IgKVII, VSV-G, prolactin, serum albumin preprotein, 

azurocidin preprotein, osteonectin, CD33, IL6, IL8, CCL2, TIMP2, VEGFB, osteoprotegerin, 

serpin E1, GROalpha, GM-CSFR, GM-CSF, and CXCL12. 

[00192] In some embodimentexamples, the ACP-responsive promoter comprises an ACP-

binding domain and a promoter sequence. 

[00193] In some embodimentexamples, the promoter sequence is derived from a promoter 

selected from the group consisting of: minP, NFkB response element, CREB response 

element, NFAT response element, SRF response element 1, SRF response element 2, AP1 

response element, TCF-LEF response element promoter fusion, Hypoxia responsive element, 

SMAD binding element, STAT3 binding site, minCMV, YB_TATA, minTK, inducer 

molecule responsive promoters, and tandem repeats thereof. 

[00194] In some embodimentexamples, the ACP-responsive promoter is a synthetic 

promoter. 

[00195] In some embodimentexamples, the ACP-responsive promoter comprises a 

minimal promoter. 

[00196] In some embodimentexamples, the ACP-binding domain comprises one or more 

zinc finger binding sites. 

[00197] In some embodimentexamples, the first promoter is a constitutive promoter, an 

inducible promoter, or a synthetic promoter. 

[00198] In some embodimentexamples, the constitutive promoter is selected from the 

group consisting of: CMV, EFS, SFFV, SV40, MND, PGK, UbC, hEF1aV1, hCAGG, 

hEF1aV2, hACTb, heIF4A1, hGAPDH, hGRP78, hGRP94, hHSP70, hKINb, and hUBIb. 

[00199] In some embodimentexamples, each effector molecule is independently selected 

from a therapeutic class, wherein the therapeutic class is selected from the group consisting 

of: a cytokine, a chemokine, a homing molecule, a growth factor, a co-activation molecule, a 
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tumor microenvironment modifier a, a receptor, a ligand, an antibody, a polynucleotide, a 

peptide, and an enzyme. 

[00200] In some embodimentexamples, the cytokine is selected from the group consisting 

of: IL1-beta, IL2, IL4, IL6, IL7, IL10, IL12, an IL12p70 fusion protein, IL15, IL17A, IL18, 

IL21, IL22, Type I interferons, Interferon-gamma, and TNF-alpha. 

[00201] In some embodimentexamples, the chemokine is selected from the group 

consisting of: CCL21a, CXCL10, CXCL11, CXCL13, a CXCL10-CXCL11 fusion protein, 

CCL19, CXCL9, and XCL1. 

[00202] In some embodimentexamples, the homing molecule is selected from the group 

consisting of: anti-integrin alpha4,beta7; anti-MAdCAM; CCR9; CXCR4; SDFl; MMP-2; 

CXCR1; CXCR7; CCR2; and GPR15. 

[00203] In some embodimentexamples, the growth factor is selected from the group 

consisting of: FLT3L and GM-CSF. 

[00204] In some embodimentexamples, the co-activation molecule is selected from the 

group consisting of: c-Jun, 4-1BBL, and CD40L. 

[00205] In some embodimentexamples, the tumor microenvironment modifier is selected 

from the group consisting of: adenosine deaminase, TGFbeta inhibitors, immune checkpoint 

inhibitors, VEGF inhibitors, and HPGE2. 

[00206] In some embodimentexamples, the TGFbeta inhibitors are selected from the group 

consisting of: an anti-TGFbeta peptide, an anti-TGFbeta antibody, a TGFb-TRAP, and 

combinations thereof. 

[00207] In some embodimentexamples, the immune checkpoint inhibitors are selected 

from the group consisting of: anti-PD-1 antibodies, anti-PD-L1 antibodies, anti-PD-L2 

antibodies, anti-CTLA-4 antibodies, anti-LAG-3 antibodies, anti-TIM-3 antibodies, anti-

TIGIT antibodies, anti-VISTA antibodies, anti-KIR antibodies, anti-B7-H3 antibodies, anti-

B7-H4 antibodies, anti-HVEM antibodies, anti-BTLA antibodies, anti-GAL9 antibodies, anti-

A2AR antibodies, anti-phosphatidylserine antibodies, anti-CD27 antibodies, anti-TNFa 

antibodies, anti-TREMl antibodies, and anti-TREM2 antibodies. 

[00208] In some embodimentexamples, the VEGF inhibitors comprise anti-VEGF 

antibodies, anti-VEGF peptides, or combinations thereof. 

[00209] In some embodimentexamples, each effector molecule is a human-derived effector 

molecule. 

[00210] In some embodimentexamples, the cell further comprises a third expression 

cassette comprising a third promoter and a third exogenous polynucleotide sequence 
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encoding an antigen recognizing receptor, wherein the third promoter is operably linked to 

the third exogenous polynucleotide. 

[00211] In some embodimentexamples, the first exogenous polynucleotide sequence 

further encodes an antigen recognizing receptor. 

[00212] In another aspectexample, provided herein are engineered cells comprising: a first 

expression cassette comprising a first promoter and a first exogenous polynucleotide 

sequence encoding an activation-conditional control polypeptide (ACP) and an antigen 

recognizing receptor, wherein the first promoter is operably linked to the first exogenous 

polynucleotide; and a second expression cassette comprising an ACP-responsive promoter 

and a second exogenous polynucleotide sequence having the formula: (L – E)X wherein E 

comprises a polynucleotide sequence encoding an effector molecule, L comprises a linker 

polynucleotide sequence, X = 1 to 20, wherein the ACP-responsive promoter is operably 

linked to the second exogenous polynucleotide, wherein for the first iteration of the (L – E) 

unit, L is absent, and wherein the ACP is capable of inducing expression of the second 

expression cassette by binding to the ACP-responsive promoter. 

[00213] In another aspectexample, provided herein are engineered cells comprising: a first 

expression cassette comprising a first promoter and a first exogenous polynucleotide 

sequence encoding an antigen recognizing receptor, wherein the first promoter is operably 

linked to the first exogenous polynucleotide; and a second expression cassette comprising an 

activation-conditional control polypeptide-responsive (ACP-responsive) promoter and a 

second exogenous polynucleotide sequence having the formula: (L – E)X wherein E 

comprises a polynucleotide sequence encoding an effector molecule, L comprises a linker 

polynucleotide sequence, X = 1 to 20, wherein the ACP-responsive promoter is operably 

linked to the second exogenous polynucleotide, wherein for the first iteration of the (L – E) 

unit, L is absent. 

[00214] In some embodimentexamples, the cell further comprises a third expression 

cassette comprising a third promoter and a third exogenous polynucleotide sequence 

encoding an activation-conditional control polypeptide (ACP), wherein the third promoter is 

operably linked to the third exogenous polynucleotide. 

[00215] In some embodimentexamples, the ACP is capable of inducing expression of the 

second expression cassette by binding to the ACP-responsive promoter. 

[00216] In some embodimentexamples, the ACP is the antigen recognizing receptor and 

the ACP is capable of inducing expression of the second expression cassette following 

binding of the ACP to a cognate antigen. In some embodimentexamples, the ACP-responsive 
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promoter is an inducible promoter that is capable of being induced by the ACP binding to the 

cognate antigen. In some embodimentexamples, the ACP-responsive promoter is derived 

from a promoter region of a gene upregulated following binding of the ACP to the cognate 

antigen. 

[00217] In some embodimentexamples, the ACP is the antigen recognizing receptor and 

the ACP is capable of inducing expression of the second expression cassette by binding to its 

cognate antigen. 

[00218] In some embodimentexamples, the ACP-responsive promoter is an inducible 

promoter that is capable of being induced by the ACP binding to its cognate antigen. 

[00219] In some embodimentexamples, the ACP-responsive promoter is selected from the 

group consisting of a constitutive promoter, an inducible promoter, and a synthetic promoter. 

[00220] In some embodimentexamples, the ACP-responsive promoter comprises a 

minimal promoter. 

[00221] In some embodimentexamples, the ACP-binding domain comprises one or more 

zinc finger binding sites. 

[00222] In some embodimentexamples, the first exogenous polynucleotide sequence 

further comprises a third linker polynucleotide sequence localized between the region of the 

first exogenous polynucleotide sequence encoding the ACP and the region of the first 

exogenous polynucleotide sequence encoding the antigen recognizing receptor. In some 

embodimentexamples, the third linker polynucleotide sequence is operably associated with 

the translation of the ACP and the antigen recognizing receptor as separate polypeptides. In 

some embodimentexamples, the first promoter is operably linked to the first exogenous 

polynucleotide sequence encoding the ACP, third linker polynucleotide sequence, and 

antigen recognizing receptor.  

[00223] In some embodimentexamples, the cells further comprise a third linker 

polynucleotide sequence localized between the first expression cassette and the second 

expression cassette. 

[00224] In some embodimentexamples, the third linker polynucleotide sequence is 

operably associated with the translation of the antigen receptor and each effector molecule as 

separate polypeptides. 

[00225] In some embodimentexamples, the third linker polynucleotide sequence encodes a 

2A ribosome skipping tag. In some embodimentexamples, the 2A ribosome skipping tag is 

selected from the group consisting of: P2A, T2A, E2A, and F2A. In some 

embodimentexamples, the third linker polynucleotide sequence encodes an Internal 
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Ribosome Entry Site (IRES). In some embodimentexamples, the third linker polynucleotide 

sequence encodes a cleavable polypeptide. In some embodimentexamples, the cleavable 

polypeptide comprises a furin polypeptide sequence. 

[00226] In some embodimentexamples, the third linker polynucleotide sequence is 

operably associated with the translation of the ACP and the antigen recognizing receptor as 

separate polypeptides. 

[00227] In some embodimentexamples, the antigen recognizing receptor recognizes an 

antigen selected from the group consisting of: 5T4, ADAM9, AFP, AXL, B7-H3, B7-H4, B7-

H6, C4.4, CA6, Cadherin 3, Cadherin 6, CCR4, CD123, CD133, CD138, CD142, CD166, 

CD25, CD30, CD352, CD37, CD38, CD44, CD56, CD66e, CD70, CD71, CD74, CD79b, 

CD80, CEA, CEACAM5, Claudin18.2, cMet, CSPG4, CTLA, DLK1, DLL3, DR5, EGFR, 

ENPP3, EpCAM, EphA2, Ephrin A4, ETBR, FGFR2, FGFR3, FRalpha, FRb, GCC, GD2, 

GFRa4, gpA33, GPC3, gpNBM, GPRC5, HER2, IL-13R, IL-13Ra, IL-13Ra2, IL-8, IL-15, 

IL1RAP, Integrin aV, KIT, L1CAM, LAMP1, Lewis Y, LeY, LIV-1, LRRC, LY6E, MCSP, 

Mesothelin, MUC1, MUC16, MUC1C, NaPi2B, Nectin 4, NKG2D, NOTCH3, NY ESO 1, 

Ovarin, P-cadherin, pan-Erb2, PSCA, PSMA, PTK7, ROR1, S Aures, SCT, SLAMF7, 

SLITRK6, SSTR2, STEAP1, Survivin, TDGF1, TIM1, TROP2, and WT1. In some 

embodimentexamples, the antigen recognizing receptor recognizes GPC3. In some 

embodimentexamples, the antigen recognizing receptor recognizes mesothelin (MSLN). 

[00228] In some embodimentexamples, the antigen recognizing receptor comprises an 

antigen-binding domain. 

[00229] In some embodimentexamples, the antigen-binding domain that binds to GPC3 

comprises a heavy chain variable (VH) region and a light chain variable (VL) region, wherein 

the VH comprises: a heavy chain complementarity determining region 1 (CDR-H1) having 

the amino acid sequence of KNAMN (SEQ ID NO: 119), a heavy chain complementarity 

determining region 2 (CDR-H2) having the amino acid sequence of 

RIRNKTNNYATYYADSVKA (SEQ ID NO: 120), and a heavy chain complementarity 

determining region 3 (CDR-H3) having the amino acid sequence of GNSFAY (SEQ ID NO: 

121), and wherein the VL comprises: a light chain complementarity determining region 1 

(CDR-L1) having the amino acid sequence of KSSQSLLYSSNQKNYLA (SEQ ID NO: 

122), a light chain complementarity determining region 2 (CDR-L2) having the amino acid 

sequence of WASSRES (SEQ ID NO: 123), and a light chain complementarity determining 

region 3 (CDR-L3) having the amino acid sequence of QQYYNYPLT (SEQ ID NO: 124). 
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[00230] In some embodimentexamples, the VH region comprises an amino acid sequence 

with at least 90 %, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 

96%, at least 97%, at least 98%, at least 99%, or 100% identity to the amino acid sequence of  

EVQLVETGGGMVQPEGSLKLSCAASGFTFNKNAMNWVRQAPGKGLEWVARIRNKT

NNYATYYADSVKARFTISRDDSQSMLYLQMNNLKIEDTAMYYCVAGNSFA 

YWGQGTLVTVSA (SEQ ID NO: 125) or 

EVQLVESGGGLVQPGGSLRLSCAASGFTFNKNAMNWVRQAPGKGLEWVGRIRNKT

NNYATYYADSVKARFTISRDDSKNSLYLQMNSLKTEDTAVYYCVAGNSFAYWGQG

TLVTVSA (SEQ ID NO: 126). 

[00231] In some embodimentexamples, the VL region comprises an amino acid sequence 

with at least 90 %, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 

96%, at least 97%, at least 98%, at least 99%, or 100% identity to the amino acid sequence of 

DIVMSQSPSSLVVSIGEKVTMTCKSSQSLLYSSNQKNYLAWYQQKPGQSPKLLIYWA

SSRESGVPDRFTGSGSGTDFTLTISSVKAEDLAVYYCQQYYNYPLTFGAGTKLELK 

(SEQ ID NO: 127), or 

DIVMTQSPDSLAVSLGERATINCKSSQSLLYSSNQKNYLAWYQQKPGQPPKLLIYWA

SSRESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQYYNYPLTFGQGTKLEIK 

(SEQ ID NO: 128). 

[00232] In some embodimentexamples, the antigen-binding domain that binds to MSLN 

comprises the three complementarity determining regions (CDRs) of a single-domain 

monoclonal antibody having the amino acid sequence of: 

QVQLVESGGGTVQAGGSLKLACAASGLPRTYNVMGWFRQAPGKEREGVAIIYTTTG

ATYYRDSVKGRATISQDNAKKSVSLQMNSLRPEDTAIYYCVARQPNSGPWEYWGQ

GTQVTVSS (SEQ ID NO: 129), or  

).  

[00233] In some embodimentexamples, the antigen-binding domain comprises an 

antibody, an antigen-binding fragment of an antibody, a F(ab) fragment, a F(ab') fragment, a 

single chain variable fragment (scFv), or a single-domain antibody (sdAb). 

[00234] In some embodimentexamples, the antigen-binding domain comprises a single 

chain variable fragment (scFv). 

[00235] QVKLEESGGGSVQAGGSLRLSCTTSGYTNSYKWMGWFRQAPGQEREGV

AVIYTGNDRTYYSDSVKGRFTISRDNAKNMIYLDMTRLRPEDSAVYECAIGHDGAW

RYWGQGTQVTVSS (SEQ ID NO: 130In some embodimentexamples, the scFv comprises 

a heavy chain variable domain (VH) and a light chain variable domain (VL). 
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[00236] In some embodimentexamples, the VH and VL are separated by a peptide linker. 

[00237] In some embodimentexamples, the scFv comprises the structure VH-L-VL or VL-

L-VH, wherein VH is the heavy chain variable domain, L is the peptide linker, and VL is the 

light chain variable domain. 

[00238] In some embodimentexamples, the antigen recognizing receptor is a chimeric 

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

[00239] In some embodimentexamples, the antigen recognizing receptor is a CAR. 

[00240] In some embodimentexamples, the CAR comprises one or more intracellular 

signaling domains, and the one or more intracellular signaling domains are selected from the 

group consisting of: a CD3zeta-chain intracellular signaling domain, a CD97 intracellular 

signaling domain, a CD11a-CD18 intracellular signaling domain, a CD2 intracellular 

signaling domain, an ICOS intracellular signaling domain, a CD27 intracellular signaling 

domain, a CD154 intracellular signaling domain, a CD8 intracellular signaling domain, an 

OX40 intracellular signaling domain, a 4-1BB intracellular signaling domain, a CD28 

intracellular signaling domain, a ZAP40 intracellular signaling domain, a CD30 intracellular 

signaling domain, a GITR intracellular signaling domain, an HVEM intracellular signaling 

domain, a DAP10 intracellular signaling domain, a DAP12 intracellular signaling domain, 

and a MyD88 intracellular signaling domain. 

[00241] In some embodimentexamples, the CAR comprises a transmembrane domain, and 

the transmembrane domain is selected from the group consisting of: a CD8 transmembrane 

domain, a CD28 transmembrane domain a CD3zeta-chain transmembrane domain, a CD4 

transmembrane domain, a 4-1BB transmembrane domain, an OX40 transmembrane domain, 

an ICOS transmembrane domain, a CTLA-4 transmembrane domain, a PD-1 transmembrane 

domain, a LAG-3 transmembrane domain, a 2B4 transmembrane domain, a BTLA 

transmembrane domain, an OX40 transmembrane domain, a DAP10 transmembrane domain, 

a DAP12 transmembrane domain, a CD16a transmembrane domain, a DNAM-1 

transmembrane domain, a KIR2DS1 transmembrane domain, a KIR3DS1 transmembrane 

domain, an NKp44 transmembrane domain, an NKp46 transmembrane domain, an FceRlg 

transmembrane domain, and an NKG2D transmembrane domain. 

[00242] In some embodimentexamples, the CAR comprises a spacer region between the 

antigen-binding domain and the transmembrane domain. 

[00243] In some embodimentexamples, the ACP is a transcriptional modulator. 

[00244] In some embodimentexamples, the ACP is a transcriptional repressor. 

[00245] In some embodimentexamples, the ACP is a transcriptional activator. 
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[00246] In some embodimentexamples, the ACP further comprises a repressible protease 

and one or more cognate cleavage sites of the repressible protease. 

[00247] In some embodimentexamples, the ACP further comprises a hormone-binding 

domain of estrogen receptor (ERT2 domain). 

[00248] In some embodimentexamples, the ACP is a transcription factor. 

[00249] In some embodimentexamples, the ACP is a zinc-finger-containing transcription 

factor. 

[00250] In some embodimentexamples, the transcription factor comprises a DNA-binding 

zinc finger protein domain (ZF protein domain) and an effector domain. 

[00251] In some embodimentexamples, the ZF protein domain is modular in design and is 

composed of zinc finger arrays (ZFA). 

[00252] In some embodimentexamples, the ZF protein domain comprises one to ten ZFA. 

[00253] In some embodimentexamples, the effector domain is selected from the group 

consisting of: a Herpes Simplex Virus Protein 16 (VP16) activation domain; an activation 

domain consisting of four tandem copies of VP16, a VP64 activation domain; a p65 

activation domain of NFκB; an Epstein-Barr virus R transactivator (Rta) activation domain; a 

tripartite activator consisting of the VP64, the p65, and the Rta activation domains, the 

tripartite activator is known as a VPR activation domain; a histone acetyltransferase (HAT) 

core domain of the human E1A-associated protein p300, known as a p300 HAT core 

activation domain; a Krüppel associated box (KRAB) repression domain; a truncated Krüppel 

associated box (KRAB) repression domain; a Repressor Element Silencing Transcription 

Factor (REST) repression domain; a WRPW motif (SEQ ID NO: 162) of the hairy-related 

basic helix-loop-helix repressor proteins, the motif is known as a WRPW repression domain 

("WRPW" disclosed as SEQ ID NO: 162); a DNA (cytosine-5)-methyltransferase 3B 

(DNMT3B) repression domain; and an HP1 alpha chromoshadow repression domain. 

[00254] In some embodimentexamples, the one or more cognate cleavage sites of the 

repressible protease are localized between the ZF protein domain and the effector domain.  

[00255] In some embodimentexamples, the repressible protease is a hepatitis C virus 

(HCV) nonstructural protein 3 (NS3). 

[00256] In some embodimentexamples, the cognate cleavage site comprises an NS3 

protease cleavage site. 

[00257] In some embodimentexamples, the NS3 protease cleavage site comprises a 

NS3/NS4A, a NS4A/NS4B, a NS4B/NS5A, or a NS5A/NS5B junction cleavage site. 
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[00258] In some embodimentexamples, the NS3 protease can be repressed by a protease 

inhibitor. 

[00259] In some embodimentexamples, the protease inhibitor is selected from the group 

consisting of: simeprevir, danoprevir, asunaprevir, ciluprevir, boceprevir, sovaprevir, 

paritaprevir, telaprevir, grazoprevir, glecaprevir, and voxiloprevir. In some 

embodimentexamples, the protease inhibitor is grazoprevir. In some embodimentexamples, 

the protease inhibitor is grazoprevir and and elbasvir. In some embodimentexamples, wherein 

the grazoprevir and the elbasvir is co-formulated in a pharmaceutical composition. In some 

embodimentexamples, the pharmaceutical composition is a tablet. In some 

embodimentexamples, the grazoprevir and the elbasvir are at a 2 to 1 weight ratio. In some 

embodimentexamples, the grazoprevir is 100 mg per unit dose and the elbasvir is 50 mg per 

unit dose. 

[00260] In some embodimentexamples, the ACP is capable of undergoing nuclear 

localization upon binding of the ERT2 domain to tamoxifen or a metabolite thereof. 

[00261] In some embodimentexamples, the tamoxifen metabolite is selected from the 

group consisting of: 4-hydroxytamoxifen, N-desmethyltamoxifen, tamoxifen-N-oxide, and 

endoxifen. 

[00262] In some embodimentexamples, the ACP further comprises a degron, and wherein 

the degron is operably linked to the ACP. 

[00263] In some embodimentexamples, the degron is selected from the group consisting of 

HCV NS4 degron, PEST (two copies of residues 277-307 of human IκBα), GRR (residues 

352-408 of human p105), DRR (residues 210-295 of yeast Cdc34), SNS (tandem repeat of 

SP2 and NB (SP2-NB-SP2 of influenza A or influenza B), RPB (four copies of residues 

1688-1702 of yeast RPB), SPmix (tandem repeat of SP1 and SP2 (SP2-SP1-SP2-SP1-SP2 of 

influenza A virus M2 protein), NS2 (three copies of residues 79-93 of influenza A virus NS 

protein), ODC (residues 106-142 of ornithine decarboxylase), Nek2A, mouse ODC (residues 

422–461), mouse ODC_DA (residues 422-461 of mODC including D433A and D434A point 

mutations), an APC/C degron, a COP1 E3 ligase binding degron motif, a CRL4-Cdt2 binding 

PIP degron, an actinfilin-binding degron, a KEAP1 binding degron, a KLHL2 and KLHL3 

binding degron, an MDM2 binding motif, an N-degron, a hydroxyproline modification in 

hypoxia signaling, a phytohormone-dependent SCF-LRR-binding degron, an SCF ubiquitin 

ligase binding phosphodegron, a phytohormone-dependent SCF-LRR-binding degron, a 

DSGxxS phospho-dependent degron (SEQ ID NO: 163), an Siah binding motif, an SPOP 

SBC docking motif, and a PCNA binding PIP box. 
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[00264] In some embodimentexamples, the degron comprises a cereblon (CRBN) 

polypeptide substrate domain capable of binding CRBN in response to an 

immunomodulatory drug (IMiD) thereby promoting ubiquitin pathway-mediated degradation 

of the ACP. 

[00265] In some embodimentexamples, the CRBN polypeptide substrate domain is 

selected from the group consisting of: IKZF1, IKZF3, CKla, ZFP91, GSPT1, MEIS2, GSS 

E4F1, ZN276, ZN517, ZN582, ZN653, ZN654, ZN692, ZN787, and ZN827, or a fragment 

thereof that is capable of drug-inducible binding of CRBN. 

[00266] In some embodimentexamples, the CRBN polypeptide substrate domain is a 

chimeric fusion product of native CRBN polypeptide sequences. 

[00267] In some embodimentexamples, the CRBN polypeptide substrate domain is a 

IKZF3/ZFP91/IKZF3 chimeric fusion product having the amino acid sequence of 

FNVLMVHKRSHTGERPLQCEICGFTCRQKGNLLRHIKLHTGEKPFKCHLCNYACQRR

DAL (SEQ ID NO: 131). 

[00268] In some embodimentexamples, the IMiD is an FDA-approved drug. 

[00269] In some embodimentexamples, the IMiD is selected from the group consisting of: 

thalidomide, lenalidomide, and pomalidomide. 

[00270] In some embodimentexamples, the degron is localized 5’ of the repressible 

protease, 3’ of the repressible protease, 5’ of the ZF protein domain, 3’ of the ZF protein 

domain, 5’ of the effector domain, or 3’ of the effector domain. 

[00271] In some embodimentexamples, the engineered nucleic acid further comprises an 

insulator. 

[00272] In some embodimentexamples, the insulator is localized between the first 

expression cassette and the second expression cassette. 

[00273] In some embodimentexamples, the first expression cassette is localized in the 

same orientation relative to the second expression cassette. 

[00274] In some embodimentexamples, the first expression cassette is localized in the 

opposite orientation relative to the second expression cassette. 

[00275] In some embodimentexamples, the cell further comprises a third expression 

cassette comprising a third promoter and a third exogenous polynucleotide sequence having 

the formula: (L – E)X wherein E comprises a polynucleotide sequence encoding an effector 

molecule, L comprises a linker polynucleotide sequence, X = 1 to 20, wherein the third 

promoter is operably linked to the third exogenous polynucleotide, and wherein for the first 

iteration of the (L – E) unit, L is absent.  
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[00276] In some embodimentexamples, when the third expression cassette comprises two 

or more units of (L – E)X, each L linker polynucleotide sequence is operably associated with 

the translation of each effector molecule as a separate polypeptide. 

[00277] In some embodimentexamples, each linker polynucleotide sequence encodes a 2A 

ribosome skipping tag. 

[00278] In some embodimentexamples, the 2A ribosome skipping tag is selected from the 

group consisting of: P2A, T2A, E2A, and F2A. 

[00279] In some embodimentexamples, each linker polynucleotide sequence encodes an 

Internal Ribosome Entry Site (IRES). 

[00280] In some embodimentexamples, the linker polynucleotide sequence encodes a 

cleavable polypeptide. 

[00281] In some embodimentexamples, the cleavable polypeptide comprises a furin 

polypeptide sequence. 

[00282] In some embodimentexamples, the third expression cassette comprising one or 

more units of (L – E)X further comprises a polynucleotide sequence encoding a secretion 

signal peptide. 

[00283] In some embodimentexamples, for each X the corresponding secretion signal 

peptide is operably associated with the effector molecule. 

[00284] In some embodimentexamples, each secretion signal peptide comprises a native 

secretion signal peptide native to the corresponding effector molecule. 

[00285] In some embodimentexamples, each secretion signal peptide comprises a non-

native secretion signal peptide that is non-native to the corresponding effector molecule. 

[00286] In some embodimentexamples, the non-native secretion signal peptide is selected 

from the group consisting of: IL12, IL2, optimized IL2, trypsiongen-2, Gaussia luciferase, 

CD5, CD8, human IgKVII, murine IgKVII, VSV-G, prolactin, serum albumin preprotein, 

azurocidin preprotein, osteonectin, CD33, IL6, IL8, CCL2, TIMP2, VEGFB, osteoprotegerin, 

serpin E1, GROalpha, GM-CSFR, GM-CSF, and CXCL12. 

[00287] In some embodimentexamples, the additional promoter is a constitutive promoter, 

an inducible promoter, or a synthetic promoter. 

[00288] In some embodimentexamples, the additional promoter is a constitutive promoter 

selected from the group consisting of: CMV, EFS, SFFV, SV40, MND, PGK, UbC, 

hEF1aV1, hCAGG, hEF1aV2, hACTb, heIF4A1, hGAPDH, hGRP78, hGRP94, hHSP70, 

hKINb, and hUBIb. 
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[00289] In some embodimentexamples, each effector molecule is independently selected 

from a therapeutic class, wherein the therapeutic class is selected from the group consisting 

of: a cytokine, a chemokine, a homing molecule, a growth factor, a co-activation molecule, a 

tumor microenvironment modifier a, a receptor, a ligand, an antibody, a polynucleotide, a 

peptide, and an enzyme. 

[00290] In some embodimentexamples, the cytokine is selected from the group consisting 

of: IL1-beta, IL2, IL4, IL6, IL7, IL10, IL12, an IL12p70 fusion protein, IL15, IL17A, IL18, 

IL21, IL22, Type I interferons, Interferon-gamma, and TNF-alpha. 

[00291] In some embodimentexamples, the chemokine is selected from the group 

consisting of: CCL21a, CXCL10, CXCL11, CXCL13, a CXCL10-CXCL11 fusion protein, 

CCL19, CXCL9, and XCL1. 

[00292] In some embodimentexamples, the homing molecule is selected from the group 

consisting of: anti-integrin alpha4,beta7; anti-MAdCAM; CCR9; CXCR4; SDFl; MMP-2; 

CXCR1; CXCR7; CCR2; and GPR15. 

[00293] In some embodimentexamples, the growth factor is selected from the group 

consisting of: FLT3L and GM-CSF. 

[00294] In some embodimentexamples, the co-activation molecule is selected from the 

group consisting of: c-Jun, 4-1BBL, and CD40L. 

[00295] In some embodimentexamples, the tumor microenvironment modifier is selected 

from the group consisting of: adenosine deaminase, TGFbeta inhibitors, immune checkpoint 

inhibitors, VEGF inhibitors, and HPGE2. 

[00296] In some embodimentexamples, the TGFbeta inhibitors are selected from the group 

consisting of: an anti-TGFbeta peptide, an anti-TGFbeta antibody, a TGFb-TRAP, and 

combinations thereof. 

[00297] In some embodimentexamples, the immune checkpoint inhibitors are selected 

from the group consisting of: anti-PD-1 antibodies, anti-PD-L1 antibodies, anti-PD-L2 

antibodies, anti-CTLA-4 antibodies, anti-LAG-3 antibodies, anti-TIM-3 antibodies, anti-

TIGIT antibodies, anti-VISTA antibodies, anti-KIR antibodies, anti-B7-H3 antibodies, anti-

B7-H4 antibodies, anti-HVEM antibodies, anti-BTLA antibodies, anti-GAL9 antibodies, anti-

A2AR antibodies, anti-phosphatidylserine antibodies, anti-CD27 antibodies, anti-TNFa 

antibodies, anti-TREMl antibodies, and anti-TREM2 antibodies. 

[00298] In some embodimentexamples, the VEGF inhibitors comprise anti-VEGF 

antibodies, anti-VEGF peptides, or combinations thereof. 
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[00299] In some embodimentexamples, each effector molecule is a human-derived effector 

molecule. 

[00300] In some embodimentexamples, the cell is selected from the group consisting of: a 

T cell, a CD8+ T cell, a CD4+ T cell, a gamma-delta T cell, a cytotoxic T lymphocyte (CTL), 

a regulatory T cell, a Natural Killer T (NKT) cell, a Natural Killer (NK) cell, a B cell, a 

tumor-infiltrating lymphocyte (TIL), an innate lymphoid cell, a mast cell, an eosinophil, a 

basophil, a neutrophil, a myeloid cell, a macrophage, a monocyte, a dendritic cell, an 

erythrocyte, a platelet cell, a human embryonic stem cell (ESC), an ESC-derived cell, a 

pluripotent stem cell, a mesenchymal stromal cell (MSC), an induced pluripotent stem cell 

(iPSC), and an iPSC-derived cell. In some embodimentexamples, the cell is a Natural Killer 

(NK) cell. 

[00301] In some embodimentexamples, the cell is autologous. 

[00302] In some embodimentexamples, the cell is allogeneic. 

[00303] In some embodimentexamples, the cell is a tumor cell selected from the group 

consisting of: an adenocarcinoma cell, a bladder tumor cell, a brain tumor cell, a breast tumor 

cell, a cervical tumor cell, a colorectal tumor cell, an esophageal tumor cell, a glioma cell, a 

kidney tumor cell, a liver tumor cell, a lung tumor cell, a melanoma cell, a mesothelioma cell, 

an ovarian tumor cell, a pancreatic tumor cell, a gastric tumor cell, a testicular yolk sac tumor 

cell, a prostate tumor cell, a skin tumor cell, a thyroid tumor cell, and a uterine tumor cell. 

[00304] In some embodimentexamples, the cell was engineered via transduction with an 

oncolytic virus. 

[00305] In some embodimentexamples, the oncolytic virus is selected from the group 

consisting of: an oncolytic herpes simplex virus, an oncolytic adenovirus, an oncolytic 

measles virus, an oncolytic influenza virus, an oncolytic Indiana vesiculovirus, an oncolytic 

Newcastle disease virus, an oncolytic vaccinia virus, an oncolytic poliovirus, an oncolytic 

myxoma virus, an oncolytic reovirus, an oncolytic mumps virus, an oncolytic Maraba virus, 

an oncolytic rabies virus, an oncolytic rotavirus, an oncolytic hepatitis virus, an oncolytic 

rubella virus, an oncolytic dengue virus, an oncolytic chikungunya virus, an oncolytic 

respiratory syncytial virus, an oncolytic lymphocytic choriomeningitis virus, an oncolytic 

morbillivirus, an oncolytic lentivirus, an oncolytic replicating retrovirus, an oncolytic 

rhabdovirus, an oncolytic Seneca Valley virus, an oncolytic sindbis virus, and any variant or 

derivative thereof. 

[00306] In some embodimentexamples, the oncolytic virus is a recombinant oncolytic 

virus comprising the first expression cassette and the second expression cassette. 
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[00307] In some embodimentexamples, the cell is a bacterial cell selected from the group 

consisting of: Clostridium beijerinckii, Clostridium sporogenes, Clostridium novyi, 

Escherichia coli, Pseudomonas aeruginosa, Listeria monocytogenes, Salmonella 

typhimurium, and Salmonella choleraesuis. 

[00308] In another aspectexample, provided herein are compositions comprising the 

engineered cells, and a pharmaceutically acceptable carrier. 

[00309] In another aspectexample, provided herein are methods of treating a subject in 

need thereof, the method comprising administering a therapeutically effective dose of any of 

the engineered cells or the compositions. 

[00310] In another aspectexample, provided herein are methods of stimulating a cell-

mediated immune response to a tumor cell in a subject, the method comprising administering 

to a subject having a tumor a therapeutically effective dose of any of the engineered cells or 

the compositions. 

[00311] In another aspectexample, provided herein are methods of providing an anti-tumor 

immunity in a subject, the method comprising administering to a subject in need thereof a 

therapeutically effective dose of any of the engineered cells or the compositions. 

[00312] In another aspectexample, provided herein are methods of treating a subject 

having cancer, the method comprising administering a therapeutically effective dose of any 

of the engineered cells or the compositions. 

[00313] In another aspectexample, provided herein are methods of reducing tumor volume 

in a subject, the method comprising administering to a subject having a tumor a composition 

comprising any of the engineered cells or the compositions. 

[00314] In some embodimentexamples, the administering comprises systemic 

administration. 

[00315] In some embodimentexamples, the administering comprises intratumoral 

administration. 

[00316] In some embodimentexamples, the engineered cell is derived from the subject. 

[00317] In some embodimentexamples, the engineered cell is allogeneic with reference to 

the subject. 

[00318] In some embodimentexamples, the method further comprises administering a 

checkpoint inhibitor. 

[00319] In some embodimentexamples, the checkpoint inhibitor is selected from the group 

consisting of: an anti-PD-1 antibody, an anti-PD-L1 antibody, an anti-PD-L2 antibody, an 

anti-CTLA-4 antibody, an anti-LAG-3 antibody, an anti-TIM-3 antibody, an anti-TIGIT 
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antibody, an anti-VISTA antibody, an anti-KIR antibody, an anti-B7-H3 antibody, an anti-

B7-H4 antibody, an anti-HVEM antibody, an anti-BTLA antibody, an anti-GAL9 antibody, 

an anti-A2AR antibody, an anti-phosphatidylserine antibody, an anti-CD27 antibody, an anti-

TNFa antibody, an anti-TREM1 antibody, and an anti-TREM2 antibody. 

[00320] In some embodimentexamples, the method further comprises administering an 

anti-CD40 antibody. 

[00321] In some embodimentexamples, the tumor is selected from the group consisting of: 

an adenocarcinoma, a bladder tumor, a brain tumor, a breast tumor, a cervical tumor, a 

colorectal tumor, an esophageal tumor, a glioma, a kidney tumor, a liver tumor, a lung tumor, 

a melanoma, a mesothelioma, an ovarian tumor, a pancreatic tumor, a gastric tumor, a 

testicular yolk sac tumor, a prostate tumor, a skin tumor, a thyroid tumor, and a uterine 

tumor. 

[00322] In some embodimentexamples, the method further comprises administering a 

protease inhibitor. In some embodimentexamples, the protease inhibitor is administered in a 

sufficient amount to repress a repressible protease. In some embodimentexamples, the 

protease inhibitor is administered prior to, concurrently with, subsequent to administration of 

the engineered cells or the composition comprising the engineered cells. In some 

embodimentexamples, the protease inhibitor is selected from the group consisting of: 

simeprevir, danoprevir, asunaprevir, ciluprevir, boceprevir, sovaprevir, paritaprevir, 

telaprevir, grazoprevir, glecaprevir, and voxiloprevir. In some embodimentexamples, the 

protease inhibitor is grazoprevir. In some embodimentexamples, the protease inhibitor is 

grazoprevir and and elbasvir. In some embodimentexamples, wherein the grazoprevir and the 

elbasvir is co-formulated in a pharmaceutical composition. In some embodimentexamples, 

the pharmaceutical composition is a tablet. In some embodimentexamples, the grazoprevir 

and the elbasvir are at a 2 to 1 weight ratio. In some embodimentexamples, the grazoprevir is 

100 mg per unit dose and the elbasvir is 50 mg per unit dose. 

[00323] In some embodimentexamples, the method further comprises administering 

tamoxifen or a metabolite thereof. In some embodimentexamples, the tamoxifen metabolite is 

selected from the group consisting of: 4-hydroxytamoxifen, N-desmethyltamoxifen, 

tamoxifen-N-oxide, and endoxifen. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[00324] These and other features, aspects, and advantages of the present disclosure will 

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

drawings. 

[00325] FIG. 1A provides a diagram of an exemplary regulatable TF protein and TF 

inducible gene with a minCMV promoter and an mCherry gene  

[00326] FIG. 1B shows expression of the mCherry protein in cells expressing both the 

regulatable TF and the mCherry vector in the presence or absence of asunaprevir.  

[00327] FIG. 1C provides a diagram of an exemplary regulatable TF protein and 

regulatable TF inducible gene with a minYB_TATA promoter and an mCherry gene.  

[00328] FIG. 1D shows expression of the mCherry protein in cells expressing both the 

regulatable TF and the mCherry vector in the presence or absence of asunaprevir. 

[00329] FIG. 2A provides a diagram of an exemplary single vector expressing a 

regulatable TF and a regulatable TF inducible gene with a minTK promoter and an IL-10 

gene.  

[00330] FIG. 2B shows IL-10 production in cells expressing the regulatable TF and IL-10 

vector in the presence or absence of asunaprevir. 

[00331] FIG. 3A provides a diagram of an exemplary single vector expressing a 

regulatable TF and a regulatable TF inducible gene with a minTK promoter and an IL-12 

gene.  

[00332] FIG. 3B shows IL-12 production in cells expressing the regulatable TF and IL-12 

vector in the presence or absence of asunaprevir. 

[00333] FIG. 4A provides a diagram of an exemplary single vector expressing a 

regulatable TF linked to a myc-tagged CAR gene and a regulatable TF inducible gene with a 

minYB_TATA promoter and an mCherry gene.  

[00334] FIG. 4B shows expression of the CAR in cells expressing the regulatable TF and 

mCherry vector in the presence and absence of asunaprevir.  

[00335] FIG. 4C shows expression of mCherry in cells expressing the regulatable TF and 

mCherry vector in the presence or absence of asunaprevir. 

[00336] FIG. 5 provides additional exemplary vectors for regulatable TF and effector gene 

expression in a single vector system. 

[00337] FIG. 6A shows a schematic of a GPC3 CAR construct (“1106”). 

[00338] FIG. 6B shows the CAR transduction profile in combination with various 

constructs as assessed by flow cytometry. 
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[00339] FIG. 7 shows the transduction profile of various constructs as assessed YFP MFI 

(top panel) and percentage (bottom panel).  

[00340] FIG. 8A shows IL-12 production of various constructs with (right) or without 

(left) co-expression of a CAR. 

[00341] FIG. 8B shows IL-15 production of various constructs with (right) or without 

(left) co-expression of a CAR. 

[00342] FIG. 8C shows IL-21 production of various constructs with (right) or without 

(left) co-expression of a CAR. 

[00343] FIG. 9A shows IL-12 production of various constructs with (bottom) or without 

(top) co-culturing with target HepG2 cells. 

[00344] FIG. 9B shows IL-15 production of various constructs with (bottom) or without 

(top) co-culturing with target HepG2 cells. 

[00345] FIG. 9C shows IL-21 production of various constructs with (bottom) or without 

(top) co-culturing with target HepG2 cells. 

[00346] FIG. 10A shows TNFa production of various constructs with (bottom) or without 

(top) co-culturing with target HepG2 cells. 

[00347] FIG. 10B shows IFNg production of various constructs with (bottom) or without 

(top) co-culturing with target HepG2 cells. 

[00348] FIG. 10C shows IL-2 production of various constructs with (bottom) or without 

(top) co-culturing with target HepG2 cells. 

[00349] FIG. 11A shows a schematic of a GPC3 CAR construct (“1108”). 

[00350] FIG. 11B shows the CAR transduction profile in combination with various 

constructs as assessed by flow cytometry. 

[00351] FIG. 12 shows tumor sizes as assessed by BLI measurement on days 11, 14, 21, 

and 24 for mice treated with T cells transduced with various constructs. FIG. 13C – IL-15; 

FIG. 13D – IL-12; FIG. 13E – IL-21) 

[00352] FIG. 13A shows individual mice treated T cells without virus (FIG. 13A – left 

panel) or GPC3-CAR T alone without a cytokine (FIG. 13A – right panel). 

[00353] FIG. 13B shows individual mice treated with GPC3-CAR T engineered with an 

IL-12/IL-21 co-expression armoring. 

[00354] FIG. 13C shows individual mice treated with GPC3-CAR T engineered with an 

IL-15 armoring. 

[00355] FIG. 13D shows individual mice treated with GPC3-CAR T engineered with an 

IL-12 armoring. 
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[00356] FIG. 13E shows individual mice treated with GPC3-CAR T engineered with an 

IL-21 armoring. 

[00357] FIG. 14A shows production of TNFα as assessed in plasma of mice treated with 

various constructs at Day 3 (top panel) and Day 13 (bottom panel) post treatment. 

[00358] FIG. 14B shows production of IFNγ as assessed in plasma of mice treated with 

various constructs at Day 3 (top panel) and Day 13 (bottom panel) post treatment. 

[00359] FIG. 14C shows production of IL-2 as assessed in plasma of mice treated with 

various constructs at Day 3 (top panel) and Day 13 (bottom panel) post treatment. 

[00360] FIG. 15A shows production of IL-12 as assessed in plasma of mice treated with 

various constructs at Day 3 (top panel) and Day 10 (bottom panel) post treatment. 

[00361] FIG. 15B shows production of IL-15 as assessed in plasma of mice treated with 

various constructs at Day 3 (top panel) and Day 10 (bottom panel) post treatment. 

[00362] FIG. 15C shows production of IL-21 as assessed in plasma of mice treated with 

various constructs at Day 3 (top panel) and Day 10 (bottom panel) post treatment. 

[00363] FIG. 16A shows tumor size (left panel) and human T cell persistence (right panel) 

for T cells engineered with various constructs at day 14 post tumor injection (Day 3 post T 

cell treatment). 

[00364] FIG. 16B shows tumor size (left panel) and human T cell persistence (right panel) 

for T cells engineered with various constructs at day 21 post tumor injection (Day 13 post T 

cell treatment) 

[00365] FIG. 17A shows schematics of various payload expression systems using a 

Tamoxifen-based regulatable TF expression system. 

[00366] FIG. 17B shows reporter expression using various Tamoxifen-based regulatable 

TF expression systems following treatment with different amounts of 4-OHT. 

[00367] FIG. 17C shows reporter expression using various Tamoxifen-based regulatable 

TF expression systems following treatment with different amounts of N-desmethyltamoxifen. 

[00368] FIG. 17D shows reporter expression using various Tamoxifen-based regulatable 

TF expression systems following treatment with different amounts of endoxifen. 

[00369] FIG. 17E shows a summary of reporter expression using various Tamoxifen-

based regulatable TF expression systems following treatment. 

[00370] FIG. 18 shows a summary of CAR expression using various Tamoxifen-based 

regulatable TF expression systems following treatment. 

[00371] FIG. 19 shows flow cytometry plots of CAR expression using various Tamoxifen-

based regulatable TF expression systems following treatment 
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[00372] FIG. 20 shows schematics of various payload expression systems using drug-

inducible ACP-based regulatable TF expression systems. 

[00373] FIG. 21 shows schematics of various payload expression systems using drug-

inducible ACP-based regulatable TF expression systems. 

[00374] FIG. 22 shows CAR expression using various drug-inducible ACP-based 

regulatable TF expression systems. 

[00375] FIG. 23A shows reporter expression using a specific drug-inducible ACP-based 

regulatable TF expression system. 

[00376] FIG. 23B shows CAR expression using a specific drug-inducible ACP-based 

regulatable TF expression system. 

[00377] FIG. 24A shows reporter expression using a specific drug-inducible ACP-based 

regulatable TF expression system. 

[00378] FIG. 24B shows CAR expression using a specific drug-inducible ACP-based 

regulatable TF expression system. 

[00379] FIG. 25 shows a schematic of an ACP for drug-inducible formats (also referred to 

as “synTF”) using an NS3/NS4 protease cleavage site and a VPR transcriptional effector 

domain (Construct “1845”) as well as the expression cassette using a 4x BS minYB-TATA 

ACP-responsive promoter driving hIL-12 effector molecule payload. 

[00380] FIG. 26 shows in vitro production of hIL-12 using an ACP-based regulatable 

expression system. Columns are no drug, 0.1µM GRZ, and 0.5µM GRZ from left to right, 

respectively. 

[00381] FIG. 27 shows the experimental design used to assessed ACP-based regulatable 

expression systems in vivo. 

[00382] FIG. 28 shows fold-expansion of T cells engineered with a constitutive hIL-12 

expression system or an ACP-based regulatable expression system in vivo. 

[00383] FIG. 29 shows the glucose profile of T cells engineered with a constitutive hIL-12 

expression system or an ACP-based regulatable expression system in vivo. 

[00384] FIG. 30 shows the percentage of circulating T cells engineered with a constitutive 

hIL-12 expression system or an ACP-based regulatable expression system in vivo. 

[00385] FIG. 31 shows the production of hIL-12 in plasma produced by T cells engineered 

with a constitutive hIL-12 expression system or an ACP-based regulatable expression system 

in vivo. 

[00386] FIG. 32 shows schematics of various payload expression systems using drug-

inducible ACP-based regulatable TF expression systems. 
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[00387] FIG. 33 shows in vitro production of hIL-12 by T cells transduced with various 

ACP-based regulatable expression systems following treatment with various concentrations 

of grazoprevir. 

[00388] FIG. 34 shows in vitro production of hIL-15 by T cells transduced with various 

ACP-based regulatable expression systems following treatment with various concentrations 

of grazoprevir. 

[00389] FIG. 35 shows CAR expression in T cells transduced with various drug-inducible 

ACP-based regulatable TF expression systems. 

[00390] FIG. 36 shows CAR activity using various drug-inducible ACP-based regulatable 

TF expression systems as assessed by target cell killing (LDH release). 

[00391] FIG. 37 shows in vitro production of hIL-12 by NK cells transduced with various 

ACP-based regulatable expression systems following treatment with various concentrations 

of grazoprevir. 

[00392] FIG. 38 shows schematics of various payload expression systems using drug-

inducible ACP-based regulatable TF expression systems. 

[00393] FIG. 39 shows in vitro production of hIL-12 by T cells transduced with various 

ACP-based regulatable expression systems following treatment with various concentrations 

of grazoprevir. 

[00394] FIG. 40 shows in vitro production of hIL-15 by T cells transduced with various 

ACP-based regulatable expression systems following treatment with various concentrations 

of grazoprevir. 

[00395] FIG. 41 shows in vitro production of hIL-15 by T cells transduced with various 

ACP-based regulatable expression systems following treatment with various concentrations 

of grazoprevir. 

[00396] FIG. 42 shows the T cells in the blood (hCD3+:hCD45+ shown as % of live cells) 

engineered with a constitutive hIL-12 expression system or a drug-inducible ACP-based 

regulatable expression system in vivo over a time course (Day 4 top panel; Day 8 middle 

panel; Day 12 bottom panel) for various grazoprevir dosing regimens. *Samples of 2 groups 

were lost and not included in the analysis. 

[00397] FIG. 43 shows the production of hIL-12 in plasma produced by T cells engineered 

with a constitutive hIL-12 expression system or a drug-inducible ACP-based regulatable 

expression system in vivo for various grazoprevir dosing regimens at Day 4. 

[00398] FIG. 44 shows the production of hIL-12 in plasma produced by T cells engineered 

with a constitutive hIL-12 expression system or a drug-inducible ACP-based regulatable 
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expression system in vivo for various grazoprevir dosing regimens at Days 8 (left panel) and 

12 (right panel). 

[00399] FIG. 45 shows an “on/off/on” Grazoprevir (Grz) dosing regimen. 

[00400] FIG. 46 shows the T cells in the blood (hCD3+:hCD45+ shown as % of live cells) 

engineered with a constitutive hIL-12 expression system or a drug-inducible ACP-based 

regulatable expression system in vivo over a time course at the indicated days for an 

“on/off/on” Grazoprevir (Grz) dosing regimen. 

[00401] FIG. 47 shows the production of hIL-12 in plasma produced by T cells engineered 

with a constitutive hIL-12 expression system or a drug-inducible ACP-based regulatable 

expression system in vivo over a time course at the indicated days for an “on/off/on” 

Grazoprevir (Grz) dosing regimen. 

[00402] FIG. 48 shows body weight of mice administered T cells engineered with a 

constitutive hIL-12 expression system or a drug-inducible ACP-based regulatable expression 

system in vivo over a time course at the indicated days for an “on/off/on” Grazoprevir (Grz) 

dosing regimen. 

[00403] FIG. 49 presents a workflow for a screen directed to assessing promoters that turn 

on transcription when CAR cells are activated by target cells. 

[00404] FIG. 50 presents the constructs and candidate promoters assessed in a screen 

directed to promoters that turn on transcription when CAR cells are activated by target cells. 

[00405] FIG. 51 shows quantified mKate expression by flow-cytometry for constructs and 

candidate promoters assessed in a screen directed to promoters that turn on transcription 

when CAR cells are activated by target cells at 24 hours following culturing with (right 

column) or without (left column) HepG2 target cells. 

[00406] FIG. 52 shows quantified mKate expression by flow-cytometry for constructs and 

candidate promoters assessed in a screen directed to promoters that turn on transcription 

when CAR cells are activated by target cells at 48 hours following culturing with (right 

column) or without (left column) HepG2 target cells 

[00407] FIG. 53 shows histograms of mKate expression by flow-cytometry for identified 

promoters that turn on transcription when CAR cells are activated by target cells at 24 hours 

(top panel) and 48 hours (bottom panel) following culturing with HepG2 target cells 

(“Promoter+Target”). Also shown is CAR only cultured without HepG2 targets (“CAR 

only”), CAR only cultured with HepG2 targets (“CAR+Target”), CAR + promoter cultured 

without HepG2 targets (“Promoter Only”). 
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[00408] FIG. 54 shows in vitro production of hIL-12 by T cells transduced with various 

ACP-based regulatable expression systems following treatment with various concentrations 

of grazoprevir with or without elbasvir.  

DETAILED DESCRIPTION  

Definitions 

[00409] Terms used in the claims and specification are defined as set forth below unless 

otherwise specified. 

[00410] The term “ameliorating” refers to any therapeutically beneficial result in the 

treatment of a disease state, e.g., a cancer disease state, including prophylaxis, lessening in 

the severity or progression, remission, or cure thereof. 

[00411] 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.  

[00412] The term “in vivo” refers to processes that occur in a living organism. 

[00413] 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. 

[00414] 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.  

[00415] 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.  

[00416] 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 



46 

 

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).  

[00417] 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/). 

[00418] 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.  

[00419] The term “therapeutically effective amount” is an amount that is effective to 

ameliorate a symptom of a disease. A therapeutically effective amount can be a 

“prophylactically effective amount” as prophylaxis can be considered therapy. 

[00420] 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. 

Engineered Nucleic Acids and Polypeptides 

[00421] Regulation of drug expression in cell therapies is required to hit therapeutic 

efficacy windows. Such methods are described herein using a regulatable transcription factor 

that can drive expression of any desirable effector molecule or combination of effector 

molecules. This system is versatile as it can regulate intracellular or membrane bound 

proteins by using, for example, a modular protease system that enables ON or OFF 

configurations. It can use protease switch drugs that are FDA approved and can be 

administered via oral delivery with a favorable pharmacokinetic profile. In addition, the 

methods and compositions described herein may be used, e.g., for regulated 

immunomodulatory effector expression in cell or gene therapies. The regulatable 

transcription factor can be used in conjunction with, e.g., CAR T cells, CAR NK cells, TCR 

T cells, TIL therapies, viral-specific T cells, or any other appropriate immune cell therapy.  

[00422] In one aspect, provided herein are engineered nucleic acids comprising: a first 

expression cassette comprising a first promoter and a first exogenous polynucleotide 

sequence encoding an activation-conditional control polypeptide (ACP) and/or an antigen 

recognizing receptor, wherein the first promoter is operably linked to the first exogenous 
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polynucleotide; and a second expression cassette comprising an activation-conditional control 

polypeptide-responsive (ACP-responsive) promoter and a second exogenous polynucleotide 

sequence having the formula: (L – E)X wherein E comprises a polynucleotide sequence 

encoding an effector molecule, L comprises a linker polynucleotide sequence, X = 1 to 20, 

wherein the ACP-responsive promoter is operably linked to the second exogenous 

polynucleotide, wherein for the first iteration of the (L – E) unit, L is absent, and optionally 

wherein the ACP is capable of inducing expression of the first expression cassette by binding 

to the ACP-responsive promoter. In some embodiments, the ACP includes a drug-inducible 

domain, such as a tetracycline responsive domain (e.g., a TetR domain) or a repressible 

protease domain (e.g., an NS3 protease). In some embodiments, the ACP is an antigen 

recognizing receptor and the receptor is capable of inducing expression of the second 

expression cassette following binding to its cognate antigen (“activation inducible system”), 

such as a CAR binding to a cognate antigen and the ACP-responsive promoter includes a 

promoter sequence capable of driving expression of the second expression cassette in 

response to CAR signaling. 

[00423] In one aspect, provided herein are engineered nucleic acids comprising: a first 

expression cassette comprising: (a) a first promoter and a first exogenous polynucleotide 

sequence encoding an activation-conditional control polypeptide (ACP) and an antigen 

recognizing receptor, wherein the first promoter is operably linked to the first exogenous 

polynucleotide; and a second expression cassette comprising an ACP-responsive promoter 

and a second exogenous polynucleotide sequence having the formula: (L – E)X  wherein E 

comprises a polynucleotide sequence encoding an effector molecule, L comprises a linker 

polynucleotide sequence, X = 1 to 20, wherein the ACP-responsive promoter is operably 

linked to the second exogenous polynucleotide, wherein for the first iteration of the (L – E) 

unit, L is absent, and wherein the ACP is capable of inducing expression of the second 

expression cassette by binding to the ACP-responsive promoter. 

[00424] In one aspect, provided herein are engineered nucleic acids comprising: a first 

expression cassette comprising a first promoter and a first exogenous polynucleotide 

sequence encoding an antigen recognizing receptor, wherein the first promoter is operably 

linked to the first exogenous polynucleotide; and a second expression cassette comprising an 

activation-conditional control polypeptide-responsive (ACP-responsive) promoter and a 

second exogenous polynucleotide sequence having the formula: (L – E)X  wherein E 

comprises a polynucleotide sequence encoding an effector molecule, L comprises a linker 

polynucleotide sequence, X = 1 to 20, wherein the ACP-responsive promoter is operably 
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linked to the second exogenous polynucleotide, wherein for the first iteration of the (L – E) 

unit, L is absent. Expression of the second expression cassette can be induced by an ACP 

binding to the ACP-responsive promoter. An ACP can be a receptor, such as the antigen 

recognizing receptor, can induce expression of the second expression cassette upon ACP 

binding to a cognate ligand (e.g., a cognate antigen), such as downstream signaling following 

ligand binding inducing expression from an ACP-responsive promoter. In a non-limiting 

illustrative example, an ACP can be a chimeric antigen receptor (CAR), and upon CAR 

binding to a cognate receptor, downstream signaling (e.g., T cell or NK cell receptor 

signaling) can induce expression of a cytokine payload (e.g., cytokine armoring) from an 

ACP-responsive promoter that is specific to CAR binding of a target antigen. Examples of 

ACP-responsive promoters useful for in activation inducible systems are described below 

(see “Promoters”). 

[00425] In some embodiments, when the second expression cassette comprises two or 

more units of (L – E)X, each linker polynucleotide sequence is operably associated with the 

translation of each molecule as a separate polypeptide. 

[00426] X can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more.  

[00427] In some embodiments, a single engineered nucleic acid comprises at least one, 

two, three four, five, or more expression cassettes. In general, each expression cassette refers 

to a promoter operably linked to a polynucleotide sequence encoding protein of interest. For 

example, each of an ACP, an effector molecule, and an antigen recognizing receptor can be 

encoded by a separate expression cassette on the same engineered nucleic acid (e.g., vector). 

The expression cassettes can be oriented in any direction relative to each other (e.g., the 

cassettes can be in the same orientation or the opposite orientation). In exemplary engineered 

nucleic acids with three or more expression cassettes the cassettes can be in the same 

orientation or a mixed orientation (e.g., the first and second cassette can be in the same 

orientation while the third cassette is in the opposite orientation). In some embodiments, the 

first expression cassette is localized in the same orientation relative to the second expression 

cassette. In some embodiments, the first expression cassette is localized in the opposite 

orientation relative to the second expression cassette.  

[00428] In some embodiments, one or more engineered nucleic acids can comprise at least 

one, two, three four, five, or more expression cassettes. Stratagies for regulated armoring 

including two or more engineered nucleic acids can be referred to as an “engineered 

expression system.” In one aspect, engineered expression systems are provided herein that 

include (a) a first expression cassette comprising a first promoter and a first exogenous 
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polynucleotide sequence encoding an activation-conditional control polypeptide (ACP), 

wherein the first promoter is operably linked to the first exogenous polynucleotide; and (2) a 

second expression cassette comprising an ACP-responsive promoter and a second exogenous 

polynucleotide sequence having the formula: (L – E)X wherein E comprises a polynucleotide 

sequence encoding an effector molecule, L comprises a linker polynucleotide sequence, X = 

1 to 20, wherein the ACP-responsive promoter is operably linked to the second exogenous 

polynucleotide, wherein for the first iteration of the (L – E) unit, L is absent, and wherein the 

ACP is capable of inducing expression of the second expression cassette by binding to the 

ACP-responsive promoter. In some embodiments of the expression system, the first 

expression cassette and the second expression cassette are encoded by separate 

polynucleotide sequences. In some embodiments of the expression system, the first 

expression cassette and the second expression cassette are encoded by the same 

polynucleotide sequence. In some embodiments of the expression system, the first expression 

cassette and/or the second expression cassette further includes an additional exogenous 

polynucleotide sequence encoding an antigen recognizing receptor. In some embodiments of 

the expression system, the first expression cassette further includes an additional exogenous 

polynucleotide sequence encoding an antigen recognizing receptor. In some embodiments of 

the expression system, the second expression cassette further includes an additional 

exogenous polynucleotide sequence encoding an antigen recognizing receptor. In some 

embodiments of the expression system, the engineered expression system further includes an 

additional expression cassette including an additional promoter and an additional exogenous 

polynucleotide sequence encoding an antigen recognizing receptor, wherein the additional 

promoter is operably linked to the additional exogenous polynucleotide. In some 

embodiments of the expression system, the additional exogenous polynucleotide sequence is 

encoded by the same polynucleotide as the first expression cassette or the second expression 

cassette. In some embodiments of the expression system, the additional exogenous 

polynucleotide sequence is encoded by the same polynucleotide as the first expression 

cassette. In some embodiments of the expression system, the additional exogenous 

polynucleotide sequence is encoded by the same polynucleotide as the second expression 

cassette. In some embodiments of the expression system, a first vector includes the first 

expression cassette and the additional expression cassette if present, and a second vector 

includes the second expression cassette. In some embodiments of the expression system, a 

first vector includes the first expression cassette, and a second vector includes the second 

expression cassette and the the additional expression cassette if present. In some 
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embodiments of the expression system, a first vector includes the first expression cassette and 

the second expression cassette, and a second vector includes the additional expression 

cassette if present. 

[00429] As illustrative non-limiting examples of expression systems, (1) an antigen 

recognizing receptor expression cassette and an effector molecule expression cassette can be 

encoded by a first engineered nucleic acid, and an ACP expression cassette can be encoded 

by a second engineered nucleic acid; (2) an ACP expression cassette and an effector molecule 

expression cassette can be encoded by a first engineered nucleic acid, and an antigen 

recognizing receptor expression cassette can be encoded by a second engineered nucleic acid; 

(3) an ACP expression cassette and an antigen recognizing receptor expression cassette can 

be encoded by a first engineered nucleic acid, and an effector molecule expression cassette 

can be encoded by a second engineered nucleic acid. In an additional illustrative non-limiting 

example, an effector molecule expression cassette can be encoded by a first engineered 

nucleic acid, and an ACP expression cassette can be encoded by a second engineered nucleic 

acid. 

[00430] In some embodiments, expression cassettes can be multicistronic, i.e., more than 

one separate polypeptide (e.g., multiple exogenous polynucleotides or effector molecules) 

can be produced from a single mRNA transcript. For example, a multicistronic expression 

cassette can encode both an ACP and antigen recognizing receptor, e.g., both expressed from 

a single expression cassette driven by a constitutive promoter. In another example, a 

multicistronic expression cassette can encode both an effector molecule and an antigen 

recognizing receptor, e.g., both expressed from a single expression cassette driven by an 

ACP-responsive promoter. Expression cassettes can be multicistronic through the use of 

various linkers, e.g., a polynucleotide sequence encoding a first protein of interest can be 

linked to a nucleotide sequence encoding a second protein of interest, such as in a first 

gene:linker:second gene 5’ to 3’ orientation. Multicistronic features and options are described 

in the section “Multicistronic and Multiple Promoter Systems.” 

[00431] In some embodiments, the engineered nucleic acid is selected from: a DNA, a 

cDNA, an RNA, an mRNA, and a naked plasmid. Also provided herein is an expression 

vector comprising the engineered nucleic acid. 

[00432] In some embodiments, the engineered nucleic acid further comprises an insulator. 

The insulator can be localized between the first expression cassette and the second expression 

cassette. The insulator can be localized between the first expression cassette and the second 

expression cassette where both cassettes are in the same orientation relative to one another. 
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The insulator can be localized between the first expression cassette and the second expression 

cassette where the cassettes are in the opposite orientation relative to one another. An 

insulator is a cis-regulatory element that has enhancer-blocking or barrier function. Enhancer-

blocker insulators block enhancers from acting on the promoter of nearby genes. Barrier 

insulators prevent euchromatin silencing. An example of a suitable insulator of the present 

disclosure is the A2 insulator as described in Liu M, et al., Nat Biotechnol. 2015 

Feb;33(2):198-203. Additional insulators are described in West et al, Genes & Dev, 002. 16: 

271-288, both of which are incorporated by reference in their entirety. Other examples of 

suitable insulators include, without limitation, an A1 insulator, a CTCF insulator, a gypsy 

insulator, an HS5 insulator, and a β-globin locus insulator, such as cHS4. In some 

embodiments, the insulator is an A2 insulator, an A1 insulator, a CTCF insulator, an HS5 

insulator, a gypsy insulator, a β-globin locus insulator, or a cHS4 insulator. The insulator can 

be an A2 insulator. 

Activation-conditional control polypeptide (ACP) 

[00433] In some embodiments, the ACP is a transcriptional modulator. In some 

embodiments, the ACP is a transcriptional repressor. In some embodiments, the ACP is a 

transcriptional activator. In some embodiments, the ACP is a transcription factor. In some 

embodiments, the ACP comprises a DNA-binding domain and a transcriptional effector 

domain. In some embodiments, the transcription factor is a zinc-finger-containing 

transcription factor. In some embodiments, the zinc-finger-containing transcription factor 

may be a synthetic transcription factor. In some embodiments, the ACP DNA-binding 

domain comprises a DNA-binding zinc finger protein domain (ZF protein domain) and an 

effector domain. In some embodiments, the DNA-binding domain comprises a tetracycline 

(or derivative thereof) repressor (TetR) domain. In some embodiments, the ACP is an antigen 

recognizing receptor of the present disclosure. 

Zinc Finger Protein Domain 

[00434] In some embodiments, the ZF protein domain is modular in design and is 

composed of zinc finger arrays (ZFA). A zinc finger array comprises multiple zinc finger 

protein motifs that are linked together. Each zinc finger motif binds to a different nucleic acid 

motif. This results in a ZFA with specificity to any desired nucleic acid sequence. The ZF 

motifs can be directly adjacent to each other, or separated by a flexible linker sequence. In 

some embodiments, a ZFA is an array, string, or chain of ZF motifs arranged in tandem. A 

ZFA can have 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,1 3, 14, or 15 zinc finger motifs. The ZFA 
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can have from 1-10, 1-15, 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 2-3, 2-4, 2-5, 2-6, 2-7, 2-8, 2-

9, 2-10, 3-4, 3-5 3-6, 3-7, 3-8, 3-9, 3-10, 4-5, 4-6, 4-7, 4-8, 4-9, 4-10, 5-6, 5-7, 5-8, 5-9, 5-10, 

or 5-15 zinc finger motifs. 

[00435] The ZF protein domain can have 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, or 

more ZFAs. The ZF domain can have from 1-10, 1-15, 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 

2-3, 2-4, 2-5, 2-6, 2-7, 2-8, 2-9, 2-10, 3-4, 3-5 3-6, 3-7, 3-8, 3-9, 3-10, 4-5, 4-6, 4-7, 4-8, 4-9, 

4-10, 5-6, 5-7, 5-8, 5-9, 5-10, or 5-15 ZFAs. In some embodiments, the ZF protein domain 

comprises one to ten ZFA(s). In some embodiments, the ZF protein domain comprises at least 

one ZFA. In some embodiments, the ZF protein domain comprises at least two ZFAs. In 

some embodiments, the ZF protein domain comprises at least three ZFAs. In some 

embodiments, the ZF protein domain comprises at least four ZFAs. In some embodiments, 

the ZF protein domain comprises at least five ZFAs. In some embodiments, the ZF protein 

domain comprises at least ten ZFAs. 

[00436] An exemplary ZF protein domain is shown in the sequence 

SRPGERPFQCRICMRNFSRRHGLDRHTRTHTGEKPFQCRICMRNFSDHSSLKRHLRTH

TGSQKPFQCRICMRNFSVRHNLTRHLRTHTGEKPFQCRICMRNFSDHSNLSRHLKTH

TGSQKPFQCRICMRNFSQRSSLVRHLRTHTGEKPFQCRICMRNFSESGHLKRHLRTHL

RGS (SEQ ID NO: 88). 

ACP Effector Domain 

[00437] The ACP can also further comprise an effector domain, such as a transcriptional 

effector domain. For instance, a transcriptional effector domain can be the effector or 

activator domain of a transcription factor. Transcription factor activation domains are also 

known as transactivation domains, and act as scaffold domains for proteins such as 

transcription coregulators that act to activate or repress transcription of genes. Any suitable 

transcriptional effector domain can be used in the ACP including, but not limited to, a Herpes 

Simplex Virus Protein 16 (VP16) activation domain; an activation domain consisting of four 

tandem copies of VP16, a VP64 activation domain; a p65 activation domain of NFκB; an 

Epstein-Barr virus R transactivator (Rta) activation domain; a tripartite activator comprising 

the VP64, the p65, and the Rta activation domains, the tripartite activator is known as a VPR 

activation domain; a histone acetyltransferase (HAT) core domain of the human E1A-

associated protein p300, known as a p300 HAT core activation domain; a Krüppel associated 

box (KRAB) repression domain; a truncated Krüppel associated box (KRAB) repression 

domain; a Repressor Element Silencing Transcription Factor (REST) repression domain; a 
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WRPW motif (SEQ ID NO: 162) of the hairy-related basic helix-loop-helix repressor 

proteins, the motif is known as a WRPW repression domain ("WRPW" disclosed as SEQ ID 

NO: 162); a DNA (cytosine-5)-methyltransferase 3B (DNMT3B) repression domain; and an 

HP1 alpha chromoshadow repression domain, or any combination thereof. 

[00438] In some embodiments, the effector domain is a transcription effector domain 

selected from: a Herpes Simplex Virus Protein 16 (VP16) activation domain; an activation 

domain consisting of four tandem copies of VP16, a VP64 activation domain; a p65 

activation domain of NFκB; an Epstein-Barr virus R transactivator (Rta) activation domain; a 

tripartite activator comprising the VP64, the p65, and the Rta activation domains, the 

tripartite activator is known as a VPR activation domain; a histone acetyltransferase (HAT) 

core domain of the human E1A-associated protein p300, known as a p300 HAT core 

activation domain; a Krüppel associated box (KRAB) repression domain; a Repressor 

Element Silencing Transcription Factor (REST) repression domain; a WRPW motif (SEQ ID 

NO: 162) of the hairy-related basic helix-loop-helix repressor proteins, the motif is known as 

a WRPW repression domain ("WRPW" disclosed as SEQ ID NO: 162); a DNA (cytosine-5)-

methyltransferase 3B (DNMT3B) repression domain; and an HP1 alpha chromoshadow 

repression domain. 

[00439] Exemplary transcription effector domain protein sequences are shown in Table 8. 

Exemplary transcription effector domain nucleotide sequences are shown in Table 9. 

Table 8 – Transcriptional Effector Domain (Protein)  

Amino Acid Sequence SEQ ID NO: Description 

RTLVTFKDVFVDFTREEWKLLDTAQQIVYRNV

MLENYKNLVSLGYQLTKPDVILRLEKGEEPWL

V 

96 KRAB 

RTLVTFKDVFVDFTREEWKLLDTAQQIVYRNV

MLENYKNLVSLGY 

97 truncated KRAB (min KRAB) 

EASGSGRADALDDFDLDMLGSDALDDFDLDM

LGSDALDDFDLDMLGSDALDDFDLDMLINSRS

SGSPKKKRKVGSQYLPDTDDRHRIEEKRKRTY

ETFKSIMKKSPFSGPTDPRPPPRRIAVPSRSSAS

VPKPAPQPYPFTSSLSTINYDEFPTMVFPSGQIS

QASALAPAPPQVLPQAPAPAPAPAMVSALAQA

PAPVPVLAPGPPQAVAPPAPKPTQAGEGTLSEA

LLQLQFDDEDLGALLGNSTDPAVFTDLASVDN

SEFQQLLNQGIPVAPHTTEPMLMEYPEAITRLV

TGAQRPPDPAPAPLGAPGLPNGLLSGDEDFSSI

ADMDFSALLGSGSGSRDSREGMFLPKPEAGSA

ISDVFEGREVCQPKRIRPFHPPGSPWANRPLPAS

LAPTPTGPVHEPVGSLTPAPVPQPLDPAPAVTP

EASHLLEDPDEETSQAVKALREMADTVIPQKE

EAAICGQMDLSHPPPRGHLDELTTTLESMTEDL

NLDSPLTPELNEILDTFLNDECLLHAMHISTGLS

IFDTSLF 

90 VPR activation domain 
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Table 9 - Transcriptional Effector Domain (Nucleotide) 

Nucleic Acid Sequence SEQ ID NO: Description 

AGAACCCTGGTCACCTTCAAGGACGTGTTCG

TGGACTTCACCCGGGAAGAGTGGAAGCTGCT

GGATACAGCCCAGCAGATCGTGTACCGGAA

CGTGATGCTGGAAAACTACAAGAATCTGGTG

TCCCTGGGCTACCAGCTGACCAAGCCTGACG

TGATCCTGCGGCTGGAAAAGGGCGAAGAAC

CTTGGCTGGTG 

98 KRAB 

AGAACCCTGGTCACCTTCAAGGACGTGTTCG

TGGACTTCACCCGGGAAGAGTGGAAGCTGCT

GGATACAGCCCAGCAGATCGTGTACCGGAA

CGTGATGCTGGAAAACTACAAGAATCTGGTG

TCCCTGGGCTAC 

99 truncated KRAB (min KRAB) 

 

Drug-inducible domains 

[00440] In some embodiments, the ACP is a small molecule (e.g., drug) inducible 

polypeptide. For example, in some embodiments, the ACP may be induced by tetracycline (or 

derivative thereof), and comprises a TetR domain and a VP16 effector domain. In some 

embodiments, the ACP may be induced by tamoxifen, or a metabolite thereof, such as 4-

hydroxy-tamoxifen (4-OHT), and comprises an estrogen receptor variant, such as ERT2. In 

some embodiments, the ACP is a small molecule (e.g., drug) inducible polypeptide that 

comprises a repressible protease and one or more cognate cleavage sites of the repressible 

protease.  

[00441] The term “repressible protease” as used herein, refers to a protease that can be 

inactivated by the presence or absence of a specific agent (e.g., that binds to the protease). In 

some embodiments, a repressible protease is active (cleaves a cognate cleavage site) in the 

absence of the specific agent and is inactive (does not cleave a cognate cleavage site) in the 

presence of the specific agent. In some embodiments, the specific agent is a protease 

inhibitor. In some embodiments, the protease inhibitor specifically inhibits a given 

repressible protease of the present disclosure. 

[00442] Non-limiting examples of repressible proteases include hepatitis C virus proteases 

(e.g., NS3 and NS2-3); signal peptidase; proprotein convertases of the subtilisin/kexin family 

(furin, PCI, PC2, PC4, PACE4, PC5, PC); proprotein convertases cleaving at hydrophobic 

residues (e.g., Leu, Phe, Val, or Met); proprotein convertases cleaving at small amino acid 

residues such as Ala or Thr; proopiomelanocortin converting enzyme (PCE); chromaffin 

granule aspartic protease (CGAP); prohormone thiol protease; carboxypeptidases (e.g., 

carboxypeptidase E/H, carboxypeptidase D and carboxypeptidase Z); aminopeptidases (e.g., 

arginine aminopeptidase, lysine aminopeptidase, aminopeptidase B); prolyl endopeptidase; 



55 

 

aminopeptidase N; insulin degrading enzyme; calpain; high molecular weight protease; and, 

caspases 1, 2, 3, 4, 5, 6, 7, 8, and 9. Other proteases include, but are not limited to, 

aminopeptidase N; puromycin sensitive aminopeptidase; angiotensin converting enzyme; 

pyroglutamyl peptidase II; dipeptidyl peptidase IV; N-arginine dibasic 

convertase;endopeptidase 24.15; endopeptidase 24.16; amyloid precursor protein secretases 

alpha, beta and gamma; angiotensin converting enzyme secretase; TGF alpha secretase; T F 

alpha secretase; FAS ligand secretase; TNF receptor-I and -II secretases; CD30 secretase; 

KL1 and KL2 secretases; IL6 receptor secretase; CD43, CD44 secretase; CD 16-1 and CD 

16-11 secretases; L-selectin secretase; Folate receptor secretase; MMP 1, 2, 3, 7, 8, 9, 10, 11, 

12, 13, 14, and 15; urokinase plasminogen activator; tissue plasminogen activator; plasmin; 

thrombin; BMP-l (procollagen C-peptidase); ADAM 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, and 11; and, 

granzymes A, B, C, D, E, F, G, and H. For a discussion of proteases, see, e.g., V. Y. H. Hook, 

Proteolytic and cellular mechanisms in prohormone and proprotein processing, RG Landes 

Company, Austin, Tex., USA (1998); N. M. Hooper et al., Biochem. J. 321 : 265-279 (1997); 

Z. Werb, Cell 91 : 439-442 (1997); T. G. Wolfsberg et al., J. Cell Biol. 131 : 275-278 (1995); 

K. Murakami and J. D. Etlinger, Biochem. Biophys. Res. Comm. 146: 1249-1259 (1987); T. 

Berg et al., Biochem. J. 307: 313-326 (1995); M. J. Smyth and J. A. Trapani, Immunology 

Today 16: 202-206 (1995); R. V. Talanian et al., J. Biol. Chem. 272: 9677-9682 (1997); and 

N. A. Thomberry et al., J. Biol. Chem. 272: 17907-17911 (1997), the disclosures of which are 

incorporated herein. 

[00443] The term “cognate cleavage site” as used herein, refers to a specific sequence or 

sequence motif recognized by and cleaved by the repressible protease. A cleavage site for a 

protease includes the specific amino acid sequence or motif recognized by the protease 

during proteolytic cleavage and typically includes the surrounding one to six amino acids on 

either side of the scissile bond, which bind to the active site of the protease and are used for 

recognition as a substrate. 

[00444] Other proteases, including those listed above and in Table 1, can be used. When a 

protease is selected, its cognate cleavage site and protease inhibitors known in the art to bind 

and inhibit the protease can be used in a combination. Exemplary combinations for the use 

are provided below in Table 1. Representative sequences of the proteases are available from 

public database including UniProt through the uniprot.org website. UniProt accession 

numbers for the proteases are also provided below in Table 1.  
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Table 1 

Protease 

(UniProt Accession Number or 

SEQ ID NO.) 

Cognate cleavage site Protease inhibitors 

HCV NS4A/4B DEMEECSQHL  

(SEQ ID NO: 81) 

EDVVPCSMG  

(SEQ ID NO: 82) 

Simeprevir, Danoprevir, 

Asunaprevir, Ciluprevir, 

Boceprevir, Sovaprevir, 

Paritaprevir, Telaprevir, 

Grazoprevir 

HCV NS5A/5B DEMEECSQHL  

(SEQ ID NO: 81) 

EDVVPCSMG  

(SEQ ID NO: 82) 

Simeprevir, Danoprevir, 

Asunaprevir, Ciluprevir, 

Boceprevir, Sovaprevir, 

Paritaprevir, Telaprevir, 

Grazoprevir 

HCV NS3 DEMEECSQHL  

(SEQ ID NO: 81) 

EDVVPCSMG  

(SEQ ID NO: 82) 

Simeprevir, Danoprevir, 

Asunaprevir, Ciluprevir, 

Boceprevir, Sovaprevir, 

Paritaprevir, Telaprevir, 

Grazoprevir 

HCV NS2-3 DEMEECSQHL  

(SEQ ID NO: 81) 

EDVVPCSMG  

(SEQ ID NO: 82) 

Simeprevir, Danoprevir, 

Asunaprevir, Ciluprevir, 

Boceprevir, Sovaprevir, 

Paritaprevir, Telaprevir, 

Grazoprevir 

HIV-1 protease   Amprenavir, Atazanavir, 

Darunavir, 

Fosamprenavir, 

Indinavir, Lopinavir, 

Nelfinavir, Ritonavir, 

Saquinavir, Tipranavir 

Signal peptidase (P67812, 

P15367, P00804, P0803) 

preference of eukaryotic signal peptidase for cleavage 

after residue 20 (Xaa20) of pre(pro)apoA-II: Ala, Cys 

> Gly > Ser, Thr > Pro > Asn, Val, Ile, Leu, Tyr, His, 

Arg, Asp. 

 

proprotein convertases cleaving 

at hydrophobic residues (e.g., 

Leu, Phe, Val, or Met) (Q16549, 

Q8NBP7, Q92824, P29120, 

Q6UW60, P29122, Q9QXV0) 

(R/K)-X-(hydrophobic)-X↓, where X is any amino acid 

 

 

proprotein convertases cleaving 

at small amino acid residues 

such as Ala or Thr (Q16549, 

Q8NBP7, Q92824, P29120, 

Q6UW60, P29122) 

(K/R)-(X)n-(K/R)↓, where n is 0, 2, 4 or 6 and X is any 

amino acid 

 

 

proopiomelanocortin converting 

enzyme (PCE) (Q9UO77615, 

O776133) 

Cleavage at paired basic residues in certain 

prohormones, either between them, or on the carboxyl 

side 

 

chromaffin granule aspartic 

protease (CGAP) 

tends to cleave dipeptide bonds that have hydrophobic 

residues as well as a beta-methylene group 

 

prohormone thiol protease 

(cathepsin L1) (P07154, P07711, 

P06797, P25975, Q28944) 

  

carboxypeptidases (e.g., 

carboxypeptidase E/H, 

carboxypeptidase D and 

carboxypeptidase Z) (Q9M099, 

P15169, Q04609, P08819, 

P08818, O77564, P70627, 

O35409, P07519, Q8VZU3, 

cleaves a peptide bond at the carboxy-terminal (C-

terminal) end of a protein or peptide 

 



57 

 

Table 1 

Protease 

(UniProt Accession Number or 

SEQ ID NO.) 

Cognate cleavage site Protease inhibitors 

P22792, P15087, P16870, 

Q9JHH6, Q96IY4, Q7L8A9) 

aminopeptidases (e.g., arginine 

aminopeptidase, lysine 

aminopeptidase, aminopeptidase 

B) 

cleaves a peptide bond at the amino-terminal (N-

terminal) end of a protein or peptide 

 

prolyl endopeptidase (Q12884, 

P48147, P97321, Q4J6C6) 

Hydrolysis of Pro-|-Xaa >> Ala-|-Xaa in oligopeptides. 

 

Release of an N-terminal dipeptide, Xaa-Yaa-|-Zaa-, 

from a polypeptide, preferentially when Yaa is Pro, 

provided Zaa is neither Pro nor hydroxyproline 

 

aminopeptidase N (P97449, 

P15144, P15145, P15684) 

Release of an N-terminal amino acid, Xaa-|-Yaa- from 

a peptide, amide or arylamide. Xaa is preferably Ala, 

but may be most amino acids including Pro (slow 

action). When a terminal hydrophobic residue is 

followed by a prolyl residue, the two may be released 

as an intact Xaa-Pro dipeptide 

 

insulin degrading enzyme 

(P14735, P35559, Q9JHR7, 

P22817, Q24K02) 

Degradation of insulin, glucagon and other 

polypeptides. No action on proteins. 

 

Cleaves multiple short polypeptides that vary 

considerably in sequence 

 

Calpain (O08529, P17655, 

Q07009, Q27971, P20807, 

P07384, O35350, O14815, 

P04632, Q9Y6Q1, O15484, 

Q9HC96, A6NHC0, Q9UMQ6) 

No specific amino acid sequence is uniquely 

recognized by calpains. Amongst protein substrates, 

tertiary structure elements rather than primary amino 

acid sequences appear to be responsible for directing 

cleavage to a specific substrate. Amongst peptide and 

small-molecule substrates, the most consistently 

reported specificity is for small, hydrophobic amino 

acids (e.g., leucine, valine and isoleucine) at the P2 

position, and large hydrophobic amino acids (e.g., 

phenylalanine and tyrosine) at the P1 position. One 

fluorogenic calpain substrate is (EDANS)-Glu-Pro-

Leu-Phe=Ala-Glu-Arg-Lys-(DABCYL) (SEQ ID NO: 

164), with cleavage occurring at the Phe=Ala bond. 

 

caspase 1 (P29466, P29452) Strict requirement for an Asp residue at position P1 and 

has a preferred cleavage sequence of Tyr-Val-Ala-Asp-

|- (SEQ ID NO: 165). 

 

caspase 2 (P42575, P29594) Strict requirement for an Asp residue at P1, with 316-

asp being essential for proteolytic activity and has a 

preferred cleavage sequence of Val-Asp-Val-Ala-Asp-

|- (SEQ ID NO: 166). 

 

caspase 3 (P42574, P70677) Strict requirement for an Asp residue at positions P1 

and P4. It has a preferred cleavage sequence of Asp-

Xaa-Xaa-Asp-|- with a hydrophobic amino-acid residue 

at P2 and a hydrophilic amino-acid residue at P3, 

although Val or Ala are also accepted at this position. 

 

caspase 4 (P70343, P49662) Strict requirement for Asp at the P1 position. It has a 

preferred cleavage sequence of Tyr-Val-Ala-Asp-|- 

(SEQ ID NO: 165) but also cleaves at Asp-Glu-Val-

Asp-|- (SEQ ID NO: 167). 

 

caspase 5 (P51878) Strict requirement for Asp at the P1 position. It has a 

preferred cleavage sequence of Tyr-Val-Ala-Asp-|- 

(SEQ ID NO: 165) but also cleaves at Asp-Glu-Val-

Asp-|- (SEQ ID NO: 167). 

 

caspase 6 (P55212) Strict requirement for Asp at position P1 and has a  
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Table 1 

Protease 

(UniProt Accession Number or 

SEQ ID NO.) 

Cognate cleavage site Protease inhibitors 

preferred cleavage sequence of Val-Glu-His-Asp-|- 

(SEQ ID NO: 168). 

caspase 7 (P97864, P55210) Strict requirement for an Asp residue at position P1 and 

has a preferred cleavage sequence of Asp-Glu-Val-

Asp-|- (SEQ ID NO: 167). 

 

caspase 8 (Q8IRY7, O89110, 

Q14790) 

Strict requirement for Asp at position P1 and has a 

preferred cleavage sequence of (Leu/Asp/Val)-Glu-

Thr-Asp-|-(Gly/Ser/Ala). 

 

caspase 9 (P55211, Q8C3Q9, 

Q5IS54) 

Strict requirement for an Asp residue at position P1 and 

with a marked preference for His at position P2. It has 

a preferred cleavage sequence of Leu-Gly-His-Asp-|-

Xaa (SEQ ID NO: 169). 

 

caspase 10 (Q92851) Strict requirement for Asp at position P1 and has a 

preferred cleavage sequence of Leu-Gln-Thr-Asp-|-Gly 

(SEQ ID NO: 170). 

 

puromycin sensitive 

aminopeptidase (P55786, 

Q11011) 

Release of an N-terminal amino acid, preferentially 

alanine, from a wide range of peptides, amides and 

arylamides. 

 

angiotensin converting enzyme 

(ACE) (P12821, P09470, 

Q9BYF1) 

Release of a C-terminal dipeptide, oligopeptide-|-Xaa-

Yaa, when Xaa is not Pro, and Yaa is neither Asp nor 

Glu. 

Benazepril (Lotensin), 

Captopril, Enalapril 

(Vasotec), Fosinopril,  

Lisinopril (Prinivil, 

Zestril), Moexipril, 

Perindopril (Aceon), 

Quinapril (Accupril), 

Ramipril (Altace), 

Trandolapril (Mavik),  

Zofenopril 

pyroglutamyl peptidase II 

(Q9NXJ5) 

Release of the N-terminal pyroglutamyl group from 

pGlu--His-Xaa tripeptides and pGlu--His-Xaa-Gly 

(SEQ ID NO: 171) tetrapeptides 

 

dipeptidyl peptidase IV (P27487, 

P14740, P28843) 

Release of an N-terminal dipeptide, Xaa-Yaa-|-Zaa-, 

from a polypeptide, preferentially when Yaa is Pro, 

provided Zaa is neither Pro nor hydroxyproline 

 

N-arginine dibasic convertase 

(O43847, Q8BHG1) 

Hydrolysis of polypeptides, preferably at -Xaa-|-Arg-

Lys-, and less commonly at -Arg-|-Arg-Xaa-, in which 

Xaa is not Arg or Lys 

 

endopeptidase 24.15 (thimet 

oligopeptidase) (P52888, 

P24155) 

Preferential cleavage of bonds with hydrophobic 

residues at P1, P2 and P3' and a small residue at P1' in 

substrates of 5 to 15 residues 

 

endopeptidase 24.16 (neurolysin) 

(Q9BYT8, Q91YP2) 

Preferential cleavage in neurotensin: 10-Pro-|-Tyr-11  

amyloid precursor protein 

secretase alpha (P05067, 

P12023, Q9Y5Z0, P56817) 

Endopeptidase of broad specificity.  

amyloid precursor protein 

secretase beta (P05067, P12023, 

Q9Y5Z0, P56817) 

Broad endopeptidase specificity. Cleaves Glu-Val-Asn-

Leu-|-Asp-Ala-Glu-Phe (SEQ ID NO: 172) in the 

Swedish variant of AlzhFeimer's amyloid precursor 

protein 

 

amyloid precursor protein 

secretase gamma (P05067, 

P12023, Q9Y5Z0, P56817) 

intramembrane cleavage of integral membrane proteins  

MMP 1 (P03956, Q9EPL5uy) Cleavage of the triple helix of collagen at about three-

quarters of the length of the molecule from the N-

terminus, at 775-Gly-|-Ile-776 in the alpha-1(I) chain. 

SB-3CT 

p-OH SB-3CT 

O-phosphate SB-3CT 
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Table 1 

Protease 

(UniProt Accession Number or 

SEQ ID NO.) 

Cognate cleavage site Protease inhibitors 

Cleaves synthetic substrates and alpha-macroglobulins 

at bonds where P1' is a hydrophobic residue. 

RXP470.1 

MMP 2 (P08253, P33434) Cleavage of gelatin type I and collagen types IV, V, 

VII, X. Cleaves the collagen-like sequence Pro-Gln-

Gly-|-Ile-Ala-Gly-Gln (SEQ ID NO: 173). 

SB-3CT 

p-OH SB-3CT 

O-phosphate SB-3CT 

RXP470.1 

MMP 3 (P08254, P28862) Preferential cleavage where P1', P2' and P3' are 

hydrophobic residues. 

SB-3CT 

p-OH SB-3CT 

O-phosphate SB-3CT 

RXP470.1 

MMP 7 (P09237, Q10738) Cleavage of 14-Ala-|-Leu-15 and 16-Tyr-|-Leu-17 in B 

chain of insulin. No action on collagen types I, II, IV, 

V. Cleaves gelatin chain alpha-2(I) > alpha-1(I). 

SB-3CT 

p-OH SB-3CT 

O-phosphate SB-3CT 

RXP470.1 

MMP 8 (P22894, O70138) Can degrade fibrillar type I, II, and III collagens. 

 

Cleavage of interstitial collagens in the triple helical 

domain. Unlike EC 3.4.24.7, this enzyme cleaves type 

III collagen more slowly than type I. 

SB-3CT 

p-OH SB-3CT 

O-phosphate SB-3CT 

RXP470.1 

MMP 9 (P14780, P41245) Cleavage of gelatin types I and V and collagen types 

IV and V. 

 

Cleaves KiSS1 at a Gly-|-Leu bond.  

 

Cleaves type IV and type V collagen into large C-

terminal three quarter fragments and shorter N-terminal 

one quarter fragments. Degrades fibronectin but not 

laminin or Pz-peptide. 

SB-3CT 

p-OH SB-3CT 

O-phosphate SB-3CT 

RXP470.1 

MMP 10 (P09238, O55123) Can degrade fibronectin, gelatins of type I, III, IV, and 

V; weakly collagens III, IV, and V. 

SB-3CT 

p-OH SB-3CT 

O-phosphate SB-3CT 

RXP470.1 

MMP 11 (P24347, Q02853) A(A/Q)(N/A)↓(L/Y)(T/V/M/R)(R/K) 

 

G(G/A)E↓LR (SEQ ID NO: 174) 

 

↓ denotes the cleavage site 

SB-3CT 

p-OH SB-3CT 

O-phosphate SB-3CT 

RXP470.1 

MMP 12 (P39900, P34960) Hydrolysis of soluble and insoluble elastin. Specific 

cleavages are also produced at 14-Ala-|-Leu-15 and 16-

Tyr-|-Leu-17 in the B chain of insulin 

 

Has significant elastolytic activity. Can accept large 

and small amino acids at the P1' site, but has a 

preference for leucine. Aromatic or hydrophobic 

residues are preferred at the P1 site, with small 

hydrophobic residues (preferably alanine) occupying 

P3 

SB-3CT 

p-OH SB-3CT 

O-phosphate SB-3CT 

RXP470.1 

MMP 13 (P45452, P33435) Cleaves triple helical collagens, including type I, type 

II and type III collagen, but has the highest activity 

with soluble type II collagen. Can also degrade 

collagen type IV, type XIV and type X 

SB-3CT 

p-OH SB-3CT 

O-phosphate SB-3CT 

RXP470.1 

MMP 14 (P50281, P53690) Activates progelatinase A by cleavage of the 

propeptide at 37-Asn-|-Leu-38. Other bonds 

hydrolyzed include 35-Gly-|-Ile-36 in the propeptide of 

collagenase 3, and 341-Asn-|-Phe-342, 441-Asp-|-Leu-

442 and 354-Gln-|-Thr-355 in the aggrecan 

SB-3CT 

p-OH SB-3CT 

O-phosphate SB-3CT 

RXP470.1 
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Table 1 

Protease 

(UniProt Accession Number or 

SEQ ID NO.) 

Cognate cleavage site Protease inhibitors 

interglobular domain. 

urokinase plasminogen activator 

(uPA) (P00749, P06869) 

Specific cleavage of Arg-|-Val bond in plasminogen to 

form plasmin. 

Plasminogen activator 

inhibitors (PAI) 

tissue plasminogen activator 

(tPA) (P00750, P11214) 

Specific cleavage of Arg-|-Val bond in plasminogen to 

form plasmin. 

Plasminogen activator 

inhibitors (PAI) 

tissue plasminogen activator 

(tPA) (P00750, P11214) 

Specific cleavage of Arg-|-Val bond in plasminogen to 

form plasmin. 

Plasminogen activator 

inhibitors (PAI) 

Plasmin (P00747, P20918) Preferential cleavage: Lys-|-Xaa > Arg-|-Xaa, higher 

selectivity than trypsin. Converts fibrin into soluble 

products. 

α-2-antiplasmin (AP) 

Thrombin (P00734, P19221) Cleaves bonds after Arg and Lys 

 

Converts fibrinogen to fibrin and activates factors V, 

VII, VIII, XIII, and, in complex with thrombomodulin, 

protein C. 

 

BMP-1 (procollagen C-

peptidase) (P13497, P98063) 

Cleavage of the C-terminal propeptide at Ala-|-Asp in 

type I and II procollagens and at Arg-|-Asp in type III. 

 

ADAM (Q9P0K1, Q9UKQ2, 

Q9JLN6, O14672, Q13444, 

P78536, Q13443, O43184, 

P78325, Q9UKF5, Q9BZ11, 

Q9H2U9, Q99965, O75077, 

Q9H013, O43506) 

 SB-3CT 

p-OH SB-3CT 

O-phosphate SB-3CT 

RXP470.1 

granzyme A (P12544, P11032) Preferential cleavage: -Arg-|-Xaa-, -Lys-|-Xaa- >> -

Phe-|-Xaa- in small molecule substrates. 

 

granzyme B (P10144, P04187) Preference for bulky and aromatic residues at the P1 

position and acidic residues at the P3' and P4' sites. 

 

granzyme M (P51124, Q03238) Cleaves peptide substrates after methionine, leucine, 

and norleucine. 

 

tobacco Etch virus (TEV) 

protease (P04517, P0CK09) 

E-Xaa-Xaa-Y -Xaa-Q-(G/S), with cleavage occurring 

between Q and G/S. The most common sequence is 

ENLYFQS (SEQ ID NO: 175) 

 

chymotrypsin-like serine 

protease (P08217, Q9UNI1, 

Q91X79, P08861, P09093, 

P08218) 

 -Thermobifida fusca 

Thermopin 

-Pyrobaculum 

aerophilum Aeropin 

-Thermococcus 

kodakaraensis Tk-serpin 

-Alteromonas sp. 

Marinostatin 

-Streptomyces 

misionensis SMTI 

-Streptomyces sp. 

chymostatin 

alphavirus proteases (P08411, 

P03317, P13886, Q8JUX6, 

Q86924, Q4QXJ8, Q8QL53, 

P27282, Q5XXP4) 

  

chymotrypsin-like cysteine 

proteases (Q86TL0, Q14790, 

Q99538, O15553) 

 -Thermobifida fusca 

Thermopin 

-Pyrobaculum 

aerophilum Aeropin 

-Thermococcus 

kodakaraensis Tk-serpin 

-Alteromonas sp. 
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Table 1 

Protease 

(UniProt Accession Number or 

SEQ ID NO.) 

Cognate cleavage site Protease inhibitors 

Marinostatin 

-Streptomyces 

misionensis SMTI 

-Streptomyces sp. 

chymostatin 

papain-like cysteine proteases 

(P25774, P53634, Q96K76) 

  

picornavirus leader proteases 

(P03305, P03311, P13899) 

  

HIV proteases (P04585, P03367, 

P04584, P03369, P12497, 

P03366, P04587) 

  

Herpesvirus proteases (P10220, 

Q2HRB6, O40922, Q69527) 

  

adenovirus proteases (P03252, 

P24937, Q83906, P68985, 

P09569, P11825, P10381) 

  

Streptomyces griseus protease A 

(SGPA) (P00776) 

  

Streptomyces griseus protease B 

(SGPB) (P00777) 

  

alpha-lytic protease (P85142, 

P00778) 

  

serine proteases (P48740, 

P98064, Q9UL52, P05981, 

O60235) 

  

cysteine proteases (Q86TL0, 

Q14790, Q8WYN0, Q96DT6, 

P55211) 

  

aspartic proteases (Q9Y5Z0, 

P56817, Q00663, Q53RT3, 

P0CY27) 

  

threonine proteases (Q9UI38, 

Q16512, Q9H6P5, Q8IWU2) 

  

Mast cell (MC) chymase 

(CMA1) (NM_001836) 

Abz-HPFHL-Lys(Dnp)-NH2 (SEQ ID NO: 176) BAY 1142524 

SUN13834 

Rat mast cell protease-1, -2, -3, -

4, -5 (NM_017145, NM_172044, 

NM_001170466, NM_019321, 

NM_013092) 

Abz-HPFHL-Lys(Dnp)-NH2 (SEQ ID NO: 176) TY-51469 

Rat vascular chymase (RVCH) 

(O70500) 

Abz-HPFHL-Lys(Dnp)-NH2 (SEQ ID NO: 176)  

DENV NS3pro (NS2B/NS3)   A strong preference for basic amino acid residues 

(Arg/Lys) at the P1 positions was observed, whereas 

the preferences for the P2– 4 sites were in the order of 

Arg > Thr > Gln/Asn/Lys for P2, Lys > Arg > Asn for 

P3, and Nle > Leu > Lys > Xaa for P4. The prime site 

substrate specificity was for small and polar amino 

acids in P1 and P3. 

Anthraquinone 

BP13944 

ZINC04321905 

MB21 

Policresulen 

SK-12 

NSC135618 

Biliverdin 

NS3/NS4 protease cleavage site EDVVCCHSIY 

(SEQ ID NO: 159) 

LYQEFDEMEECSQH 

(SEQ ID NO: 160) 

Simeprevir, Danoprevir, 

Asunaprevir, Ciluprevir, 

Boceprevir, Sovaprevir, 

Paritaprevir, Telaprevir, 

Grazoprevir 
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[00445] In some embodiments, the one or more cognate cleavage sites of the repressible 

protease are localized between the DNA-binding domain and the effector domain of the ACP. 

In some embodiments, the repressible protease is hepatitis C virus (HCV) nonstructural 

protein 3 (NS3). In some embodiments, the cognate cleavage site comprises an NS3 protease 

cleavage site. In some embodiments, the NS3 protease cleavage site comprises a NS3/NS4A, 

a NS4A/NS4B, a NS4B/NS5A, or a NS5A/NS5B junction cleavage site.  

[00446] In some embodiments, the NS3 protease can be repressed by a protease inhibitor. 

Any suitable protease inhibitor can be used, including, but not limited to, simeprevir, 

danoprevir, asunaprevir, ciluprevir, boceprevir, sovaprevir, paritaprevir, telaprevir, 

grazoprevir, glecaprevir, and voxiloprevir, or any combination thereof. In some 

embodiments, the protease inhibitor is selected from: simeprevir, danoprevir, asunaprevir, 

ciluprevir, boceprevir, sovaprevir, paritaprevir, telaprevir, grazoprevir, glecaprevir, and 

voxiloprevir. In some embodiments, the protease inhibitor is grazoprevir. In some 

embodiments, the protease inhibitor is a combination of grazoprevir and elbasvir (a NS5A 

inhibitor of the hepatitis C virus NS5A replication complex). Grazoprevir and elbasvir can be 

co-formulated as a pharmaceutical composition, such as in tablet form (e.g., the tablet 

available under the tradename Zepatier®). Grazoprevir and elbasvir can be co-formulated at a 

2:1 weight ratio, respectively, such as at a unit dose of 100 mg grazoprevir 50 mg elbasvir 

(e.g., as in the tablet available under the tradename Zepatier®). Protease inhibitors that are 

structurally similar to grazoprevir can be used, such as any with the general formula (I) below  

 

where 
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is one or more rings selected from the group consisting of: 

 

R1 is selected from the group consisting of —CO2R
10 and —CONR10SO2R

6; R2 is —

CH═CH2; R
3 is C1-C6 alkyl; R6 is C3 cycloalkyl; Y is selected from the group consisting of —

OC(O)—; Z is a direct bond; M is selected from the group consisting of C1-C12 alkylenes and 

C2-C12 alkenylenes, M is substituted with 1 to 2 substituents F independently selected from 

the group consisting of C1-C8 alkyl and ═CH2; X is selected from the group consisting of —

(CH2)0-3O—, where  is attached to —(CH2)0-3 if present; and each R10 is independently H. 

Grazoprevir, elbasvir, and combinations thereof are described in U.S. Pat. Nos. 9,738,661; 

7,973,040; and 8,871,759 and U.S. Pat. Pub No. US20160243128, each herein incorporated 

by reference for all purposes. 

https://patentimages.storage.googleapis.com/fe/11/b2/dbb218ab0680de/US09738661-20170822-P00001.png
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[00447] In some embodiments, an ACP of the present disclosure comprises a small 

molecule (e.g., drug) inducible hormone-binding domain of estrogen receptor (ERT2 

domain). In some embodiments, the ERT2 domain is an estrogen receptor variant that binds 

to tamoxifen, and metabolites thereof, but not to estradiol. Non-limiting examples of 

tamoxifen metabolites may include 4-hydroxytamoxifen, N-desmethyltamoxifen, tamoxifen-

N-oxide, and endoxifen. In some embodiments, when expressed in a cell and in the absence 

of the small molecule (e.g., tamoxifen or a metabolite thereof) the ACP comprising the ERT2 

domain binds to HSP90 and is maintained in the cytoplasm of the cell. In some embodiments, 

upon introduction of the small molecule (e.g., tamoxifen or a metabolite thereof), the small 

molecule displaces HSP90 bound to the ERT2 domain, which allows the ACP comprising the 

ERT2 domain to translocate to the nucleus of the cell.  

[00448] Accordingly, in some embodiments an ACP of the present disclosure comprising 

an ERT2 domain is capable of undergoing nuclear localization upon binding of the ERT2 

domain to tamoxifen or a metabolite thereof. In some embodiments, the tamoxifen metabolite 

is selected from 4-hydroxy-tamoxifen (4-OHT), N-desmethyltamoxifen, tamoxifen-N-oxide, 

and endoxifen. 

[00449]  

Degredation Sequences and Degrons 

[00450] In some embodiments, the ACP further comprises a degron, wherein the degron is 

operably linked to the ACP. In some embodiments, the degron is localized 5’ of the 

repressible protease, 3’ of the repressible protease, 5’ of the DNA-binding domain, 3’ of the 

DNA-binding domain, 5’ of the effector domain, or 3’ of the effector domain. 

[00451] The terms “degron” “degron domain,” as used herein, refers to a protein or a part 

thereof that is important in regulation of protein degradation rates. Various degrons known in 

the art, including but not limited to short amino acid sequences, structural motifs, and 

exposed amino acids, can be used in various embodiments of the present disclosure. Degrons 

identified from a variety of organisms can be used. Degrons and degron pathways are 

generally known, see, e.g., Varshazsky A., PNAS 2019 Jan 8;116(2):358-366, hereby 

incorporated by reference. 

[00452] The term “degradation sequence” as used herein, refers to a sequence that 

promotes degradation of an attached protein through either the proteasome or autophagy-

lysosome pathways. Degradation sequences known in the art can be used for various 

embodiments of the present disclosure. In some embodiments, a degradation sequence 
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comprises a degron identified from an organism, or a modification thereof. In some 

embodiments, a degradation sequence is a polypeptide that destabilize a protein such that 

half-life of the protein is reduced at least two-fold, when fused to the protein. Many different 

degradation sequences/signals (e.g., of the ubiquitin- proteasome system) are known in the 

art, any of which may be used as provided herein. A degradation sequence may be operably 

linked to a cell receptor, but need not be contiguous with it as long as the degradation 

sequence still functions to direct degradation of the cell receptor. In some embodiments, the 

degradation sequence induces rapid degradation of the cell receptor. For a discussion of 

degradation sequences and their function in protein degradation, see, e.g., Kanemaki et al. 

(2013) Pflugers Arch. 465(3):4l9-425, Erales et al. (2014) Biochim Biophys Acta 

1843(l):216-221 , Schrader et al. (2009) Nat. Chem. Biol. 5(11): 815-822, Ravid et al. (2008) 

Nat. Rev. Mol. Cell. Biol. 9(9):679-690, Tasaki et al. (2007)Trends Biochem Sci. 32(1 

1):520-528, Meinnel et al. (2006) Biol. Chem. 387(7):839- 851, Kim et al. (2013) Autophagy 

9(7): 1100-1103, Varshavsky (2012) Methods Mol. Biol. 832: 1-11, and Fayadat et al. (2003) 

Mol Biol Cell. 14(3): 1268-1278; herein incorporated by reference. 

[00453] In some embodiments, the degron or degradation sequence is selected from: HCV 

NS4 degron, PEST (two copies of residues 277-307 of human IκBα), GRR (residues 352-408 

of human p105), DRR (residues 210-295 of yeast Cdc34), SNS (tandem repeat of SP2 and 

NB (SP2-NB-SP2 of influenza A or influenza B), RPB (four copies of residues 1688-1702 of 

yeast RPB), SPmix (tandem repeat of SP1 and SP2 (SP2-SP1-SP2-SP1-SP2 of influenza A 

virus M2 protein), NS2 (three copies of residues 79-93 of influenza A virus NS protein), 

ODC (residues 106-142 of ornithine decarboxylase), Nek2A, mouse ODC (residues 422–

461), mouse ODC_DA (residues 422-461 of mODC including D433A and D434A point 

mutations), an APC/C degron, a COP1 E3 ligase binding degron motif, a CRL4-Cdt2 binding 

PIP degron, an actinfilin-binding degron, a KEAP1 binding degron, a KLHL2 and KLHL3 

binding degron, an MDM2 binding motif, an N-degron, a hydroxyproline modification in 

hypoxia signaling, a phytohormone-dependent SCF-LRR-binding degron, an SCF ubiquitin 

ligase binding phosphodegron, a phytohormone-dependent SCF-LRR-binding degron, a 

DSGxxS phospho-dependent degron (SEQ ID NO: 163), an Siah binding motif, an SPOP 

SBC docking motif, and a PCNA binding PIP box.  

[00454] In some embodiments, the degron comprises a cereblon (CRBN) polypeptide 

substrate domain capable of binding CRBN in response to an immunomodulatory drug 

(IMiD) thereby promoting ubiquitin pathway-mediated degradation of the ACP. In some 

embodiments, the CRBN polypeptide substrate domain is selected from: IKZF1, IKZF3, 
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CKla, ZFP91, GSPT1, MEIS2, GSS E4F1, ZN276, ZN517, ZN582, ZN653, ZN654, ZN692, 

ZN787, and ZN827, or a fragment thereof that is capable of drug-inducible binding of 

CRBN. In some embodiments, the CRBN polypeptide substrate domain is a chimeric fusion 

product of native CRBN polypeptide sequences. In some embodiments, the CRBN 

polypeptide substrate domain is a IKZF3/ZFP91/IKZF3 chimeric fusion product having the 

amino acid sequence of 

FNVLMVHKRSHTGERPLQCEICGFTCRQKGNLLRHIKLHTGEKPFKCHLCNYACQRR

DAL (SEQ ID NO: 131). 

[00455] In some embodiments, the immunomodulatory drug (IMiD) is an FDA-approved 

drug. In some embodiments, the IMiD is selected from: thalidomide, lenalidomide, and 

pomalidomide. 

Promoters 

[00456] In some embodiments, an engineered nucleic acid of the present disclosure 

comprises a first expression cassette comprising a first promoter operably linked to an 

exogenous polynucleotide sequence encoding an activation-conditional control polypeptide 

(ACP). In some embodiments, an engineered nucleic acid of the present disclosure comprises 

a second expression cassette comprising an ACP-responsive promoter operably linked to a 

second exogenous polynucleotide sequence encoding one or more effector molecules. In 

some embodiments, the first expression cassette and second expression cassette are each 

encoded by a separate engineered nucleic acid of the present disclosure. In other 

embodiments, the first expression cassette and the second expression cassette are encoded by 

the same engineered nucleic acid of the present disclosure.  

[00457] In some embodiments, an ACP-responsive promoter of the present disclosure 

comprises an ACP-binding domain and a promoter sequence. In some embodiments, the 

ACP-responsive promoter is operable linked to a nucleotide sequence encoding an effector 

molecule.  

[00458] In some embodiments, an engineered nucleic acid comprises an ACP-responsive 

promoter operably linked to a nucleotide sequence encoding an effector molecule. In some 

embodiments, an engineered nucleic acid comprises an ACP-responsive promoter operably 

linked to a nucleotide sequence encoding at least 2 effector molecules. For example, the 

engineered nucleic acid may comprise an ACP-responsive promoter operably linked to a 

nucleotide sequence encoding at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at 

least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at 
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least 17, at least 18, at least 19, or at least 20 effector molecules. In some embodiments, an 

engineered nucleic acid comprises an ACP-responsive promoter operably linked to a 

nucleotide sequence encoding 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 

or more effector molecules. 

[00459] A “promoter” refers to a control region of a nucleic acid sequence at which 

initiation and rate of transcription of the remainder of a nucleic acid sequence are controlled.  

A promoter may also contain sub-regions at which regulatory proteins and molecules may 

bind, such as RNA polymerase and other transcription factors. Promoters may be 

constitutive, inducible, repressible, tissue-specific or any combination thereof. A promoter 

drives expression or drives transcription of the nucleic acid sequence that it regulates. Herein, 

a promoter is considered to be “operably linked” when it is in a correct functional location 

and orientation in relation to a nucleic acid sequence it regulates to control (“drive”) 

transcriptional initiation and/or expression of that sequence. 

[00460] A promoter may be one naturally associated with a gene or sequence, as may be 

obtained by isolating the 5' non-coding sequences located upstream of the coding segment of 

a given gene or sequence. Such a promoter can be referred to as “endogenous.” In some 

embodiments, a coding nucleic acid sequence may be positioned under the control of a 

recombinant or heterologous promoter, which refers to a promoter that is not normally 

associated with the encoded sequence in its natural environment. Such promoters may 

include promoters of other genes; promoters isolated from any other cell; and synthetic 

promoters or enhancers that are not "naturally occurring" such as, for example, those that 

contain different elements of different transcriptional regulatory regions and/or mutations that 

alter expression through methods of genetic engineering that are known in the art. In addition 

to producing nucleic acid sequences of promoters and enhancers synthetically, sequences 

may be produced using recombinant cloning and/or nucleic acid amplification technology, 

including polymerase chain reaction (PCR) (see, e.g., U.S. Pat. No. 4,683,202 and U.S. Pat. 

No. 5,928,906).  

[00461] Promoters of an engineered nucleic acid of the present disclosure may be 

“inducible promoters,” which refer to promoters that are characterized by regulating (e.g., 

initiating or activating) transcriptional activity when in the presence of, influenced by or 

contacted by a signal. The signal may be endogenous or a normally exogenous condition 

(e.g., light), compound (e.g., chemical or non-chemical compound) or protein (e.g., cytokine) 

that contacts an inducible promoter in such a way as to be active in regulating transcriptional 

activity from the inducible promoter. Activation of transcription may involve directly acting 
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on a promoter to drive transcription or indirectly acting on a promoter by inactivation a 

repressor that is preventing the promoter from driving transcription. Conversely, deactivation 

of transcription may involve directly acting on a promoter to prevent transcription or 

indirectly acting on a promoter by activating a repressor that then acts on the promoter. 

[00462] A promoter is “responsive to” or “modulated by” a local tumor state (e.g., 

inflammation or hypoxia) or signal if in the presence of that state or signal, transcription from 

the promoter is activated, deactivated, increased, or decreased. In some embodiments, the 

promoter comprises a response element. A “response element” is a short sequence of DNA 

within a promoter region that binds specific molecules (e.g., transcription factors) that 

modulate (regulate) gene expression from the promoter. Response elements that may be used 

in accordance with the present disclosure include, without limitation, a phloretin-adjustable 

control element (PEACE), a zinc-finger DNA-binding domain (DBD), an interferon-gamma-

activated sequence (GAS) (Decker, T. et al. J Interferon Cytokine Res. 1997 Mar;17(3):121-

34, incorporated herein by reference), an interferon-stimulated response element (ISRE) 

(Han, K. J. et al. J Biol Chem. 2004 Apr 9;279(15):15652-61, incorporated herein by 

reference), a NF-kappaB response element (Wang, V. et al. Cell Reports. 2012; 2(4): 824-

839, incorporated herein by reference), and a STAT3 response element (Zhang, D. et al. J of 

Biol Chem. 1996; 271: 9503-9509, incorporated herein by reference). Other response 

elements are encompassed herein. Response elements can also contain tandem repeats (e.g., 

consecutive repeats of the same nucleotide sequence encoding the response element) to 

generally increase sensitivity of the response element to its cognate binding molecule. 

Tandem repeats can be labeled 2X, 3X, 4X, 5X, etc. to denote the number of repeats present. 

[00463] Non-limiting examples of responsive promoters (also referred to as “inducible 

promoters”) (e.g., TGF-beta responsive promoters) are listed in Table 2, which shows the 

design of the promoter and transcription factor, as well as the effect of the inducer molecule 

towards the transcription factor (TF) and transgene transcription (T) is shown (B, binding; D, 

dissociation; n.d., not determined) (A, activation; DA, deactivation; DR, derepression) (see 

Horner, M. & Weber, W. FEBS Letters 586 (2012) 20784-2096m, and references cited 

therein). Other non-limiting examples of inducible promoters include those shown in Table 3. 
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Table 2. Exemplary Inducible Promoters 

System 
Promoter and 

operator 

Transcription 

factor (TF) 

Inducer 

molecule 
Response to inducer 

    TF T 

Transcriptional activator-responsive promoters  

AIR 
PAIR (OalcA-

PhCMVmin) 
AlcR Acetaldehyde n.d. A 

ART 
PART (OARG-

PhCMVmin) 
ArgR-VP16 l-Arginine B A 

BIT 
PBIT3 (OBirA3-

PhCMVmin) 
BIT (BirA-VP16) Biotin B A 

Cumate – activator 
PCR5 (OCuO6-

PhCMVmin) 

cTA (CymR-

VP16) 
Cumate D DA 

Cumate – reverse 

activator 

PCR5 (OCuO6-

PhCMVmin) 

rcTA (rCymR-

VP16) 
Cumate B A 

E-OFF 
PETR (OETR-

PhCMVmin) 
ET (E-VP16) 

Erythromyci

n 
D DA 

NICE-OFF 
PNIC (ONIC-

PhCMVmin) 
NT (HdnoR-VP16) 

6-Hydroxy-

nicotine 
D DA 

PEACE 
PTtgR1 (OTtgR-

PhCMVmin) 

TtgA1 (TtgR-

VP16) 
Phloretin D DA 

PIP-OFF 
PPIR (OPIR-

Phsp70min) 
PIT (PIP-VP16) 

Pristinamyci

n I 
D DA 

QuoRex 

PSCA (OscbR-

PhCMVmin)PSPA 

(OpapRI-PhCMVmin) 

SCA (ScbR-VP16) SCB1 D DA 

Redox 
PROP (OROP-

PhCMVmin) 

REDOX (REX-

VP16) 
NADH D DA 

TET-OFF 
PhCMV∗-1 (OtetO7-

PhCMVmin) 
tTA (TetR-VP16) Tetracycline D DA 

TET-ON 
PhCMV∗-1 (OtetO7-

PhCMVmin) 
rtTA (rTetR-VP16) Doxycycline B A 

TIGR 
PCTA (OrheO-

PhCMVmin) 
CTA (RheA-VP16) Heat D DA 

TraR 
O7x(tra box)-

PhCMVmin 
p65-TraR 

3-Oxo-C8-

HSL 
B A 

VAC-OFF 
P1VanO2 (OVanO2-

PhCMVmin) 

VanA1 (VanR-

VP16) 
Vanillic acid D DA 

Transcriptional repressor-responsive promoters  

Cumate - repressor 
PCuO (PCMV5-

OCuO) 
CymR Cumate D DR 

E-ON 
PETRON8 (PSV40-

OETR8) 
E-KRAB 

Erythromyci

n 
D DR 

NICE-ON 
PNIC (PSV40-

ONIC8) 

NS (HdnoR-

KRAB) 

6-Hydroxy-

nicotine 
D DR 

PIP-ON 
PPIRON (PSV40-

OPIR3) 
PIT3 (PIP-KRAB) 

Pristinamyci

n I 
D DR 

Q-ON 
PSCAON8 (PSV40-

OscbR8) 

SCS (ScbR-

KRAB) 
SCB1 D DR 

TET- OtetO-PHPRT tTS-H4 (TetR- Doxycycline D DR 
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System 
Promoter and 

operator 

Transcription 

factor (TF) 

Inducer 

molecule 
Response to inducer 

ON<comma> 

repressor-based 

HDAC4) 

T-REX 
PTetO (PhCMV-

OtetO2) 
TetR Tetracycline D DR 

UREX 
PUREX8 (PSV40-

OhucO8) 

mUTS (KRAB-

HucR) 
Uric acid D DR 

VAC-ON 
PVanON8 (PhCMV-

OVanO8) 

VanA4 (VanR-

KRAB) 
Vanillic acid D DR 

Hybrid promoters     

QuoRexPIP-

ON(NOT IF gate) 

OscbR8-OPIR3-

PhCMVmin 
SCAPIT3 

SCB1Pristina

mycin I 
DD DADR 

QuoRexE-

ON(NOT IF gate) 

OscbR-OETR8-

PhCMVmin 
SCAE-KRAB 

SCB1Erythro

mycin 
DD DADR 

TET-OFFE-

ON(NOT IF gate) 

OtetO7-OETR8-

PhCMVmin 
tTAE-KRAB 

Tetracycline

Erythromyci

n 

DD DADR 

TET-OFFPIP-

ONE-ON 

OtetO7-OPIR3-

OETR8-PhCMVmin 
tTAPIT3E-KRAB 

Tetracycline

Pristinamyci

n 

IErythromyci

n 

DDD 
DADRD

R 

 

Table 3. Exemplary Inducible Promoters 

Name DNA SEQUENCE Source 

minimal promoter; minP AGAGGGTATATAATGGAAGCTCGACTTC

CAG (SEQ ID NO: 1) 

EU581860.1 

(Promega) 

NFkB response element 

protein promoter; 5x 

NFkB-RE 

GGGAATTTCCGGGGACTTTCCGGGAATT

TCCGGGGACTTTCCGGGAATTTCC (SEQ 

ID NO: 2) 

EU581860.1 

(Promega) 

CREB response element 

protein promoter; 4x CRE 

CACCAGACAGTGACGTCAGCTGCCAGAT

CCCATGGCCGTCATACTGTGACGTCTTT

CAGACACCCCATTGACGTCAATGGGAG

AA (SEQ ID NO: 3) 

DQ904461.1 

(Promega) 

NFAT response element 

protein promoter; 3x NFAT 

binding sites 

GGAGGAAAAACTGTTTCATACAGAAGG

CGTGGAGGAAAAACTGTTTCATACAGA

AGGCGTGGAGGAAAAACTGTTTCATAC

AGAAGGCGT (SEQ ID NO: 4) 

DQ904462.1 

(Promega) 

SRF response element 

protein promoter; 5x SRE 

AGGATGTCCATATTAGGACATCTAGGAT

GTCCATATTAGGACATCTAGGATGTCCA

TATTAGGACATCTAGGATGTCCATATTA

GGACATCTAGGATGTCCATATTAGGACA

TCT (SEQ ID NO: 5) 

FJ773212.1 

(Promega) 

SRF response element 

protein promoter 2; 5x 

SRF-RE 

AGTATGTCCATATTAGGACATCTACCAT

GTCCATATTAGGACATCTACTATGTCCA

TATTAGGACATCTTGTATGTCCATATTA

GGACATCTAAAATGTCCATATTAGGACA

TCT (SEQ ID NO: 6) 

FJ773213.1 

(Promega) 

AP1 response element 

protein promoter; 6x AP1-

RE 

TGAGTCAGTGACTCAGTGAGTCAGTGAC

TCAGTGAGTCAGTGACTCAG (SEQ ID 

NO: 7) 

JQ858516.1 

(Promega) 
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Name DNA SEQUENCE Source 

TCF-LEF response element 

promoter; 8x TCF-LEF-RE 

AGATCAAAGGGTTTAAGATCAAAGGGC

TTAAGATCAAAGGGTATAAGATCAAAG

GGCCTAAGATCAAAGGGACTAAGATCA

AAGGGTTTAAGATCAAAGGGCTTAAGA

TCAAAGGGCCTA (SEQ ID NO: 8) 

JX099537.1 

(Promega) 

SBEx4 GTCTAGACGTCTAGACGTCTAGACGTCT

AGAC (SEQ ID NO: 9) 

Addgene Cat No: 16495 

SMAD2/3 - CAGACA x4 CAGACACAGACACAGACACAGACA 

(SEQ ID NO: 10) 

Jonk et al. (J Biol Chem. 

1998 Aug 

14;273(33):21145-52. 

STAT3 binding site Ggatccggtactcgagatctgcgatctaagtaagcttggcattcc

ggtactgttggtaaagccac (SEQ ID NO: 11) 

Addgene Sequencing 

Result #211335 

5x NFAT GGGACTTTCCACTGGGGACTTTCCACTG

GGGACTTTCCACTGGGGACTTTCCACTG

GGGACTTTCC (SEQ ID NO: 152) 

 

min AdeP AGACGCTAGCGGGGGGCTATAAAAGGG

GGTGGGGGCGTTCGTCCTCACTCT (SEQ 

ID NO: 153) 

 

5x NFAT_minAdeP GGGACTTTCCACTGGGGACTTTCCACTG

GGGACTTTCCACTGGGGACTTTCCACTG

GGGACTTTCCACTCCTGCAGGagctGGCG

CGCCAGACGCTAGCGGGGGGCTATAAA

AGGGGGTGGGGGCGTTCGTCCTCACTCT 

(SEQ ID NO: 154) 

 

YB-TATA TCTAGAGGGTATATAATGGGGGCCA 

(SEQ ID NO: 155) 

 

[00464] Other non-limiting examples of promoters include the cytomegalovirus (CMV) 

promoter, the elongation factor 1-alpha (EF1a) promoter, the elongation factor (EFS) 

promoter, the MND promoter (a synthetic promoter that contains the U3 region of a modified 

MoMuLV LTR with myeloproliferative sarcoma virus enhancer), the phosphoglycerate 

kinase (PGK) promoter, the spleen focus-forming virus (SFFV) promoter, the simian virus 40 

(SV40) promoter, and the ubiquitin C (UbC) promoter. In some embodiments, the promoter 

is a constitutive promoter. Exemplary constitutive promoters are shown in Table 4.  

 

Table 4. Exemplary Constitutive Promoters 

Name DNA SEQUENCE 

CMV 

GTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTT

CATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGG

CTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAG

TAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAAC

TGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACG

TCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGA

CTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGC

GGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCC

AAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGG

GACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGC

GTGTACGGTGGGAGGTCTATATAAGCAGAGCTC (SEQ ID NO: 12) 

EF1a GGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGT

TGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAA



72 

 

Name DNA SEQUENCE 

ACTGGGAAAGTGATGCCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGA

ACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCG

CCAGAACACAGGTAAGTGCCGTGTGTGGTTCCCGCGGGCCTGGCCTCTTTACGGG

TTATGGCCCTTGCGTGCCTTGAATTACTTCCACCTGGCTGCAGTACGTGATTCTTG

ATCCCGAGCTTCGGGTTGGAAGTGGGTGGGAGAGTTCGAGGCCTTGCGCTTAAGG

AGCCCCTTCGCCTCGTGCTTGAGTTGAGGCCTGGCCTGGGCGCTGGGGCCGCCGC

GTGCGAATCTGGTGGCACCTTCGCGCCTGTCTCGCTGCTTTCGATAAGTCTCTAGC

CATTTAAAATTTTTGATGACCTGCTGCGACGCTTTTTTTCTGGCAAGATAGTCTTGT

AAATGCGGGCCAAGATCTGCACACTGGTATTTCGGTTTTTGGGGCCGCGGGCGGC

GACGGGGCCCGTGCGTCCCAGCGCACATGTTCGGCGAGGCGGGGCCTGCGAGCGC

GACCACCGAGAATCGGACGGGGGTAGTCTCAAGCTGGCCGGCCTGCTCTGGTGCC

TGTCCTCGCGCCGCCGTGTATCGCCCCGCCCCGGGCGGCAAGGCTGGCCCGGTCG

GCACCAGTTGCGTGAGCGGAAAGATGGCCGCTTCCCGGTCCTGCTGCAGGGAGCT

CAAAATGGAGGACGCGGCGCTCGGGAGAGCGGGCGGGTGAGTCACCCACACAAA

GGAAAAGGGCCTTTCCGTCCTCAGCCGTCGCTTCATGTGACTCCACGGAGTACCG

GGCGCCGTCCAGGCACCTCGATTAGTTCTCGAGCTTTTGGAGTACGTCGTCTTTAG

GTTGGGGGGAGGGGTTTTATGCGATGGAGTTTCCCCACACTGAGTGGGTGGAGAC

TGAAGTTAGGCCAGCTTGGCACTTGATGTAATTCTCCTTGGAATTTGCCCTTTTTG

AGTTTGGATCTTGGTTCATTCTCAAGCCTCAGACAGTGGTTCAAAGTTTTTTTCTTC

CATTTCAGGTGTCGTGA (SEQ ID NO: 13) 

EFS 

GGATCTGCGATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGT

CCCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTG

GCGCGGGGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAG

GGTGGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCA

ACGGGTTTGCCGCCAGAACACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTTC

ACGCGCCCGCCGCCCTACCTGAGGCCGCCATCCACGCCGGTTGAGTCGCGTTCTGC

CGCCTCCCGCCTGTGGTGCCTCCTGAACTGCGTCCGCCGTCTAGGTAAGTTTAAAG

CTCAGGTCGAGACCGGGCCTTTGTCCGGCGCTCCCTTGGAGCCTACCTAGACTCAG

CCGGCTCTCCACGCTTTGCCTGACCCTGCTTGCTCAACTCTACGTCTTTGTTTCGTT

TTCTGTTCTGCGCCGTTACAGATCCAAGCTGTGACCGGCGCCTAC (SEQ ID NO: 14) 

MND 

TTTATTTAGTCTCCAGAAAAAGGGGGGAATGAAAGACCCCACCTGTAGGTTTGGC

AAGCTAGGATCAAGGTTAGGAACAGAGAGACAGCAGAATATGGGCCAAACAGGA

TATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCAAGAACAGTTGGAACAGC

AGAATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGG

CCAAGAACAGATGGTCCCCAGATGCGGTCCCGCCCTCAGCAGTTTCTAGAGAACC

ATCAGATGTTTCCAGGGTGCCCCAAGGACCTGAAATGACCCTGTGCCTTATTTGAA

CTAACCAATCAGTTCGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTCCCCGAGCTCAA

TAAAAGAGCCCA (SEQ ID NO: 15) 

PGK 

GGGGTTGGGGTTGCGCCTTTTCCAAGGCAGCCCTGGGTTTGCGCAGGGACGCGGC

TGCTCTGGGCGTGGTTCCGGGAAACGCAGCGGCGCCGACCCTGGGTCTCGCACAT

TCTTCACGTCCGTTCGCAGCGTCACCCGGATCTTCGCCGCTACCCTTGTGGGCCCC

CCGGCGACGCTTCCTGCTCCGCCCCTAAGTCGGGAAGGTTCCTTGCGGTTCGCGGC

GTGCCGGACGTGACAAACGGAAGCCGCACGTCTCACTAGTACCCTCGCAGACGGA

CAGCGCCAGGGAGCAATGGCAGCGCGCCGACCGCGATGGGCTGTGGCCAATAGC

GGCTGCTCAGCGGGGCGCGCCGAGAGCAGCGGCCGGGAAGGGGCGGTGCGGGAG

GCGGGGTGTGGGGCGGTAGTGTGGGCCCTGTTCCTGCCCGCGCGGTGTTCCGCATT

CTGCAAGCCTCCGGAGCGCACGTCGGCAGTCGGCTCCCTCGTTGACCGAATCACC

GACCTCTCTCCCCAG (SEQ ID NO: 16) 

SFFV 

GTAACGCCATTTTGCAAGGCATGGAAAAATACCAAACCAAGAATAGAGAAGTTCA

GATCAAGGGCGGGTACATGAAAATAGCTAACGTTGGGCCAAACAGGATATCTGCG

GTGAGCAGTTTCGGCCCCGGCCCGGGGCCAAGAACAGATGGTCACCGCAGTTTCG

GCCCCGGCCCGAGGCCAAGAACAGATGGTCCCCAGATATGGCCCAACCCTCAGCA

GTTTCTTAAGACCCATCAGATGTTTCCAGGCTCCCCCAAGGACCTGAAATGACCCT

GCGCCTTATTTGAATTAACCAATCAGCCTGCTTCTCGCTTCTGTTCGCGCGCTTCTG

CTTCCCGAGCTCTATAAAAGAGCTCACAACCCCTCACTCGGCGCGCCAGTCCTCCG
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Name DNA SEQUENCE 

ACAGACTGAGTCGCCCGGG (SEQ ID NO: 17) 

SV40 

CTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCA

GAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCC

AGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACC

ATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCA

TTCTCCGCCCCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCT

CTGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTT

TGCAAAAAGCT (SEQ ID NO: 18) 

UbC 

GCGCCGGGTTTTGGCGCCTCCCGCGGGCGCCCCCCTCCTCACGGCGAGCGCTGCC

ACGTCAGACGAAGGGCGCAGGAGCGTTCCTGATCCTTCCGCCCGGACGCTCAGGA

CAGCGGCCCGCTGCTCATAAGACTCGGCCTTAGAACCCCAGTATCAGCAGAAGGA

CATTTTAGGACGGGACTTGGGTGACTCTAGGGCACTGGTTTTCTTTCCAGAGAGCG

GAACAGGCGAGGAAAAGTAGTCCCTTCTCGGCGATTCTGCGGAGGGATCTCCGTG

GGGCGGTGAACGCCGATGATTATATAAGGACGCGCCGGGTGTGGCACAGCTAGTT

CCGTCGCAGCCGGGATTTGGGTCGCGGTTCTTGTTTGTGGATCGCTGTGATCGTCA

CTTGGTGAGTTGCGGGCTGCTGGGCTGGCCGGGGCTTTCGTGGCCGCCGGGCCGC

TCGGTGGGACGGAAGCGTGTGGAGAGACCGCCAAGGGCTGTAGTCTGGGTCCGCG

AGCAAGGTTGCCCTGAACTGGGGGTTGGGGGGAGCGCACAAAATGGCGGCTGTTC

CCGAGTCTTGAATGGAAGACGCTTGTAAGGCGGGCTGTGAGGTCGTTGAAACAAG

GTGGGGGGCATGGTGGGCGGCAAGAACCCAAGGTCTTGAGGCCTTCGCTAATGCG

GGAAAGCTCTTATTCGGGTGAGATGGGCTGGGGCACCATCTGGGGACCCTGACGT

GAAGTTTGTCACTGACTGGAGAACTCGGGTTTGTCGTCTGGTTGCGGGGGCGGCA

GTTATGCGGTGCCGTTGGGCAGTGCACCCGTACCTTTGGGAGCGCGCGCCTCGTCG

TGTCGTGACGTCACCCGTTCTGTTGGCTTATAATGCAGGGTGGGGCCACCTGCCGG

TAGGTGTGCGGTAGGCTTTTCTCCGTCGCAGGACGCAGGGTTCGGGCCTAGGGTA

GGCTCTCCTGAATCGACAGGCGCCGGACCTCTGGTGAGGGGAGGGATAAGTGAGG

CGTCAGTTTCTTTGGTCGGTTTTATGTACCTATCTTCTTAAGTAGCTGAAGCTCCGG

TTTTGAACTATGCGCTCGGGGTTGGCGAGTGTGTTTTGTGAAGTTTTTTAGGCACC

TTTTGAAATGTAATCATTTGGGTCAATATGTAATTTTCAGTGTTAGACTAGTAAAG

CTTCTGCAGGTCGACTCTAGAAAATTGTCCGCTAAATTCTGGCCGTTTTTGGCTTTT

TTGTTAGAC (SEQ ID NO: 19) 

hEF1aV1 GGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGT

TGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAA

ACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGA

ACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCG

CCAGAACACAGGTAAGTGCCGTGTGTGGTTCCCGCGGGCCTGGCCTCTTTACGGG

TTATGGCCCTTGCGTGCCTTGAATTACTTCCACCTGGCTGCAGTACGTGATTCTTG

ATCCCGAGCTTCGGGTTGGAAGTGGGTGGGAGAGTTCGAGGCCTTGCGCTTAAGG

AGCCCCTTCGCCTCGTGCTTGAGTTGAGGCCTGGCCTGGGCGCTGGGGCCGCCGC

GTGCGAATCTGGTGGCACCTTCGCGCCTGTCTCGCTGCTTTCGATAAGTCTCTAGC

CATTTAAAATTTTTGATGACCTGCTGCGACGCTTTTTTTCTGGCAAGATAGTCTTGT

AAATGCGGGCCAAGATCTGCACACTGGTATTTCGGTTTTTGGGGCCGCGGGCGGC

GACGGGGCCCGTGCGTCCCAGCGCACATGTTCGGCGAGGCGGGGCCTGCGAGCGC

GGCCACCGAGAATCGGACGGGGGTAGTCTCAAGCTGGCCGGCCTGCTCTGGTGCC

TGGTCTCGCGCCGCCGTGTATCGCCCCGCCCTGGGCGGCAAGGCTGGCCCGGTCG

GCACCAGTTGCGTGAGCGGAAAGATGGCCGCTTCCCGGCCCTGCTGCAGGGAGCT

CAAAATGGAGGACGCGGCGCTCGGGAGAGCGGGCGGGTGAGTCACCCACACAAA

GGAAAAGGGCCTTTCCGTCCTCAGCCGTCGCTTCATGTGACTCCACGGAGTACCG

GGCGCCGTCCAGGCACCTCGATTAGTTCTCGAGCTTTTGGAGTACGTCGTCTTTAG

GTTGGGGGGAGGGGTTTTATGCGATGGAGTTTCCCCACACTGAGTGGGTGGAGAC

TGAAGTTAGGCCAGCTTGGCACTTGATGTAATTCTCCTTGGAATTTGCCCTTTTTG

AGTTTGGATCTTGGTTCATTCTCAAGCCTCAGACAGTGGTTCAAAGTTTTTTTCTTC

CATTTCAGGTGTCGTGA (SEQ ID NO: 20) 

hCAGG ACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGA

GTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGAC

CCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGA
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Name DNA SEQUENCE 

CTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTA

CATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAAT

GGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAG

TACATCTACGTATTAGTCATCGCTATTACCATGGTCGAGGTGAGCCCCACGTTCTG

CTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTATTTATTTATTTTT

TAATTATTTTGTGCAGCGATGGGGGCGGGGGGGGGGGGGGGGCGCGCGCCAGGC

GGGGCGGGGCGGGGCGAGGGGCGGGGCGGGGCGAGGCGGAGAGGTGCGGCGGC

AGCCAATCAGAGCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGG

CGGCGGCCCTATAAAAAGCGAAGCGCGCGGCGGGCGGGGAGTCGCTGCGACGCT

GCCTTCGCCCCGTGCCCCGCTCCGCCGCCGCCTCGCGCCGCCCGCCCCGGCTCTGA

CTGACCGCGTTACTCCCACAGGTGAGCGGGCGGGACGGCCCTTCTCCTCCGGGCT

GTAATTAGCGCTTGGTTTAATGACGGCTTGTTTCTTTTCTGTGGCTGCGTGAAAGC

CTTGAGGGGCTCCGGGAGGGCCCTTTGTGCGGGGGGAGCGGCTCGGGGGGTGCGT

GCGTGTGTGTGTGCGTGGGGAGCGCCGCGTGCGGCTCCGCGCTGCCCGGCGGCTG

TGAGCGCTGCGGGCGCGGCGCGGGGCTTTGTGCGCTCCGCAGTGTGCGCGAGGGG

AGCGCGGCCGGGGGCGGTGCCCCGCGGTGCGGGGGGGGCTGCGAGGGGAACAAA

GGCTGCGTGCGGGGTGTGTGCGTGGGGGGGTGAGCAGGGGGTGTGGGCGCGTCG

GTCGGGCTGCAACCCCCCCTGCACCCCCCTCCCCGAGTTGCTGAGCACGGCCCGG

CTTCGGGTGCGGGGCTCCGTACGGGGCGTGGCGCGGGGCTCGCCGTGCCGGGCGG

GGGGTGGCGGCAGGTGGGGGTGCCGGGCGGGGCGGGGCCGCCTCGGGCCGGGGA

GGGCTCGGGGGAGGGGCGCGGCGGCCCCCGGAGCGCCGGCGGCTGTCGAGGCGC

GGCGAGCCGCAGCCATTGCCTTTTATGGTAATCGTGCGAGAGGGCGCAGGGACTT

CCTTTGTCCCAAATCTGTGCGGAGCCGAAATCTGGGAGGCGCCGCCGCACCCCCT

CTAGCGGGCGCGGGGCGAAGCGGTGCGGCGCCGGCAGGAAGGAAATGGGCGGGG

AGGGCCTTCGTGCGTCGCCGCGCCGCCGTCCCCTTCTCCCTCTCCAGCCTCGGGGC

TGTCCGCGGGGGGACGGCTGCCTTCGGGGGGGACGGGGCAGGGCGGGGTTCGGC

TTCTGGCGTGTGACCGGCGGCTCTAGAGCCTCTGCTAACCATGTTCATGCCTTCTT

CTTTTTCCTACAGCTCCTGGGCAACGTGCTGGTTATTGTGCTGTCTCATCATTTTGG

CAAAGAATTC (SEQ ID NO: 21) 

hEF1aV2 GGGCAGAGCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCA

ATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGT

GTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAGTA

GTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAG (SEQ ID 

NO: 22) 

hACTb CCACTAGTTCCATGTCCTTATATGGACTCATCTTTGCCTATTGCGACACACACTCA

ATGAACACCTACTACGCGCTGCAAAGAGCCCCGCAGGCCTGAGGTGCCCCCACCT

CACCACTCTTCCTATTTTTGTGTAAAAATCCAGCTTCTTGTCACCACCTCCAAGGA

GGGGGAGGAGGAGGAAGGCAGGTTCCTCTAGGCTGAGCCGAATGCCCCTCTGTGG

TCCCACGCCACTGATCGCTGCATGCCCACCACCTGGGTACACACAGTCTGTGATTC

CCGGAGCAGAACGGACCCTGCCCACCCGGTCTTGTGTGCTACTCAGTGGACAGAC

CCAAGGCAAGAAAGGGTGACAAGGACAGGGTCTTCCCAGGCTGGCTTTGAGTTCC

TAGCACCGCCCCGCCCCCAATCCTCTGTGGCACATGGAGTCTTGGTCCCCAGAGTC

CCCCAGCGGCCTCCAGATGGTCTGGGAGGGCAGTTCAGCTGTGGCTGCGCATAGC

AGACATACAACGGACGGTGGGCCCAGACCCAGGCTGTGTAGACCCAGCCCCCCCG

CCCCGCAGTGCCTAGGTCACCCACTAACGCCCCAGGCCTGGTCTTGGCTGGGCGT

GACTGTTACCCTCAAAAGCAGGCAGCTCCAGGGTAAAAGGTGCCCTGCCCTGTAG

AGCCCACCTTCCTTCCCAGGGCTGCGGCTGGGTAGGTTTGTAGCCTTCATCACGGG

CCACCTCCAGCCACTGGACCGCTGGCCCCTGCCCTGTCCTGGGGAGTGTGGTCCTG

CGACTTCTAAGTGGCCGCAAGCCACCTGACTCCCCCAACACCACACTCTACCTCTC

AAGCCCAGGTCTCTCCCTAGTGACCCACCCAGCACATTTAGCTAGCTGAGCCCCAC

AGCCAGAGGTCCTCAGGCCCTGCTTTCAGGGCAGTTGCTCTGAAGTCGGCAAGGG

GGAGTGACTGCCTGGCCACTCCATGCCCTCCAAGAGCTCCTTCTGCAGGAGCGTA

CAGAACCCAGGGCCCTGGCACCCGTGCAGACCCTGGCCCACCCCACCTGGGCGCT

CAGTGCCCAAGAGATGTCCACACCTAGGATGTCCCGCGGTGGGTGGGGGGCCCGA

GAGACGGGCAGGCCGGGGGCAGGCCTGGCCATGCGGGGCCGAACCGGGCACTGC

CCAGCGTGGGGCGCGGGGGCCACGGCGCGCGCCCCCAGCCCCCGGGCCCAGCAC

CCCAAGGCGGCCAACGCCAAAACTCTCCCTCCTCCTCTTCCTCAATCTCGCTCTCG
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Name DNA SEQUENCE 

CTCTTTTTTTTTTTCGCAAAAGGAGGGGAGAGGGGGTAAAAAAATGCTGCACTGT

GCGGCGAAGCCGGTGAGTGAGCGGCGCGGGGCCAATCAGCGTGCGCCGTTCCGA

AAGTTGCCTTTTATGGCTCGAGCGGCCGCGGCGGCGCCCTATAAAACCCAGCGGC

GCGACGCGCCACCACCGCCGAGACCGCGTCCGCCCCGCGAGCACAGAGCCTCGCC

TTTGCCGATCCGCCGCCCGTCCACACCCGCCGCCAGGTAAGCCCGGCCAGCCGAC

CGGGGCAGGCGGCTCACGGCCCGGCCGCAGGCGGCCGCGGCCCCTTCGCCCGTGC

AGAGCCGCCGTCTGGGCCGCAGCGGGGGGCGCATGGGGGGGGAACCGGACCGCC

GTGGGGGGCGCGGGAGAAGCCCCTGGGCCTCCGGAGATGGGGGACACCCCACGC

CAGTTCGGAGGCGCGAGGCCGCGCTCGGGAGGCGCGCTCCGGGGGTGCCGCTCTC

GGGGCGGGGGCAACCGGCGGGGTCTTTGTCTGAGCCGGGCTCTTGCCAATGGGGA

TCGCAGGGTGGGCGCGGCGGAGCCCCCGCCAGGCCCGGTGGGGGCTGGGGCGCC

ATTGCGCGTGCGCGCTGGTCCTTTGGGCGCTAACTGCGTGCGCGCTGGGAATTGGC

GCTAATTGCGCGTGCGCGCTGGGACTCAAGGCGCTAACTGCGCGTGCGTTCTGGG

GCCCGGGGTGCCGCGGCCTGGGCTGGGGCGAAGGCGGGCTCGGCCGGAAGGGGT

GGGGTCGCCGCGGCTCCCGGGCGCTTGCGCGCACTTCCTGCCCGAGCCGCTGGCC

GCCCGAGGGTGTGGCCGCTGCGTGCGCGCGCGCCGACCCGGCGCTGTTTGAACCG

GGCGGAGGCGGGGCTGGCGCCCGGTTGGGAGGGGGTTGGGGCCTGGCTTCCTGCC

GCGCGCCGCGGGGACGCCTCCGACCAGTGTTTGCCTTTTATGGTAATAACGCGGC

CGGCCCGGCTTCCTTTGTCCCCAATCTGGGCGCGCGCCGGCGCCCCCTGGCGGCCT

AAGGACTCGGCGCGCCGGAAGTGGCCAGGGCGGGGGCGACCTCGGCTCACAGCG

CGCCCGGCTAT (SEQ ID NO: 23) 

heIF4A1 GTTGATTTCCTTCATCCCTGGCACACGTCCAGGCAGTGTCGAATCCATCTCTGCTA

CAGGGGAAAACAAATAACATTTGAGTCCAGTGGAGACCGGGAGCAGAAGTAAAG

GGAAGTGATAACCCCCAGAGCCCGGAAGCCTCTGGAGGCTGAGACCTCGCCCCCC

TTGCGTGATAGGGCCTACGGAGCCACATGACCAAGGCACTGTCGCCTCCGCACGT

GTGAGAGTGCAGGGCCCCAAGATGGCTGCCAGGCCTCGAGGCCTGACTCTTCTAT

GTCACTTCCGTACCGGCGAGAAAGGCGGGCCCTCCAGCCAATGAGGCTGCGGGGC

GGGCCTTCACCTTGATAGGCACTCGAGTTATCCAATGGTGCCTGCGGGCCGGAGC

GACTAGGAACTAACGTCATGCCGAGTTGCTGAGCGCCGGCAGGCGGGGCCGGGG

CGGCCAAACCAATGCGATGGCCGGGGCGGAGTCGGGCGCTCTATAAGTTGTCGAT

AGGCGGGCACTCCGCCCTAGTTTCTAAGGACCATG (SEQ ID NO: 24) 

hGAPDH AGTTCCCCAACTTTCCCGCCTCTCAGCCTTTGAAAGAAAGAAAGGGGAGGGGGCA

GGCCGCGTGCAGTCGCGAGCGGTGCTGGGCTCCGGCTCCAATTCCCCATCTCAGTC

GCTCCCAAAGTCCTTCTGTTTCATCCAAGCGTGTAAGGGTCCCCGTCCTTGACTCC

CTAGTGTCCTGCTGCCCACAGTCCAGTCCTGGGAACCAGCACCGATCACCTCCCAT

CGGGCCAATCTCAGTCCCTTCCCCCCTACGTCGGGGCCCACACGCTCGGTGCGTGC

CCAGTTGAACCAGGCGGCTGCGGAAAAAAAAAAGCGGGGAGAAAGTAGGGCCCG

GCTACTAGCGGTTTTACGGGCGCACGTAGCTCAGGCCTCAAGACCTTGGGCTGGG

ACTGGCTGAGCCTGGCGGGAGGCGGGGTCCGAGTCACCGCCTGCCGCCGCGCCCC

CGGTTTCTATAAATTGAGCCCGCAGCCTCCCGCTTCGCTCTCTGCTCCTCCTGTTCG

ACAGTCAGCCGCATCTTCTTTTGCGTCGCCAGGTGAAGACGGGCGGAGAGAAACC

CGGGAGGCTAGGGACGGCCTGAAGGCGGCAGGGGCGGGCGCAGGCCGGATGTGT

TCGCGCCGCTGCGGGGTGGGCCCGGGCGGCCTCCGCATTGCAGGGGCGGGCGGAG

GACGTGATGCGGCGCGGGCTGGGCATGGAGGCCTGGTGGGGGAGGGGAGGGGAG

GCGTGGGTGTCGGCCGGGGCCACTAGGCGCTCACTGTTCTCTCCCTCCGCGCAGCC

GAGCCACATCGCTGAGACAC (SEQ ID NO: 25) 

hGRP78 AGTGCGGTTACCAGCGGAAATGCCTCGGGGTCAGAAGTCGCAGGAGAGATAGAC

AGCTGCTGAACCAATGGGACCAGCGGATGGGGCGGATGTTATCTACCATTGGTGA

ACGTTAGAAACGAATAGCAGCCAATGAATCAGCTGGGGGGGCGGAGCAGTGACG

TTTATTGCGGAGGGGGCCGCTTCGAATCGGCGGCGGCCAGCTTGGTGGCCTGGGC

CAATGAACGGCCTCCAACGAGCAGGGCCTTCACCAATCGGCGGCCTCCACGACGG

GGCTGGGGGAGGGTATATAAGCCGAGTAGGCGACGGTGAGGTCGACGCCGGCCA

AGACAGCACAGACAGATTGACCTATTGGGGTGTTTCGCGAGTGTGAGAGGGAAGC

GCCGCGGCCTGTATTTCTAGACCTGCCCTTCGCCTGGTTCGTGGCGCCTTGTGACC

CCGGGCCCCTGCCGCCTGCAAGTCGGAAATTGCGCTGTGCTCCTGTGCTACGGCCT

GTGGCTGGACTGCCTGCTGCTGCCCAACTGGCTGGCAC (SEQ ID NO: 26) 
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Name DNA SEQUENCE 

hGRP94 TAGTTTCATCACCACCGCCACCCCCCCGCCCCCCCGCCATCTGAAAGGGTTCTAGG

GGATTTGCAACCTCTCTCGTGTGTTTCTTCTTTCCGAGAAGCGCCGCCACACGAGA

AAGCTGGCCGCGAAAGTCGTGCTGGAATCACTTCCAACGAAACCCCAGGCATAGA

TGGGAAAGGGTGAAGAACACGTTGCCATGGCTACCGTTTCCCCGGTCACGGAATA

AACGCTCTCTAGGATCCGGAAGTAGTTCCGCCGCGACCTCTCTAAAAGGATGGAT

GTGTTCTCTGCTTACATTCATTGGACGTTTTCCCTTAGAGGCCAAGGCCGCCCAGG

CAAAGGGGCGGTCCCACGCGTGAGGGGCCCGCGGAGCCATTTGATTGGAGAAAA

GCTGCAAACCCTGACCAATCGGAAGGAGCCACGCTTCGGGCATCGGTCACCGCAC

CTGGACAGCTCCGATTGGTGGACTTCCGCCCCCCCTCACGAATCCTCATTGGGTGC

CGTGGGTGCGTGGTGCGGCGCGATTGGTGGGTTCATGTTTCCCGTCCCCCGCCCGC

GAGAAGTGGGGGTGAAAAGCGGCCCGACCTGCTTGGGGTGTAGTGGGCGGACCG

CGCGGCTGGAGGTGTGAGGATCCGAACCCAGGGGTGGGGGGTGGAGGCGGCTCC

TGCGATCGAAGGGGACTTGAGACTCACCGGCCGCACGTC (SEQ ID NO: 27) 

hHSP70 GGGCCGCCCACTCCCCCTTCCTCTCAGGGTCCCTGTCCCCTCCAGTGAATCCCAGA

AGACTCTGGAGAGTTCTGAGCAGGGGGCGGCACTCTGGCCTCTGATTGGTCCAAG

GAAGGCTGGGGGGCAGGACGGGAGGCGAAAACCCTGGAATATTCCCGACCTGGC

AGCCTCATCGAGCTCGGTGATTGGCTCAGAAGGGAAAAGGCGGGTCTCCGTGACG

ACTTATAAAAGCCCAGGGGCAAGCGGTCCGGATAACGGCTAGCCTGAGGAGCTGC

TGCGACAGTCCACTACCTTTTTCGAGAGTGACTCCCGTTGTCCCAAGGCTTCCCAG

AGCGAACCTGTGCGGCTGCAGGCACCGGCGCGTCGAGTTTCCGGCGTCCGGAAGG

ACCGAGCTCTTCTCGCGGATCCAGTGTTCCGTTTCCAGCCCCCAATCTCAGAGCGG

AGCCGACAGAGAGCAGGGAACCC (SEQ ID NO: 28) 

hKINb GCCCCACCCCCGTCCGCGTTACAACCGGGAGGCCCGCTGGGTCCTGCACCGTCAC

CCTCCTCCCTGTGACCGCCCACCTGATACCCAAACAACTTTCTCGCCCCTCCAGTC

CCCAGCTCGCCGAGCGCTTGCGGGGAGCCACCCAGCCTCAGTTTCCCCAGCCCCG

GGCGGGGCGAGGGGCGATGACGTCATGCCGGCGCGCGGCATTGTGGGGCGGGGC

GAGGCGGGGCGCCGGGGGGAGCAACACTGAGACGCCATTTTCGGCGGCGGGAGC

GGCGCAGGCGGCCGAGCGGGACTGGCTGGGTCGGCTGGGCTGCTGGTGCGAGGA

GCCGCGGGGCTGTGCTCGGCGGCCAAGGGGACAGCGCGTGGGTGGCCGAGGATG

CTGCGGGGCGGTAGCTCCGGCGCCCCTCGCTGGTGACTGCTGCGCCGTGCCTCAC

ACAGCCGAGGCGGGCTCGGCGCACAGTCGCTGCTCCGCGCTCGCGCCCGGCGGCG

CTCCAGGTGCTGACAGCGCGAGAGAGCGCGGCCTCAGGAGCAACAC (SEQ ID NO: 

29) 

hUBIb TTCCAGAGCTTTCGAGGAAGGTTTCTTCAACTCAAATTCATCCGCCTGATAATTTT

CTTATATTTTCCTAAAGAAGGAAGAGAAGCGCATAGAGGAGAAGGGAAATAATTT

TTTAGGAGCCTTTCTTACGGCTATGAGGAATTTGGGGCTCAGTTGAAAAGCCTAAA

CTGCCTCTCGGGAGGTTGGGCGCGGCGAACTACTTTCAGCGGCGCACGGAGACGG

CGTCTACGTGAGGGGTGATAAGTGACGCAACACTCGTTGCATAAATTTGCGCTCC

GCCAGCCCGGAGCATTTAGGGGCGGTTGGCTTTGTTGGGTGAGCTTGTTTGTGTCC

CTGTGGGTGGACGTGGTTGGTGATTGGCAGGATCCTGGTATCCGCTAACAGGTAC

TGGCCCACAGCCGTAAAGACCTGCGGGGGCGTGAGAGGGGGGAATGGGTGAGGT

CAAGCTGGAGGCTTCTTGGGGTTGGGTGGGCCGCTGAGGGGAGGGGAGGGCGAG

GTGACGCGACACCCGGCCTTTCTGGGAGAGTGGGCCTTGTTGACCTAAGGGGGGC

GAGGGCAGTTGGCACGCGCACGCGCCGACAGAAACTAACAGACATTAACCAACA

GCGATTCCGTCGCGTTTACTTGGGAGGAAGGCGGAAAAGAGGTAGTTTGTGTGGC

TTCTGGAAACCCTAAATTTGGAATCCCAGTATGAGAATGGTGTCCCTTCTTGTGTT

TCAATGGGATTTTTACTTCGCGAGTCTTGTGGGTTTGGTTTTGTTTTCAGTTTGCCT

AACACCGTGCTTAGGTTTGAGGCAGATTGGAGTTCGGTCGGGGGAGTTTGAATAT

CCGGAACAGTTAGTGGGGAAAGCTGTGGACGCTTGGTAAGAGAGCGCTCTGGATT

TTCCGCTGTTGACGTTGAAACCTTGAATGACGAATTTCGTATTAAGTGACTTAGCC

TTGTAAAATTGAGGGGAGGCTTGCGGAATATTAACGTATTTAAGGCATTTTGAAG

GAATAGTTGCTAATTTTGAAGAATATTAGGTGTAAAAGCAAGAAATACAATGATC

CTGAGGTGACACGCTTATGTTTTACTTTTAAACTAGGTCACC (SEQ ID NO: 30) 
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[00465] In some embodiments, the promoter sequence is derived from a promoter selected 

from: minP, NFkB response element, CREB response element, NFAT response element, SRF 

response element 1, SRF response element 2, AP1 response element, TCF-LEF response 

element promoter fusion, Hypoxia responsive element, SMAD binding element, STAT3 

binding site, minCMV, YB_TATA, minTK, inducer molecule responsive promoters, and 

tandem repeats thereof. 

[00466] In some embodiments, the first promoter is a constitutive promoter, an inducible 

promoter, or a synthetic promoter. In some embodiments, the constitutive promoter is 

selected from: CMV, EFS, SFFV, SV40, MND, PGK, UbC, hEF1aV1, hCAGG, hEF1aV2, 

hACTb, heIF4A1, hGAPDH, hGRP78, hGRP94, hHSP70, hKINb, and hUBIb. 

[00467] In some embodiments, the ACP-responsive promoter is a synthetic promoter. In 

some embodiments, the ACP-responsive promoter comprises a minimal promoter. In some 

embodiments, the ACP-binding domain comprises one or more zinc finger binding sites. The 

ACP-binding domain can comprise 1, 2, 3, 4,5 ,6 7, 8, 9, 10, or more zinc finger binding 

sites. In some embodiments, the ACP-binding domain comprises one zinc finger binding site. 

In some embodiments, the ACP-binding domain comprises two zinc finger binding sites. In 

some embodiments, the ACP-binding domain comprises three zinc finger binding sites. In 

some embodiments, the ACP-binding domain comprises four zinc finger binding sites. An 

exemplary ACP-binding domain comprising zinc finger binding sites is shown in the 

sequence 

cgggtttcgtaacaatcgcatgaggattcgcaacgccttcGGCGTAGCCGATGTCGCGctcccgtctcagtaaaggtc

GGCGTAGCCGATGTCGCGcaatcggactgccttcgtacGGCGTAGCCGATGTCGCGcgtatcagtcg

cctcggaacGGCGTAGCCGATGTCGCGcattcgtaagaggctcactctcccttacacggagtggataACTAGTT

CTAGAGGGTATATAATGGGGGCCA (SEQ ID NO: 92). 

[00468] In some embodiments, the ACP-responsive promoter comprises an enhancer that 

promotes transcription when an antigen recognizing receptor engages a cognate antigen, e.g., 

an antigen expressed on a target cell. Enhancers can include, but are not limited to, enhancers 

enriched in the ATAC-seq of activated T cells (Gate et al. Nat Genet. Author manuscript; 

available in PMC 2019 Jan 9; herein incorporated by reference for all purposes) or enhancers 

associated with upregulated genes in single-cell RNA seq data (Xhangolli et al. Genomics 

Proteomics Bioinformatics. 2019 Apr;17(2):129-139. doi: 10.1016/j.gpb.2019.03.002; herein 

incorporated by reference for all purposes). An enhancer can be a synthetic enhancer, such as 

a pair of transcription factors known or suspected to be upregulated in activated T cells or NK 

cells. Synthetic enhancers can include multiple iterations of transcription factor binding sites, 
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such 4 iterations of two distinct transcription factor binding sites in an aaaabbbb or abababab 

organization. Illustrative non-limiting examples of genes from which enhancers can be 

derived include, but are not limited to, ATF2, ATF7, BACH1, BATF, Bcl-6, Blimp-1, BMI1, 

CBFB, CREB1, CREM, CTCF, E2F1, EBF1, EGR1, ETV6, FOS, FOXA1, FOXA2, 

GATA3, HIF1A, IKZF1, IKZF2, IRF4, JUN, JUNB, JUND, Lef1, NFAT, NFIA, NFIB, 

NFKB, NR2F1, Nur77, PU.1, RELA, RUNX3, SCRT1, SCRT2, SP1, STAT4, STAT5A, T-

Bet, Tcf7, ZBED1, ZNF143, or ZNF217. 

[00469] In some embodiments, the ACP-responsive promoter comprises a promoter that 

promotes transcription when a receptor engages a cognate ligand, such as in a activation 

inducible system. In some embodiments, the ACP-responsive promoter comprises a promoter 

that promotes transcription when an antigen recognizing receptor engages a cognate antigen, 

e.g., an antigen expressed on a target cell. For example, when the ACP is an antigen receptor 

(e.g., a CAR), the ACP-responsive promoter can include promoters that are induced by signal 

transduction following antigen receptor binding to a cognate antigen. ACP-responsive 

promoters can include promoters with increased transcriptional activity in activated T cells 

and/or NK cells. ACP-responsive promoters can include promoters derived from genes that 

are upregulated in activated cells, such as T cells and/or NK cells. ACP-responsive promoters 

can include promoters derived from genes that have increased transcription factor binding in 

activated cells, such T cells and/or NK cells. Derived promoters can include the genomic 

region 2kb upstream of the gene. Derived promoters can include the genomic region -100bp 

downstream of the transcription initiation site the gene. Derived promoters can include the 

genomic region 2kb upstream of the gene to -100bp downstream of the transcription initiation 

site the gene. Derived promoters can include the genomic region upstream of the translation 

initiation site the gene. Derived promoters can include the genomic region 2kb upstream to 

the translation initiation site the gene. Derived promoters can include one or more enhancers 

identified in a promoter region. ACP-responsive promoters can include, but are not limited to, 

promoters derived from CCL3, CCL4, or MTA2 genes. ACP-responsive promoters can 

include, but are not limited to, a CCL3 promoter region (e.g., SEQ ID NO: 156), a CCL4 

promoter region (e.g., SEQ ID NO: 157), and/or a MTA2 promoter region (e.g., SEQ ID NO: 

158). ACP-responsive promoters can include enhancers present in a CCL3 promoter region 

(e.g., SEQ ID NO: 156), a CCL4 promoter region (e.g., SEQ ID NO: 157), and/or a MTA2 

promoter region (e.g., SEQ ID NO: 158). ACP-responsive promoters can include synthetic 

promoters. For example, ACP-responsive promoters can include antigen induced enhancers 

or promoter sequences combined with other promoters, such as minimal promoters (e.g., min 
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AdeP or YB-TATA). ACP-responsive promoters can include synthetic enhancers, such as 

promoters including multiple iterations of transcription factor binding sites. In an illustrative 

non-limiting example, ACP-responsive promoter including a synthetic promoter can include 

5 iterations of NFAT transcription factor binding sites in combination with a minimal Ade 

promoter (5x NFAT_minAdeP). 

Multicistronic and Multiple Promoter Systems 

[00470] In some embodiments, engineered nucleic acids are configured to produce 

multiple effector molecules. For example, nucleic acids may be configured to produce 2-20 

different effector molecules. In some embodiments, nucleic acids are configured to produce 

2-20, 2-19, 2-18, 2-17, 2-16, 2-15, 2-14, 2-13, 2-12, 2-11, 2-10, 2-9, 2-8, 2-7, 2-6, 2-5, 2-4, 2-

3, 3-20, 3-19, 3-18, 3-17, 3-16, 3-15, 3-14, 3-13, 3-12, 3-11, 3-10, 3-9, 3-8, 3-7, 3-6, 3-5, 3-4, 

4-20, 4-19, 4-18, 4-17, 4-16, 4-15, 4-14, 4-13, 4-12, 4-11, 4-10, 4-9, 4-8, 4-7, 4-6, 4-5, 5-20, 

5-19, 5-18, 5-17, 5-16, 5-15, 5-14, 5-13, 5-12, 5-11, 5-10, 5-9, 5-8, 5-7, 5-6, 6-20, 6-19, 6-18, 

6-17, 6-16, 6-15, 6-14, 6-13, 6-12, 6-11, 6-10, 6-9, 6-8, 6-7, 7-20, 7-19, 7-18, 7-17, 7-16, 7-

15, 7-14, 7-13, 7-12, 7-11, 7-10, 7-9, 7-8, 8-20, 8-19, 8-18, 8-17, 8-16, 8-15, 8-14, 8-13, 8-12, 

8-11, 8-10, 8-9, 9-20, 9-19, 9-18, 9-17, 9-16, 9-15, 9-14, 9-13, 9-12, 9-11, 9-10, 10-20, 10-19, 

10-18, 10-17, 10-16, 10-15, 10-14, 10-13, 10-12, 10-11, 11-20, 11-19, 11-18, 11-17, 11-16, 

11-15, 11-14, 11-13, 11-12, 12-20, 12-19, 12-18, 12-17, 12-16, 12-15, 12-14, 12-13, 13-20, 

13-19, 13-18, 13-17, 13-16, 13-15, 13-14, 14-20, 14-19, 14-18, 14-17, 14-16, 14-15, 15-20, 

15-19, 15-18, 15-17, 15-16, 16-20, 16-19, 16-18, 16-17, 17-20, 17-19, 17-18, 18-20, 18-19, 

or 19-20 effector molecules. In some embodiments, nucleic acids are configured to produce 

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 effector molecules. 

[00471] In some embodiments, engineered nucleic acids can be multicistronic, i.e., more 

than one separate polypeptide (e.g., multiple exogenous polynucleotides or effector 

molecules) can be produced from a single mRNA transcript. Engineered nucleic acids can be 

multicistronic through the use of various linkers, e.g., a polynucleotide sequence encoding a 

first exogenous polynucleotide or effector molecule can be linked to a nucleotide sequence 

encoding a second exogenous polynucleotide or effector molecule, such as in a first 

gene:linker:second gene 5’ to 3’ orientation. A linker polynucleotide sequence can encode a 

2A ribosome skipping element, such as T2A. Other 2A ribosome skipping elements include, 

but are not limited to, E2A, P2A, and F2A. 2A ribosome skipping elements allow production 

of separate polypeptides encoded by the first and second genes are produced during 

translation. A linker can encode a cleavable linker polypeptide sequence, such as a Furin 
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cleavage site or a TEV cleavage site, wherein following expression the cleavable linker 

polypeptide is cleaved such that separate polypeptides encoded by the first and second genes 

are produced. A cleavable linker can include a polypeptide sequence, such as such a flexible 

linker (e.g., a Gly-Ser-Gly sequence), that further promotes cleavage.  

[00472] In some embodiments, when the second expression cassette comprises two or 

more units of (L1 – E)X, each L1 linker polynucleotide sequence is operably associated with 

the translation of each effector molecule as a separate polypeptide.  

[00473] A linker can encode an Internal Ribosome Entry Site (IRES), such that separate 

polypeptides encoded by the first and second genes are produced during translation. A linker 

can encode a splice acceptor, such as a viral splice acceptor.  

[00474] A linker can be a combination of linkers, such as a Furin-2A linker that can 

produce separate polypeptides through 2A ribosome skipping followed by further cleavage of 

the Furin site to allow for complete removal of 2A residues. In some embodiments, a 

combination of linkers can include a Furin sequence, a flexible linker, and 2A linker. 

Accordingly, in some embodiments, the linker is a Furin-Gly-Ser-Gly-2A fusion polypeptide. 

In some embodiments, a linker is a Furin-Gly-Ser-Gly-T2A fusion polypeptide. 

[00475] In general, a multicistronic system can use any number or combination of linkers, 

to express any number of genes or portions thereof (e.g., an engineered nucleic acid can 

encode a first, a second, and a third effector molecule, each separated by linkers such that 

separate polypeptides encoded by the first, second, and third effector molecules are 

produced). 

[00476] “Linkers,” as used herein can refer to polypeptides that link a first polypeptide 

sequence and a second polypeptide sequence or the multicistronic linkers described above. 

Effector molecules 

[00477] Any suitable effector molecule known in the art can be encoded by the engineered 

nucleic acid or expressed by the engineered cell. Suitable effector molecules can be grouped 

into therapeutic classes based on structure similarity, sequence similarity, or function. 

Effector molecule therapeutic classes include, but are not limited to, cytokines, chemokines, 

homing molecules, growth factors, co-activation molecules, tumor microenvironment 

modifiers, receptors, ligands, antibodies, polynucleotides, peptides, and enzymes. 

[00478] In some embodiments, each effector molecule is independently selected from a 

therapeutic class, wherein the therapeutic class is selected from: a cytokine, a chemokine, a 
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homing molecule, a growth factor, a co-activation molecule, a tumor microenvironment 

modifier a, a receptor, a ligand, an antibody, a polynucleotide, a peptide, and an enzyme. 

[00479] In some embodiments, a effector molecule is a chemokine. Chemokines are small 

cytokines or signaling proteins secreted by cells that can induce directed chemotaxis in cells. 

Chemokines can be classified into four main subfamilies: CXC, CC, CX3C and XC, all of 

which exert biological effects by binding selectively to chemokine receptors located on the 

surface of target cells. Non-limiting examples of chemokines that may be encoded by the 

engineered nucleic acids of the present disclosure include: CCL21a, CXCL10, CXCL11, 

CXCL13, a CXCL10-CXCL11 fusion protein, CCL19, CXCL9, and XCL1, or any 

combination thereof. In some embodiments, the chemokine is selected from: CCL21a, 

CXCL10, CXCL11, CXCL13, a CXCL10-CXCL11 fusion protein, CCL19, CXCL9, and 

XCL1. 

[00480] In some embodiments, a effector molecule is a cytokine. Non-limiting examples 

of cytokines that may be encoded by the engineered nucleic acids of the present disclosure 

include: IL1-beta, IL2, IL4, IL6, IL7, IL10, IL12, an IL12p70 fusion protein, IL15, IL17A, 

IL18, IL21, IL22, Type I interferons, Interferon-gamma, and TNF-alpha, or any combination 

thereof. In some embodiments, the cytokine is selected from: IL1-beta, IL2, IL4, IL6, IL7, 

IL10, IL12, an IL12p70 fusion protein, IL15, IL17A, IL18, IL21, IL22, Type I interferons, 

Interferon-gamma, and TNF-alpha. 

[00481] In some embodiments, engineered nucleic acids are configured to produce at least 

one homing molecule. “Homing,” refers to active navigation (migration) of a cell to a target 

site (e.g., a cell, tissue (e.g., tumor), or organ). A “homing molecule” refers to a molecule that 

directs cells to a target site. In some embodiments, a homing molecule functions to recognize 

and/or initiate interaction of an engineered cell to a target site. Non-limiting examples of 

homing molecules include CXCR1, CCR9, CXCR2, CXCR3, CXCR4, CCR2, CCR4, FPR2, 

VEGFR, IL6R, CXCR1, CSCR7, PDGFR, anti-integrin alpha4,beta7; anti-MAdCAM; 

CCR9; CXCR4; SDFl; MMP-2; CXCR1; CXCR7; CCR2; CCR4; and GPR15, or any 

combination thereof. In some embodiments, the homing molecule is selected from: anti-

integrin alpha4,beta7; anti-MAdCAM; CCR9; CXCR4; SDFl; MMP-2; CXCR1; CXCR7; 

CCR2; CCR4; and GPR15. 

[00482] In some embodiments, engineered nucleic acids are configured to produce at least 

one growth factor. Suitable growth factors for use as an effector molecule include, but are not 

limited to, FLT3L and GM-CSF, or any combination thereof. In some embodiments, the 

growth factor is selected from: FLT3L and GM-CSF. 
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[00483] In some embodiments, engineered nucleic acids are configured to produce at least 

one co-activation molecule. Suitable co-activation molecules for use as an effector molecule 

include, but are not limited to, c-Jun, 4-1BBL and CD40L, or any combination thereof. In 

some embodiments, the co-activation molecule is selected from: c-Jun, 4-1BBL and CD40L. 

[00484] A “tumor microenvironment” is the cellular environment in which a tumor exists, 

including surrounding blood vessels, immune cells, fibroblasts, bone marrow-derived 

inflammatory cells, lymphocytes, signaling molecules and the extracellular matrix (ECM) 

(see, e.g., Pattabiraman, D.R. & Weinberg, R.A. Nature Reviews Drug Discovery 13, 497–

512 (2014); Balkwill, F.R. et al. J Cell Sci 125, 5591-5596, 2012; and Li, H. et al. J Cell 

Biochem 101(4), 805-15, 2007). Suitable tumor microenvironment modifiers for use as an 

effector molecule include, but are not limited to, adenosine deaminase, TGFbeta inhibitors, 

immune checkpoint inhibitors, VEGF inhibitors, and HPGE2, or any combination thereof. In 

some embodiments, the tumor microenvironment modifier is selected from: adenosine 

deaminase, TGFbeta inhibitors, immune checkpoint inhibitors, VEGF inhibitors, and HPGE2. 

[00485] In some embodiments, engineered nucleic acids are configured to produce at least 

one TGFbeta inhibitor. Suitable TGFbeta inhibitors for use as an effector molecule include, 

but are not limited to, an anti-TGFbeta peptide, an anti-TGFbeta antibody, a TGFb-TRAP, or 

combinations thereof. In some embodiments, the TGFbeta inhibitors are selected from: an 

anti-TGFbeta peptide, an anti-TGFbeta antibody, a TGFb-TRAP, and combinations thereof. 

[00486] In some embodiments, engineered nucleic acids are configured to produce at least 

one immune checkpoint inhibitor. Suitable immune checkpoint inhibitors for use as an 

effector molecule include, but are not limited to, anti-PD-1 antibodies, anti-PD-L1 antibodies, 

anti-PD-L2 antibodies, anti-CTLA-4 antibodies, anti-LAG-3 antibodies, anti-TIM-3 

antibodies, anti-TIGIT antibodies, anti-VISTA antibodies, anti-KIR antibodies, anti-B7-H3 

antibodies, anti-B7-H4 antibodies, anti-HVEM antibodies, anti-BTLA antibodies, anti-GAL9 

antibodies, anti-A2AR antibodies, anti-phosphatidylserine antibodies, anti-CD27 antibodies, 

anti-TNFa antibodies, anti-TREMl antibodies, and anti-TREM2 antibodies, or any 

combination thereof. In some embodiments, the immune checkpoint inhibitors are selected 

from: anti-PD-1 antibodies, anti-PD-L1 antibodies, anti-PD-L2 antibodies, anti-CTLA-4 

antibodies, anti-LAG-3 antibodies, anti-TIM-3 antibodies, anti-TIGIT antibodies, anti-

VISTA antibodies, anti-KIR antibodies, anti-B7-H3 antibodies, anti-B7-H4 antibodies, anti-

HVEM antibodies, anti-BTLA antibodies, anti-GAL9 antibodies, anti-A2AR antibodies, anti-

phosphatidylserine antibodies, anti-CD27 antibodies, anti-TNFa antibodies, anti-TREMl 

antibodies, and anti-TREM2 antibodies. 
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[00487] Illustrative immune checkpoint inhibitors include pembrolizumab (anti-PD-1; 

MK-3475/Keytruda® - Merck), nivolumamb (anti-PD-1; Opdivo® - BMS), pidilizumab 

(anti-PD-1 antibody; CT-011 – Teva/CureTech), AMP224 (anti-PD-1; NCI), avelumab (anti-

PD-L1; Bavencio® - Pfizer), durvalumab (anti-PD-L1; MEDI4736/Imfinzi® - 

Medimmune/AstraZeneca), atezolizumab (anti-PD-L1; Tecentriq® - Roche/Genentech), 

BMS-936559 (anti-PD-L1 - BMS), tremelimumab (anti-CTLA-4; Medimmune/AstraZeneca), 

ipilimumab (anti-CTLA-4; Yervoy ® - BMS), lirilumab (anti-KIR; BMS), monalizumab 

(anti-NKG2A; Innate Pharma/AstraZeneca). 

[00488] In some embodiments, engineered nucleic acids are configured to produce at least 

one VEGF inhibitor. Suitable VEGF inhibitors for use as an effector molecule include, but 

are not limited to, anti-VEGF antibodies, anti-VEGF peptides, or combinations thereof. In 

some embodiments, the VEGF inhibitors comprise anti-VEGF antibodies, anti-VEGF 

peptides, or combinations thereof. 

[00489] In some embodiments, each effector molecule is a human-derived effector 

molecule. 

Secrection Signals 

[00490] In general, the one or more effector molecules comprise a secretion signal peptide 

(also referred to as a signal peptide or signal sequence) at the effector molecule’s N-terminus 

that direct newly synthesized proteins destined for secretion or membrane insertion to the 

proper protein processing pathways. In embodiments with two or more effector molecules, 

each effector molecule can comprise a secretion signal (S). In embodiments with two or more 

effector molecules, each effector molecule can comprise a secretion signal such that each 

effector molecule is secreted from an engineered cell. In embodiments, the second expression 

cassette comprising one or more units of (L – E)X further comprises a polynucleotide 

sequence encoding a secretion signal peptide (S). In embodiments, for each X the 

corresponding secretion signal peptide is operably associated with the effector molecule. In 

embodiments, the second expression cassette comprising an ACP-responsive promoter and a 

second exogenous polynucleotide sequence having the formula: (L -S- E)X. 

[00491] The secretion signal peptide operably associated with a effector molecule can be a 

native secretion signal peptide native secretion signal peptide (e.g., the secretion signal 

peptide generally endogenously associated with the given effector molecule). The secretion 

signal peptide operably associated with a effector molecule can be a non-native secretion 

signal peptide native secretion signal peptide. Non-native secretion signal peptides can 
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promote improved expression and function, such as maintained secretion, in particular 

environments, such as tumor microenvironments. Non-limiting examples of non-native 

secretion signal peptide are shown in Table 5. 

 

Table 5. Exemplary Signal Secretion Peptides 

Name Protein SEQUENCE Source (Uniprot) DNA SEQUENCE 

IL-12 MCHQQLVISWFSL

VFLASPLVA (SEQ 

ID NO: 56) 

P29460 ATGTGTCACCAGCAGCTCGTTAT

ATCCTGGTTTAGTTTGGTGTTTCT

CGCTTCACCCCTGGTGGCA (SEQ 

ID NO: 31) 

IL-12 (Codon 

Optimized) 

MCHQQLVISWFSL

VFLASPLVA (SEQ 

ID NO: 57) 

- ATGTGCCATCAGCAACTCGTCAT

CTCCTGGTTCTCCCTTGTGTTCCT

CGCTTCCCCTCTGGTCGCC (SEQ 

ID NO: 32) 

IL-2 (Optimized) MQLLSCIALILALV 

(SEQ ID NO: 58) 

- ATGCAACTGCTGTCATGTATCGC

ACTCATCCTGGCGCTGGTA (SEQ 

ID NO: 33) 

IL-2 (Native) MYRMQLLSCIALSL

ALVTNS (SEQ ID 

NO: 59) 

P60568 ATGTATCGGATGCAACTTTTGAG

CTGCATCGCATTGTCTCTGGCGCT

GGTGACAAATTCC (SEQ ID NO: 

34) 

Trypsinogen-2 MNLLLILTFVAAAV

A (SEQ ID NO: 60) 

P07478 ATGAATCTCTTGCTCATACTTACG

TTTGTCGCTGCTGCCGTTGCG 

(SEQ ID NO: 35) 

Gaussia 

Luciferase 

MGVKVLFALICIAV

AEA (SEQ ID NO: 

61) 

- ATGGGCGTGAAGGTCTTGTTTGC

CCTTATCTGCATAGCTGTTGCGG

AGGCG (SEQ ID NO: 36) 

CD5 MPMGSLQPLATLY

LLGMLVASCLG 

(SEQ ID NO: 62) 

P06127 ATGCCGATGGGGAGCCTTCAACC

TTTGGCAACGCTTTATCTTCTGGG

GATGTTGGTTGCTAGTTGCCTTGG

G (SEQ ID NO: 37) 

IgKVII (mouse) METDTLLLWVLLL

WVPGSTGD (SEQ 

ID NO: 63) 

 
ATGGAAACTGACACGTTGTTGCT

GTGGGTATTGCTCTTGTGGGTCCC

AGGATCTACGGGCGAC (SEQ ID 

NO: 38) 

IgKVII (human) MDMRVPAQLLGLL

LLWLRGARC (SEQ 

ID NO: 64) 

P01597 ATGGATATGAGGGTTCCCGCCCA

GCTTTTGGGGCTGCTTTTGTTGTG

GCTTCGAGGGGCTCGGTGT (SEQ 

ID NO: 39) 

VSV-G MKCLLYLAFLFIGV

NC (SEQ ID NO: 65) 

- ATGAAGTGTCTGTTGTACCTGGC

GTTTCTGTTCATTGGTGTAAACTG

T (SEQ ID NO: 40) 

Prolactin MNIKGSPWKGSLL

LLLVSNLLLCQSVA

P (SEQ ID NO: 66) 

P01236 ATGAATATCAAAGGAAGTCCGTG

GAAGGGTAGTCTCCTGCTGCTCC

TCGTATCTAACCTTCTCCTTTGTC

AATCCGTGGCACCC (SEQ ID NO: 

41) 

Serum albumin 

preproprotein 

MKWVTFISLLFLFS

SAYS (SEQ ID NO: 

67) 

P02768 ATGAAATGGGTAACATTCATATC

ACTTCTCTTTCTGTTCAGCTCTGC

GTATTCT (SEQ ID NO: 42) 

Azurocidin 

preproprotein 

MTRLTVLALLAGL

LASSRA (SEQ ID 

NO: 68) 

20160 ATGACAAGGCTTACTGTTTTGGC

TCTCCTCGCTGGACTCTTGGCTTC

CTCCCGAGCA (SEQ ID NO: 43) 
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Name Protein SEQUENCE Source (Uniprot) DNA SEQUENCE 

Osteonectin 

(BM40) 

MRAWIFFLLCLAG

RALA (SEQ ID NO: 

69) 

P09486 ATGAGGGCTTGGATTTTTTTTCTG

CTCTGCCTTGCCGGTCGAGCCCT

GGCG (SEQ ID NO: 44) 

CD33 MPLLLLLPLLWAG

ALA (SEQ ID NO: 

70) 

P20138 ATGCCTCTTCTGCTTTTGCTTCCT

CTTTTGTGGGCAGGTGCCCTCGC

A (SEQ ID NO: 45) 

IL-6 MNSFSTSAFGPVAF

SLGLLLVLPAAFPA

P (SEQ ID NO: 71) 

P05231 ATGAACTCTTTCTCAACCTCTGCG

TTTGGTCCGGTCGCTTTCTCCCTT

GGGCTCCTGCTTGTCTTGCCAGC

AGCGTTTCCTGCGCCA (SEQ ID 

NO: 46) 

IL-8 MTSKLAVALLAAF

LISAALC (SEQ ID 

NO: 72) 

P10145 ATGACAAGTAAACTGGCGGTAGC

CTTGCTCGCGGCCTTTTTGATTTC

CGCAGCCCTTTGT (SEQ ID NO: 47) 

CCL2 MKVSAALLCLLLIA

ATFIPQGLA (SEQ 

ID NO: 73) 

P13500 ATGAAGGTAAGTGCAGCGTTGCT

TTGCCTTCTCCTCATTGCAGCGAC

CTTTATTCCTCAAGGGCTGGCC 

(SEQ ID NO: 48) 

TIMP2 MGAAARTLRLALG

LLLLATLLRPADA 

(SEQ ID NO: 74) 

P16035 ATGGGAGCGGCAGCTAGAACACT

TCGACTTGCCCTTGGGCTCTTGCT

CCTTGCAACCCTCCTTAGACCTGC

CGACGCA (SEQ ID NO: 49) 

VEGFB MSPLLRRLLLAALL

QLAPAQA (SEQ ID 

NO: 75) 

P49765 ATGTCACCGTTGTTGCGGAGATT

GCTGTTGGCCGCACTTTTGCAACT

GGCTCCTGCTCAAGCC (SEQ ID 

NO: 50) 

Osteoprotegerin MNNLLCCALVFLDI

SIKWTTQ (SEQ ID 

NO: 76) 

O00300 ATGAATAACCTGCTCTGTTGTGC

GCTCGTGTTCCTGGACATTTCTAT

AAAATGGACAACGCAA (SEQ ID 

NO: 51) 

Serpin E1 MQMSPALTCLVLG

LALVFGEGSA (SEQ 

ID NO: 77) 

P05121 ATGCAAATGTCTCCTGCCCTTACC

TGTCTCGTACTTGGTCTTGCGCTC

GTATTTGGAGAGGGATCAGCC 

(SEQ ID NO: 52) 

GROalpha MARAALSAAPSNP

RLLRVALLLLLLVA

AGRRAAG (SEQ ID 

NO: 78) 

P09341 ATGGCAAGGGCTGCACTCAGTGC

TGCCCCGTCTAATCCCAGATTGCT

TCGAGTTGCATTGCTTCTTCTGTT

GCTGGTTGCAGCTGGTAGGAGAG

CAGCGGGT (SEQ ID NO: 53) 

CXCL12 MNAKVVVVLVLV

LTALCLSDG (SEQ 

ID NO: 79) 

P48061 ATGAATGCAAAAGTCGTGGTCGT

GCTGGTTTTGGTTCTGACGGCGTT

GTGTCTTAGTGATGGG (SEQ ID 

NO: 54) 

IL-21 (Codon 

Optimized) 

MERIVICLMVIFLG

TLVHKSSS (SEQ ID 

NO: 80) 

Q9HBE4 ATGGAACGCATTGTGATCTGCCT

GATGGTCATCTTCCTGGGCACCTT

AGTGCACAAGTCGAGCAGC (SEQ 

ID NO: 55) 

CD8a MALPVTALLLPLAL

LLHAARP  

(SEQ ID NO: 83) 

P01732 ATGGCTCTCCCTGTAACTGCCCTG

CTTCTTCCCCTTGCCTTGCTTCTC

CATGCCGCTAGACCC (SEQ ID NO: 

84) 
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Name Protein SEQUENCE Source (Uniprot) DNA SEQUENCE 

GMCSFR MLLLVTSLLLCELP

HPAFLLIP 

(SEQ ID NO: 85) 

P15509 ATGCTGCTGCTGGTCACATCTCTG

CTGCTGTGCGAGCTGCCCCATCC

TGCCTTTCTGCTGATCCCT (SEQ 

ID NO: 86) 

 

ATGCTGCTGCTGGTTACATCTCTG

CTGCTGTGCGAGCTGCCCCATCC

TGCCTTTCTGCTGATCCCT (SEQ 

ID NO: 87) 

 

Antigen recognizing receptors 

[00492] Certain aspects of the present disclosure relate to an engineered nucleic 

comprising an antigen recognizing receptor. In some embodiments, an engineered nucleic 

acid of the present disclosure comprises a first expression cassette that further comprises an 

antigen recognizing receptor. In some embodiments, the first expression cassette comprises a 

polynucleotide sequence encoding the antigen recognizing receptor that is operably linked to 

the first exogenous polynucleotide sequence encoding the ACP and to the first promoter. 

Suitable antigen recognizing receptors for use as an effector molecule recognize antigens that 

include, but are not limited to, 5T4, ADAM9, AFP, AXL, B7-H3, B7-H4, B7-H6, C4.4, 

CA6, Cadherin 3, Cadherin 6, CCR4, CD123, CD133, CD138, CD142, CD166, CD25, 

CD30, CD352, CD37, CD38, CD44, CD56, CD66e, CD70, CD71, CD74, CD79b, CD80, 

CEA, CEACAM5, Claudin18.2, cMet, CSPG4, CTLA, DLK1, DLL3, DR5, EGFR, ENPP3, 

EpCAM, EphA2, Ephrin A4, ETBR, FGFR2, FGFR3, FRalpha, FRb, GCC, GD2, GFRa4, 

gpA33, GPC3, gpNBM, GPRC5, HER2, IL-13R, IL-13Ra, IL-13Ra2, IL-8, IL-15, IL1RAP, 

Integrin aV, KIT, L1CAM, LAMP1, Lewis Y, LeY, LIV-1, LRRC, LY6E, MCSP, 

Mesothelin (MSLN), MUC1, MUC16, MUC1C, NaPi2B, Nectin 4, NKG2D, NOTCH3, NY 

ESO 1, Ovarin, P-cadherin, pan-Erb2, PSCA, PSMA, PTK7, ROR1, S Aures, SCT, 

SLAMF7, SLITRK6, SSTR2, STEAP1, Survivin, TDGF1, TIM1, TROP2, and WT1, or any 

combination thereof.  

[00493] In some embodiments, the antigen recognizing receptor recognizes an antigen 

selected from: 5T4, ADAM9, AFP, AXL, B7-H3, B7-H4, B7-H6, C4.4, CA6, Cadherin 3, 

Cadherin 6, CCR4, CD123, CD133, CD138, CD142, CD166, CD25, CD30, CD352, CD37, 

CD38, CD44, CD56, CD66e, CD70, CD71, CD74, CD79b, CD80, CEA, CEACAM5, 

Claudin18.2, cMet, CSPG4, CTLA, DLK1, DLL3, DR5, EGFR, ENPP3, EpCAM, EphA2, 

Ephrin A4, ETBR, FGFR2, FGFR3, FRalpha, FRb, GCC, GD2, GFRa4, gpA33, GPC3, 

gpNBM, GPRC5, HER2, IL-13R, IL-13Ra, IL-13Ra2, IL-8, IL-15, IL1RAP, Integrin aV, 
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KIT, L1CAM, LAMP1, Lewis Y, LeY, LIV-1, LRRC, LY6E, MCSP, Mesothelin, MUC1, 

MUC16, MUC1C, NaPi2B, Nectin 4, NKG2D, NOTCH3, NY ESO 1, Ovarin, P-cadherin, 

pan-Erb2, PSCA, PSMA, PTK7, ROR1, S Aures, SCT, SLAMF7, SLITRK6, SSTR2, 

STEAP1, Survivin, TDGF1, TIM1, TROP2, and WT1. 

[00494] In some embodiments, the antigen recognizing receptor recognizes GPC3. An 

antigen recognizing receptor that recognizes GPC3 can include an anti-binding domain that 

binds to GPC3. In some embodiments, the antigen-binding domain that binds to GPC3 

includes a heavy chain variable (VH) region and a light chain variable (VL) region, wherein 

the VH includes: a heavy chain complementarity determining region 1 (CDR-H1) having the 

amino acid sequence of KNAMN (SEQ ID NO: 119), a heavy chain complementarity 

determining region 2 (CDR-H2) having the amino acid sequence of 

RIRNKTNNYATYYADSVKA (SEQ ID NO: 120), and a heavy chain complementarity 

determining region 3 (CDR-H3) having the amino acid sequence of GNSFAY (SEQ ID NO: 

121), and wherein the VL includes: a light chain complementarity determining region 1 

(CDR-L1) having the amino acid sequence of KSSQSLLYSSNQKNYLA (SEQ ID NO: 

122), a light chain complementarity determining region 2 (CDR-L2) having the amino acid 

sequence of WASSRES (SEQ ID NO: 123), and a light chain complementarity determining 

region 3 (CDR-L3) having the amino acid sequence of QQYYNYPLT (SEQ ID NO: 124). 

In some embodiments, the antigen-binding domain that binds to GPC3 includes a heavy chain 

complementarity determining region 1 (CDR-H1) having the amino acid sequence of 

KNAMN (SEQ ID NO: 119). In some embodiments, the antigen-binding domain that binds 

to GPC3 includes a heavy chain complementarity determining region 2 (CDR-H2) having the 

amino acid sequence of RIRNKTNNYATYYADSVKA (SEQ ID NO: 120). In some 

embodiments, the antigen-binding domain that binds to GPC3 includes a heavy chain 

complementarity determining region 3 (CDR-H3) having the amino acid sequence of 

GNSFAY (SEQ ID NO: 121). In some embodiments, the antigen-binding domain that binds 

to GPC3 includes a light chain complementarity determining region 1 (CDR-L1) having the 

amino acid sequence of KSSQSLLYSSNQKNYLA (SEQ ID NO: 122). In some 

embodiments, the antigen-binding domain that binds to GPC3 includes a light chain 

complementarity determining region 2 (CDR-L2) having the amino acid sequence of 

WASSRES (SEQ ID NO: 123). In some embodiments, the antigen-binding domain that 

binds to GPC3 includes a light chain complementarity determining region 3 (CDR-L3) 

having the amino acid sequence of QQYYNYPLT (SEQ ID NO: 124). 
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[00495] In some embodiments, the antigen-binding domain that binds to GPC3 includes a 

VH region having an amino acid sequence with at least 90%, at least 91%, at least 92%, at 

least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 

100% identity to the amino acid sequence of  

EVQLVETGGGMVQPEGSLKLSCAASGFTFNKNAMNWVRQAPGKGLEWVARIRNKT

NNYATYYADSVKARFTISRDDSQSMLYLQMNNLKIEDTAMYYCVAGNSFA 

YWGQGTLVTVSA (SEQ ID NO: 125) or 

EVQLVESGGGLVQPGGSLRLSCAASGFTFNKNAMNWVRQAPGKGLEWVGRIRNKT

NNYATYYADSVKARFTISRDDSKNSLYLQMNSLKTEDTAVYYCVAGNSFAYWGQG

TLVTVSA (SEQ ID NO: 126). 

[00496] In some embodiments, the antigen-binding domain that binds to GPC3 includes a 

VL region having an amino acid sequence with at least 90%, at least 91%, at least 92%, at 

least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 

100% identity to the amino acid sequence of 

DIVMSQSPSSLVVSIGEKVTMTCKSSQSLLYSSNQKNYLAWYQQKPGQSPKLLIYWA

SSRESGVPDRFTGSGSGTDFTLTISSVKAEDLAVYYCQQYYNYPLTFGAGTKLELK 

(SEQ ID NO: 127), or 

DIVMTQSPDSLAVSLGERATINCKSSQSLLYSSNQKNYLAWYQQKPGQPPKLLIYWA

SSRESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQYYNYPLTFGQGTKLEIK 

(SEQ ID NO: 128). 

[00497] In some embodiments, the antigen recognizing receptor recognizes MSLN. An 

antigen recognizing receptor that recognizes MSLN can include an anti-binding domain that 

binds to MSLN. In some embodiments, the antigen-binding domain that binds to MSLN 

includes a single-domain binding domain having an amino acid sequence with at least 90%, 

at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, 

at least 98%, at least 99%, or 100% identity to the amino acid sequence of 

QVQLVESGGGTVQAGGSLKLACAASGLPRTYNVMGWFRQAPGKEREGVAIIYTTTG

ATYYRDSVKGRATISQDNAKKSVSLQMNSLRPEDTAIYYCVARQPNSGPWEYWGQ

GTQVTVSS (SEQ ID NO: 129), or  

QVKLEESGGGSVQAGGSLRLSCTTSGYTNSYKWMGWFRQAPGQEREGVAVIYTGN

DRTYYSDSVKGRFTISRDNAKNMIYLDMTRLRPEDSAVYECAIGHDGAWRYWGQG

TQVTVSS (SEQ ID NO: 130). In some embodiments, the antigen-binding domain that 

binds to MSLN includes each of the CDR sequences from a single-domain binding domain 

having an amino acid sequence 
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QVQLVESGGGTVQAGGSLKLACAASGLPRTYNVMGWFRQAPGKEREGVAIIYTTTG

ATYYRDSVKGRATISQDNAKKSVSLQMNSLRPEDTAIYYCVARQPNSGPWEYWGQ

GTQVTVSS (SEQ ID NO: 129), or  

QVKLEESGGGSVQAGGSLRLSCTTSGYTNSYKWMGWFRQAPGQEREGVAVIYTGN

DRTYYSDSVKGRFTISRDNAKNMIYLDMTRLRPEDSAVYECAIGHDGAWRYWGQG

TQVTVSS (SEQ ID NO: 130). In some embodiments, the antigen-binding domain that 

binds to MSLN includes one or more CDR sequences from a single-domain binding domain 

having an amino acid sequence 

QVQLVESGGGTVQAGGSLKLACAASGLPRTYNVMGWFRQAPGKEREGVAIIYTTTG

ATYYRDSVKGRATISQDNAKKSVSLQMNSLRPEDTAIYYCVARQPNSGPWEYWGQ

GTQVTVSS (SEQ ID NO: 129), or  

QVKLEESGGGSVQAGGSLRLSCTTSGYTNSYKWMGWFRQAPGQEREGVAVIYTGN

DRTYYSDSVKGRFTISRDNAKNMIYLDMTRLRPEDSAVYECAIGHDGAWRYWGQG

TQVTVSS (SEQ ID NO: 130). 

[00498] In some embodiments, the first expression cassette further comprises a linker 

polynucleotide sequence localized between the ACP and the antigen recognizing receptor. 

[00499] In some embodiments, the antigen recognizing receptor comprises an antigen-

binding domain. In some embodiments, the antigen-binding domain comprises an antibody, 

an antigen-binding fragment of an antibody, a F(ab) fragment, a F(ab') fragment, a single 

chain variable fragment (scFv), or a single-domain antibody (sdAb). In some embodiments, 

the antigen-binding domain comprises a single chain variable fragment (scFv). In some 

embodiments, the scFv comprises a heavy chain variable domain (VH) and a light chain 

variable domain (VL). In some embodiments, the VH and VL are separated by a peptide 

linker.  

[00500] 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. In some embodiments, the 

scFv comprises the structure VH-L-VL or VL-L-VH, wherein VH is the heavy chain variable 

domain, L is the peptide linker, and VL is the light chain variable domain. 

[00501] An sdAb is a molecule in which one variable domain of an antibody specifically 

binds to an antigen without the presence of the other variable domain. 

[00502] A F(ab) fragment contains the constant domain (CL) of the light chain and the 

first constant domain (CH1) of the heavy chain along with the variable domains VL and VH 
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on the light and heavy chains respectively. F(ab′) fragments differ from Fab fragments by the 

addition of a few residues at the carboxy terminus of the heavy chain CH1 domain including 

one or more cysteines from the antibody hinge region. F(ab’)2 fragments contain two Fab’ 

fragments joined, near the hinge region, by disulfide bonds. 

[00503] In some embodiments, the antigen recognizing receptor is a chimeric antigen 

receptor (CAR) or T cell receptor (TCR). In some embodiments, the antigen recognizing 

receptor is a CAR. In some embodiments, the CAR comprises one or more intracellular 

signaling domains, and the one or more intracellular signaling domains are selected from: a 

CD3zeta-chain intracellular signaling domain, a CD97 intracellular signaling domain, a 

CD11a-CD18 intracellular signaling domain, a CD2 intracellular signaling domain, an ICOS 

intracellular signaling domain, a CD27 intracellular signaling domain, a CD154 intracellular 

signaling domain, a CD8 intracellular signaling domain, an OX40 intracellular signaling 

domain, a 4-1BB intracellular signaling domain, a CD28 intracellular signaling domain, a 

ZAP40 intracellular signaling domain, a CD30 intracellular signaling domain, a GITR 

intracellular signaling domain, an HVEM intracellular signaling domain, a DAP10 

intracellular signaling domain, a DAP12 intracellular signaling domain, and a MyD88 

intracellular signaling domain. In some embodiments, the CAR comprises a CD3zeta-chain 

intracellular signaling domain and one or more additional intracellular signaling domains 

(e.g., co-stimulatory domains) selected from a CD97 intracellular signaling domain, a 

CD11a-CD18 intracellular signaling domain, a CD2 intracellular signaling domain, an ICOS 

intracellular signaling domain, a CD27 intracellular signaling domain, a CD154 intracellular 

signaling domain, a CD8 intracellular signaling domain, an OX40 intracellular signaling 

domain, a 4-1BB intracellular signaling domain, a CD28 intracellular signaling domain, a 

ZAP40 intracellular signaling domain, a CD30 intracellular signaling domain, a GITR 

intracellular signaling domain, an HVEM intracellular signaling domain, a DAP10 

intracellular signaling domain, a DAP12 intracellular signaling domain, a MyD88 

intracellular signaling domain, a 2B4 intracellular signaling domain, a CD16a intracellular 

signaling domain, a DNAM-1 intracellular signaling domain, a KIR2DS1 intracellular 

signaling domain, a KIR3DS1 intracellular signaling domain, a NKp44 intracellular signaling 

domain, a NKp46 intracellular signaling domain, a FceRlg intracellular signaling domain, a 

NKG2D intracellular signaling domain, and an EAT-2 intracellular signaling domain. 

[00504] In some embodiments, the CAR further comprises a transmembrane domain, and 

the transmembrane domain is selected from: a CD8 transmembrane domain, a CD28 

transmembrane domain a CD3zeta-chain transmembrane domain, a CD4 transmembrane 
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domain, a 4-1BB transmembrane domain, an OX40 transmembrane domain, an ICOS 

transmembrane domain, a CTLA-4 transmembrane domain, a PD-1 transmembrane domain, 

a LAG-3 transmembrane domain, a 2B4 transmembrane domain, a BTLA transmembrane 

domain, an OX40 transmembrane domain, a DAP10 transmembrane domain, a DAP12 

transmembrane domain, a CD16a transmembrane domain, a DNAM-1 transmembrane 

domain, a KIR2DS1 transmembrane domain, a KIR3DS1 transmembrane domain, an NKp44 

transmembrane domain, an NKp46 transmembrane domain, an FceRlg transmembrane 

domain, and an NKG2D transmembrane domain.  

[00505] In some embodiments, the CAR further comprises a spacer region (e.g., hinge 

domain) between the antigen-binding domain and the transmembrane domain. A spacer or 

hinge domain is any oligopeptide or polypeptide that functions to link the transmembrane 

domain to the extracellular domain and/or the intracellular signaling domain in the 

polypeptide chain. Spacer or hinge domains provide flexibility to the inhibitory chimeric 

receptor or tumor-targeting chimeric receptor, or domains thereof, or prevent steric hindrance 

of the inhibitory chimeric receptor or tumor-targeting chimeric receptor, or domains thereof. 

In some embodiments, a spacer domain or hinge domain may comprise up to 300 amino acids 

(e.g., 10 to 100 amino acids, or 5 to 20 amino acids). In some embodiments, one or more 

spacer domain(s) may be included in other regions of an inhibitory chimeric receptor or 

tumor-targeting chimeric receptor. 

[00506] Exemplary spacer or hinge domains may include, without limitation an IgG 

domain (such as an IgG1 hinge, an IgG2 hinge, an IgG3 hinge, or an IgG4 hinge), an IgD 

hinge domain, a CD8α hinge domain, and a CD28 hinge domain. In some embodiments, the 

spacer or hinge domain is an IgG domain, an IgD domain, a CD8α hinge domain, or a CD28 

hinge domain.  

[00507] Exemplary spacer or hinge domain protein sequences are shown in Table 6. 

Exemplary spacer or hinge domain nucleotide sequences are shown in Table 7.  

Table 6 

Amino Acid Sequence SEQ ID NO: Description 

AAAIEVMYPPPYLDNEKSNGTIIHVKGKHLCPS

PLFPGPSKP 

100 CD28 hinge 

ESKYGPPCPSCP 101 IgG4 minimal hinge 

ESKYGPPAPSAP 102 IgG4 minimal hinge, no 

disulfides 

ESKYGPPCPPCP 103 IgG4 S228P minimal hinge, 

enhanced disulfide formation 

EPKSCDKTHTCP 104 IgG1 minimal hinge 

AAAFVPVFLPAKPTTTPAPRPPTPAPTIASQPLS

LRPEACRPAAGGAVHTRGLDFACDIYIWAPLA

GTCGVLLLSLVITLYCNHRN 

105 Extended CD8a hinge 
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Table 6 

Amino Acid Sequence SEQ ID NO: Description 

TTTPAPRPPTPAPTIALQPLSLRPEACRPAAGGA

VHTRGLDFACD 

106 CD8a hinge 

ACPTGLYTHSGECCKACNLGEGVAQPCGANQ

TVCEPCLDSVTFSDVVSATEPCKPCTECVGLQS

MSAPCVEADDAVCRCAYGYYQDETTGRCEAC

RVCEAGSGLVFSCQDKQNTVCEECPDGTYSDE

ADAEC 

107 LNGFR hinge 

ACPTGLYTHSGECCKACNLGEGVAQPCGANQ

TVC 

108 Truncated LNGFR hinge (TNFR-

Cys1) 

AVGQDTQEVIVVPHSLPFKV 109 PDGFR-beta extracellular linker 

 

Table 7 

Nucleic Acid Sequence SEQ ID NO: Description 

GCAGCAGCTATCGAGGTGATGTATCCTCCGC

CCTACCTGGATAATGAAAAGAGTAATGGGA

CTATCATTCATGTAAAAGGGAAGCATCTTTG

TCCTTCTCCCCTTTTCCCCGGTCCGTCTAAAC

CT 

110 CD28 hinge 

GAA AGC AAG TAC GGT CCA CCT TGC CCT 

AGC TGT CCG 

111 IgG4 minimal hinge 

GAA TCC AAG TAC GGC CCC CCA GCG CCT 

AGT GCC CCA 

112 IgG4 minimal hinge, no 

disulfides 

GAA TCT AAA TAT GGC CCG CCA TGC CCG 

CCT TGC CCA 

113 IgG4 S228P minimal hinge, 

enhanced disulfide formation 

GAA CCG AAG TCT TGT GAT AAA ACT CAT 

ACG TGC CCG 

114 IgG1 minimal hinge 

GCT GCT GCT TTC GTA CCC GTG TTC CTC 

CCT GCT AAG CCT ACG ACT ACC CCC GCA 

CCG AGA CCA CCC ACG CCA GCA CCC ACG 

ATTGCT AGC CAG CCC CTT AGT TTG CGA 

CCA GAA GCT TGT CGG CCT GCT GCT GGT 

GGC GCG GTA CAT ACC CGC GGC CTT GAT 

TTT GCTTGC GAT ATA TAT ATC TGG GCG 

CCT CTG GCC GGA ACA TGC GGG GTC CTC 

CTC CTT TCT CTG GTT ATT ACT CTC TAC 

TGT AAT CACAGG AAT 

115 Extended CD8a hinge 

GCC TGC CCG ACC GGG CTC TAC ACT CAT 

AGC GGG GAA TGT TGT AAG GCA TGT AAC 

TTG GGT GAG GGC GTC GCA CAG CCC TGC 

GGAGCT AAC CAA ACA GTG TGC GAA CCC 

TGC CTC GAT AGT GTG ACG TTC TCT GAT 

GTT GTA TCA GCT ACA GAG CCT TGC AAA 

CCA TGTACT GAG TGC GTT GGA CTT CAG 

TCA ATG AGC GCT CCA TGT GTG GAG GCA 

GAT GAT GCG GTC TGT CGA TGT GCT TAC 

GGA TAC TACCAA GAC GAG ACA ACA GGG 

CGG TGC GAG GCC TGT AGA GTT TGT GAG 

GCG GGC TCC GGG CTG GTG TTT TCA TGT 

CAA GAC AAG CAAAAT ACG GTC TGT GAA 

GAG TGC CCT GAT GGC ACC TAC TCA GAC 

GAA GCA GAT GCA GAA TGC 

116 LNGFR hinge 

GCC TGC CCT ACA GGA CTC TAC ACG CAT 

AGC GGT GAG TGT TGT AAA GCA TGC AAC 

CTC GGG GAA GGT GTA GCC CAG CCA TGC 

GGG GCT AAC CAA ACC GTT TGC 

117 Truncated LNGFR hinge (TNFR-

Cys1) 
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GCTGTGGGCCAGGACACGCAGGAGGTCATC

GTGGTGCCACACTCCTTGCCCTTTAAGGTG 

118 PDGFR-beta extracellular linker 

 

[00508] Suitable transmembrane domains, spacer or hinge domains, and intracellular 

domains for use in a CAR are generally described in Stoiber et al, Cells 2019, 8(5), 472; 

Guedan et al, Mol Therapy: Met & Clinic Dev, 2019 12:145-156; and Sadelain et al, Cancer 

Discov; 2013, 3(4); 388–98, each of which are hereby incorporated by reference in their 

entirety.  

[00509] In some embodiments, the CAR further comprises a secretion signal peptide. Any 

suitable secretion signal peptide of the present disclosure may be used. 

Post-Transcriptional Regulatory Elements 

[00510] In some embodiments, an engineered nucleic acid of the present disclosure 

comprises a post-transcriptional regulatory element (PRE). PREs can enhance gene 

expression via enabling tertiary RNA structure stability and 3’ end formation. Non-limiting 

examples of PREs include the Hepatitis B virus PRE (HPRE) and the Woodchuck Hepatitis 

Virus PRE (WPRE). In some embodiments, the post-transcriptional regulatory element is a 

Woodchuck Hepatitis Virus Posttranscriptional Regulatory Element (WPRE). In some 

embodiments, the WPRE comprises the alpha, beta, and gamma components of the WPRE 

element. In some embodiments, the WPRE comprises the alpha component of the WPRE 

element.  

Engineered Cells 

[00511] Also provided herein are cells, and methods of producing cells, that comprise one 

or more engineered nucleic acids of the present disclosure. These cells are referred to herein 

as “engineered cells.” These cells, which typically contain one or more engineered nucleic 

acids, do not occur in nature. In some embodiments, the cells are isolated cells that 

recombinantly express the one or more engineered nucleic acids. In some embodiments, the 

engineered one or more nucleic acids are expressed from one or more vectors or a selected 

locus from the genome of the cell. In some embodiments, the cells are engineered to include a 

first nucleic acid comprising a promoter operable linked to a nucleotide sequence encoding 

an activation-conditional control polypeptide (ACP), such as a transcription factor, and/or 

antigen recognizing receptor. In some embodiments, the transcription factor comprises a 

repressible protease and a cognate cleavage site. In some embodiments, the transcription 

factor comprises a degron. In some embodiments, the ACP is the antigen recognizing 

receptor. 
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[00512] In some embodiments, the engineered cells comprise a first expression cassette 

comprising a first promoter and a first exogenous polynucleotide sequence encoding an 

activation-conditional control polypeptide (ACP) and/or an antigen recognizing receptor, 

wherein the first promoter is operably linked to the first exogenous polynucleotide; and a 

second expression cassette comprising an ACP-responsive promoter and a second exogenous 

polynucleotide sequence having the formula: (L – E)X wherein E comprises a polynucleotide 

sequence encoding an effector molecule, L comprises a linker polynucleotide sequence, X = 

1 to 20, wherein the ACP-responsive promoter is operably linked to the second exogenous 

polynucleotide, wherein for the first iteration of the (L – E) unit, L is absent, and wherein the 

ACP is capable of inducing expression of the second expression cassette by binding to the 

ACP-responsive promoter. ACP is the antigen recognizing receptor and the receptor is 

capable of inducing expression of the second expression cassette by binding to its cognate 

antigen.  

[00513] In some embodiments, X can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 

17, 18, 19, 20, or more.  

[00514] In some embodiments, the first expression cassette and the second expression 

cassette are encoded by separate polynucleotide sequences in engineered cells. For example, 

in some embodiments, the engineered cell comprises two engineered nucleic acids; a first 

engineered nucleic acid comprising a polynucleotide sequence encoding the first expression 

cassette and a second engineered nucleic acid comprising a polynucleotide sequence 

encoding the second expression cassette. In an illustrative example, an effector molecule 

expression cassette can be encoded by a first engineered nucleic acid in an engineered cell, 

and an ACP expression cassette can be encoded by a second engineered nucleic acid in the 

engineered cell. In another illustrative example, an effector molecule expression cassette can 

be encoded by a first engineered nucleic acid, an ACP expression cassette can be encoded by 

a second engineered nucleic acid, and an antigen recognizing receptor expression cassette can 

be encoded by a third engineered nucleic acid in an engineered cell. 

[00515] In some embodiments, the first expression cassette and the second expression 

cassette are encoded by a single polynucleotide sequence in engineered cells. For example, in 

some embodiments, the engineered cells comprises a single engineered nucleic acid 

comprising a polynucleotide sequence encoding both the first expression cassette and the 

second expression cassette. Other illustrative examples include, but are not limited to, (1) an 

antigen recognizing receptor expression cassette and an effector molecule expression cassette 

can be encoded by a first engineered nucleic acid, and an ACP expression cassette can be 
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encoded by a second engineered nucleic acid; (2) an ACP expression cassette and an effector 

molecule expression cassette can be encoded by a first engineered nucleic acid, and an 

antigen recognizing receptor expression cassette can be encoded by a second engineered 

nucleic acid; (3) an ACP expression cassette and an antigen recognizing receptor expression 

cassette can be encoded by a first engineered nucleic acid, and an effector molecule 

expression cassette can be encoded by a second engineered nucleic acid. 

[00516] In some embodiments, expression cassettes of polynucleotide sequences in 

engineered cells can be multicistronic, i.e., more than one separate polypeptide (e.g., multiple 

exogenous polynucleotides or effector molecules) can be produced from a single mRNA 

transcript. For example, a multicistronic expression cassette can encode both an ACP and 

antigen recognizing receptor, e.g., both expressed from a single expression cassette driven by 

a constitutive promoter. In another example, a multicistronic expression cassette can encode 

both an effector molecule and an antigen recognizing receptor, e.g., both expressed from a 

single expression cassette driven by an ACP-responsive promoter. Expression cassettes can 

be multicistronic through the use of various linkers, e.g., a polynucleotide sequence encoding 

a first protein of interest can be linked to a nucleotide sequence encoding a second protein of 

interest, such as in a first gene:linker:second gene 5’ to 3’ orientation. Multicistronic features 

and options are described in the section “Multicistronic and Multiple Promoter Systems.” 

[00517] In some embodiments, the second expression cassette comprises two or more units 

of (L – E)X, each L linker polynucleotide sequence is operably associated with the translation 

of each effector molecule as a separate polypeptide. In some embodiments, the second 

expression cassette comprising one or more units of (L – E)X further comprises a 

polynucleotide sequence encoding a secretion signal peptide. In some embodiments, for each 

X the corresponding secretion signal peptide is operably associated with the effector 

molecule. In some embodiments, each secretion signal peptide comprises a native secretion 

signal peptide native to the corresponding effector molecule. In some embodiments, each 

secretion signal peptide comprises a non-native secretion signal peptide that is non-native to 

the corresponding effector molecule. In some embodiments, the non-native secretion signal 

peptide is selected from: IL12, IL2, optimized IL2, trypsiongen-2, Gaussia luciferase, CD5, 

CD8, human IgKVII, murine IgKVII, VSV-G, prolactin, serum albumin preprotein, 

azurocidin preprotein, osteonectin, CD33, IL6, IL8, CCL2, TIMP2, VEGFB, osteoprotegerin, 

serpin E1, GROalpha, GM-CSFR, GM-CSF, and CXCL12. 

[00518] In some embodiments, the cells are engineered to include an additional expression 

cassette comprising an additional promoter operably linked to an additional exogenous 
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nucleotide sequence encoding an additional effector molecule, for example, one that 

stimulates an immune response. In some embodiments, the engineered cell further comprises 

an additional expression cassette comprising an additional promoter and an additional 

exogenous polynucleotide sequence having the formula: (L – E)X wherein E comprises a 

polynucleotide sequence encoding an effector molecule, L comprises a linker polynucleotide 

sequence, X = 1 to 20, wherein the additional promoter is operably linked to the additional 

exogenous polynucleotide, and wherein for the first iteration of the (L – E) unit, L is absent. 

[00519] X can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more.  

[00520] In some embodiments, the additional expression cassette comprises two or more 

units of (L – E)X, each L linker polynucleotide sequence is operably associated with the 

translation of each effector molecule as a separate polypeptide. In some embodiments, the 

additional expression cassette comprises one or more units of (L – E)X further comprises a 

polynucleotide sequence encoding a secretion signal peptide. In some embodiments, for each 

X the corresponding secretion signal peptide is operably associated with the effector 

molecule. In some embodiments, each secretion signal peptide comprises a native secretion 

signal peptide native to the corresponding effector molecule. In some embodiments, each 

secretion signal peptide comprises a non-native secretion signal peptide that is non-native to 

the corresponding effector molecule. In some embodiments, the non-native secretion signal 

peptide is selected from the group consisting of: IL12, IL2, optimized IL2, trypsiongen-2, 

Gaussia luciferase, CD5, CD8, human IgKVIICD5, CD8, human IgKVII, murine IgKVII, 

VSV-G, prolactin, serum albumin preprotein, azurocidin preprotein, osteonectin, CD33, IL6, 

IL8, CCL2, TIMP2, VEGFB, osteoprotegerin, serpin E1, GROalpha, GM-CSFR, GM-CSF, 

and CXCL12. 

[00521] In some embodiments, the first promoter and/or the additional promoter is a 

constitutive promoter, an inducible promoter, or a synthetic promoter. In some embodiments, 

the first promoter and/or the additional promoter is a constitutive promoter selected from: 

CMV, EFS, SFFV, SV40, MND, PGK, UbC, hEF1aV1, hCAGG, hEF1aV2, hACTb, 

heIF4A1, hGAPDH, hGRP78, hGRP94, hHSP70, hKINb, and hUBIb. 

[00522] An engineered cell of the present disclosure can comprise an engineered nucleic 

acid integrated into the cell’s genome. An engineered cell can comprise an engineered nucleic 

acid capable of expression without integrating into the cell’s genome, for example, 

engineered with a transient expression system such as a plasmid or mRNA. 

[00523] The present disclosure also encompasses additivity and synergy between an 

effector molecule(s) and the engineered cell from which they are produced. In some 
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embodiments, cells are engineered to produce one or more (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 

11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more) effector molecules, each of which may 

modulate a different tumor-mediated immunosuppressive mechanism. In other embodiments, 

cells are engineered to produce at least one effector molecule that is not natively produced by 

the cells. Such an effector molecule may, for example, complement the function of effector 

molecules natively produced by the cells.  

[00524] In some embodiments, a cell (e.g., a tumor cell, an erythrocyte, a platelet cell, or a 

bacterial cell) is engineered to produce one or more effector molecules. For example, cells 

may be engineered to produce 1-20 different effector molecules. In some embodiments, cells 

engineered to produce 1-20, 1-19, 1-18, 1-17, 1-16, 1-15, 1-14, 1-13, 1-12, 1-11, 1-10, 1-9, 1-

8, 1-7, 1-6, 1-5, 1-4, 1-3, 1-2, 2-20, 2-19, 2-18, 2-17, 2-16, 2-15, 2-14, 2-13, 2-12, 2-11, 2-10, 

2-9, 2-8, 2-7, 2-6, 2-5, 2-4, 2-3, 3-20, 3-19, 3-18, 3-17, 3-16, 3-15, 3-14, 3-13, 3-12, 3-11, 3-

10, 3-9, 3-8, 3-7, 3-6, 3-5, 3-4, 4-20, 4-19, 4-18, 4-17, 4-16, 4-15, 4-14, 4-13, 4-12, 4-11, 4-

10, 4-9, 4-8, 4-7, 4-6, 4-5, 5-20, 5-19, 5-18, 5-17, 5-16, 5-15, 5-14, 5-13, 5-12, 5-11, 5-10, 5-

9, 5-8, 5-7, 5-6, 6-20, 6-19, 6-18, 6-17, 6-16, 6-15, 6-14, 6-13, 6-12, 6-11, 6-10, 6-9, 6-8, 6-7, 

7-20, 7-19, 7-18, 7-17, 7-16, 7-15, 7-14, 7-13, 7-12, 7-11, 7-10, 7-9, 7-8, 8-20, 8-19, 8-18, 8-

17, 8-16, 8-15, 8-14, 8-13, 8-12, 8-11, 8-10, 8-9, 9-20, 9-19, 9-18, 9-17, 9-16, 9-15, 9-14, 9-

13, 9-12, 9-11, 9-10, 10-20, 10-19, 10-18, 10-17, 10-16, 10-15, 10-14, 10-13, 10-12, 10-11, 

11-20, 11-19, 11-18, 11-17, 11-16, 11-15, 11-14, 11-13, 11-12, 12-20, 12-19, 12-18, 12-17, 

12-16, 12-15, 12-14, 12-13, 13-20, 13-19, 13-18, 13-17, 13-16, 13-15, 13-14, 14-20, 14-19, 

14-18, 14-17, 14-16, 14-15, 15-20, 15-19, 15-18, 15-17, 15-16, 16-20, 16-19, 16-18, 16-17, 

17-20, 17-19, 17-18, 18-20, 18-19, or 19-20 effector molecules. In some embodiments, cells 

are engineered to produce 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 

effector molecules. 

[00525] In some embodiments, engineered cells comprise one or more engineered nucleic 

acids comprising a first expression cassette comprising a first promoter and a first exogenous 

polynucleotide sequence encoding an activation-conditional control polypeptide (ACP), 

wherein the first promoter is operably linked to the first exogenous polynucleotide and a 

second expression cassette comprising an ACP-responsive promoter and a second exogenous 

polynucleotide sequence having the formula: (L – E)X wherein E comprises a polynucleotide 

sequence encoding an effector molecule, L comprises a linker polynucleotide sequence, X = 

1 to 20 wherein the ACP-responsive promoter is operably linked to the second exogenous 

polynucleotide, wherein for the first iteration of the (L – E) unit, L is absent, and wherein the 

ACP is capable of inducing expression of the second expression cassette by binding to the 
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ACP-responsive promoter. In some embodiments, cells are engineered to include a plurality 

of engineered nucleic acids, e.g., at least two engineered nucleic acids, each encoding a first 

expression cassette comprising a first promoter and a first exogenous polynucleotide 

sequence encoding an ACP and a second exogenous polynucleotide sequence having the 

formula: (L – E)X wherein E comprises a polynucleotide sequence encoding an effector 

molecule, L comprises a linker polynucleotide sequence, X = 1 to 20. In some embodiments, 

the second exogenous polynucleotide sequence encodes at least one (e.g., 1, 2 or 3) effector 

molecule. The second exogenous polynucleotide sequence can encode at least 1, at least 2, at 

least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 11, at 

least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, at 

least 20, or more effector molecules. For example, cells may be engineered to comprise at 

least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 8, at least 9, at 

least 10, or more, engineered nucleic acids, each encoding a first expression cassette 

comprising a promoter operably linked to an ACP polynucleotide sequence, and a second 

expression cassette comprising an ACP-responsive promoter and an exogenous nucleotide 

sequence encoding at least one (e.g., 1, 2, 3, or more) effector molecules. In some 

embodiments, the cells are engineered to comprise 2, 3, 4, 5, 6, 7, 8, 9, 10, or more 

engineered nucleic acids, each encoding a first expression cassette comprising a promoter 

operably linked to an ACP polynucleotide sequence, and a second expression cassette 

comprising an ACP-responsive promoter and an exogenous nucleotide sequence encoding at 

least one (e.g., 1, 2, 3, or more) effector molecules.  

[00526] In some embodiments, the engineered cells further comprise a third expression 

cassette comprising a third promoter and a third exogenous polynucleotide sequence 

encoding an antigen recognizing receptor, wherein the third promoter is operably linked to 

the third exogenous polynucleotide. In some embodiments, the first exogenous 

polynucleotide sequence further encodes an antigen recognizing receptor. 

[00527] In some embodiments, engineered cells comprise one or more engineered nucleic 

acids comprising a first expression cassette comprising a first promoter and a first exogenous 

polynucleotide sequence encoding an activation-conditional control polypeptide (ACP) 

and/or an antigen recognizing receptor, wherein the first promoter is operably linked to the 

first exogenous polynucleotide and a second expression cassette comprising an activation-

conditional control polypeptide-responsive (ACP-responsive) promoter and a second 

exogenous polynucleotide sequence having the formula: (L – E)X wherein E comprises a 

polynucleotide sequence encoding an effector molecule, L comprises a linker polynucleotide 
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sequence, X = 1 to 20 wherein the ACP-responsive promoter is operably linked to the second 

exogenous polynucleotide, wherein for the first iteration of the (L – E) unit, L is absent, and 

wherein the ACP is capable of inducing expression of the second expression cassette by 

binding to the ACP-responsive promoter. In embodiments where the first exogenous 

polynucleotide sequence encodes an antigen recognizing receptor, the engineered cells may 

further comprise a third expression cassette comprising a third promoter and a third 

exogenous polynucleotide sequence encoding an activation-conditional control polypeptide 

(ACP), wherein the third promoter is operably linked to the third exogenous polynucleotide. 

Exemplary antigen recognizing receptors include chimeric antigen receptors (CARs) or T cell 

receptors (TCRs). In some embodiments, the ACP is capable of inducing expression of the 

second expression cassette by binding to the ACP-responsive promoter. In some 

embodiments, the ACP is the antigen recognizing receptor and the ACP is capable of 

inducing expression of the second expression cassette by binding to its cognate antigen. In 

some embodiments, the ACP-responsive promoter is an inducible promoter that is capable of 

being induced by the ACP binding to its cognate antigen.  

[00528] Engineered cells can comprise an engineered nucleic acid encoding at least one of 

the linkers described above, such as polypeptides that link a first polypeptide sequence and a 

second polypeptide sequence, one or more multicistronic linker described above, one or more 

additional promoters operably linked to additional ORFs, or a combination thereof. In some 

embodiments, the first expression cassette and the second expression cassette are encoded by 

separate polynucleotide sequences. In some embodiments, the first expression cassette and 

the second expression cassette are encoded by a single polynucleotide sequence. In some 

embodiments, when the second expression cassette comprises two or more units of (L1 – E)X, 

each L1 linker polynucleotide sequence is operably associated with the translation of each 

effector molecule as a separate polypeptide. In some embodiments, the engineered cell 

further comprises a second linker polynucleotide sequence, wherein the second linker 

polynucleotide links the first expression cassette to the second expression cassette. In some 

embodiments, the second linker polynucleotide sequence is operably associated with the 

translation of each effector molecule and the ACP as separate polypeptides. 

[00529] In some embodiments, a cell (e.g., a T cell, an immune cell, a stem cell, a tumor 

cell, an erythrocyte, or a platelet cell) is engineered to produce an effector molecule 

independently selected from a therapeutic class, wherein the therapeutic class is selected 

from: a cytokine, a chemokine, a homing molecule, a growth factor, a co-activation molecule, 
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a tumor microenvironment modifier a, a receptor, a ligand, an antibody, a polynucleotide, a 

peptide, and an enzyme. 

[00530] In some embodiments, a cell of the present disclosure (e.g., a T cell, an immune 

cell, a stem cell, a tumor cell, an erythrocyte, or a platelet cell) is engineered to produce a 

chemokine. In some embodiments, the chemokine is selected from: CCL21a, CXCL10, 

CXCL11, CXCL13, a CXCL10-CXCL11 fusion protein, CCL19, CXCL9, and XCL1. 

[00531] In some embodiments, a cell of the present disclosure (e.g., a T cell, an immune 

cell, a stem cell, a tumor cell, an erythrocyte, or a platelet cell) is engineered to produce a 

cytokine. In some embodiments, the cytokine is selected from: IL1-beta, IL2, IL4, IL6, IL7, 

IL10, IL12, an IL12p70 fusion protein, IL15, IL17A, IL18, IL21, IL22, Type I interferons, 

Interferon-gamma, and TNF-alpha. 

[00532] In some embodiments, a cell of the present disclosure (e.g., a T cell, an immune 

cell, a stem cell, a tumor cell, an erythrocyte, or a platelet cell) is engineered to produce at 

least one homing molecule. “Homing,” refers to active navigation (migration) of a cell to a 

target site (e.g., a cell, tissue (e.g., tumor), or organ). A “homing molecule” refers to a 

molecule that directs cells to a target site. In some embodiments, a homing molecule 

functions to recognize and/or initiate interaction of an engineered cell to a target site. In some 

embodiments, the homing molecule is selected from: anti-integrin alpha4,beta7; anti-

MAdCAM; CCR9; CXCR4; SDFl; MMP-2; CXCR1; CXCR7; CCR2; CCR4; and GPR15. 

[00533] In some embodiments, a cell of the present disclosure (e.g., a T cell, an immune 

cell, a stem cell, a tumor cell, an erythrocyte, or a platelet cell) is engineered to produce at 

least one growth factor. In some embodiments, the growth factor is selected from: FLT3L and 

GM-CSF. 

[00534] In some embodiments, a cell of the present disclosure (e.g., a T cell, an immune 

cell, a stem cell, a tumor cell, an erythrocyte, or a platelet cell) is engineered to produce at 

least one co-activation molecule. In some embodiments, the co-activation molecule is 

selected from: c-Jun, 4-1BBL and CD40L. 

[00535] In some embodiments, a cell of the present disclosure (e.g., a T cell, an immune 

cell, a stem cell, a tumor cell, an erythrocyte, or a platelet cell) is engineered to produce at 

least one TGFbeta inhibitor. In some embodiments, the TGFbeta inhibitors are selected from: 

an anti-TGFbeta peptide, an anti-TGFbeta antibody, a TGFb-TRAP, and combinations 

thereof. 

[00536] In some embodiments, a cell of the present disclosure (e.g., a T cell, an immune 

cell, a stem cell, a tumor cell, an erythrocyte, or a platelet cell) is engineered to produce at 
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least one immune checkpoint inhibitor. In some embodiments, the immune checkpoint 

inhibitors are selected from: anti-PD-1 antibodies, anti-PD-L1 antibodies, anti-PD-L2 

antibodies, anti-CTLA-4 antibodies, anti-LAG-3 antibodies, anti-TIM-3 antibodies, anti-

TIGIT antibodies, anti-VISTA antibodies, anti-KIR antibodies, anti-B7-H3 antibodies, anti-

B7-H4 antibodies, anti-HVEM antibodies, anti-BTLA antibodies, anti-GAL9 antibodies, anti-

A2AR antibodies, anti-phosphatidylserine antibodies, anti-CD27 antibodies, anti-TNFa 

antibodies, anti-TREMl antibodies, and anti-TREM2 antibodies. 

[00537] Illustrative immune checkpoint inhibitors include pembrolizumab (anti-PD-1; 

MK-3475/Keytruda® - Merck), nivolumamb (anti-PD-1; Opdivo® - BMS), pidilizumab 

(anti-PD-1 antibody; CT-011 – Teva/CureTech), AMP224 (anti-PD-1; NCI), avelumab (anti-

PD-L1; Bavencio® - Pfizer), durvalumab (anti-PD-L1; MEDI4736/Imfinzi® - 

Medimmune/AstraZeneca), atezolizumab (anti-PD-L1; Tecentriq® - Roche/Genentech), 

BMS-936559 (anti-PD-L1 - BMS), tremelimumab (anti-CTLA-4; Medimmune/AstraZeneca), 

ipilimumab (anti-CTLA-4; Yervoy ® - BMS), lirilumab (anti-KIR; BMS), monalizumab 

(anti-NKG2A; Innate Pharma/AstraZeneca). 

[00538] In some embodiments, a cell of the present disclosure (e.g., a tumor cell, an 

erythrocyte, a platelet cell, or a bacterial cell) is engineered to produce at least one VEGF 

inhibitor. In some embodiments, the VEGF inhibitors comprise anti-VEGF antibodies, anti-

VEGF peptides, or combinations thereof. 

[00539] In some embodiments, each effector molecule is a human-derived effector 

molecule. 

Engineereed Cell Types 

[00540] An engineered cell or isolated cell of the present disclosure can be a human cell. 

An engineered cell or isolated cell can be a human primary cell. An engineered primary cell 

can be a tumor infiltrating primary cell. An engineered primary cell can be a primary T cell. 

An engineered primary cell can be a hematopoietic stem cell (HSC). An engineered primary 

cell can be a natural killer cell. An engineered primary cell can be any somatic cell. An 

engineered primary cell can be a MSC. In some embodiments, the engineered cell is derived 

from the subject. In some embodiments, the engineered cell is allogeneic with reference to 

the subject. 

[00541] An engineered cell of the present disclosure can be isolated from a subject, such 

as a subject known or suspected to have cancer. Cell isolation methods are known to those 

skilled in the art and include, but are not limited to, sorting techniques based on cell-surface 
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marker expression, such as FACS sorting, positive isolation techniques, and negative 

isolation, magnetic isolation, and combinations thereof. An engineered cell can be allogenic 

with reference to the subject being administered a treatment. Allogenic modified cells can be 

HLA-matched to the subject being administered a treatment. An engineered cell can be a 

cultured cell, such as an ex vivo cultured cell. An engineered cell can be an ex vivo cultured 

cell, such as a primary cell isolated from a subject. Cultured cell can be cultured with one or 

more cytokines. 

[00542] In some embodiments, an engineered or isolated cell of the present disclosure is 

selected from: a T cell, a CD8+ T cell, a CD4+ T cell, a gamma-delta T cell, a cytotoxic T 

lymphocyte (CTL), a regulatory T cell, a Natural Killer T (NKT) cell, a Natural Killer (NK) 

cell, a B cell, a tumor-infiltrating lymphocyte (TIL), an innate lymphoid cell, a mast cell, an 

eosinophil, a basophil, a neutrophil, a myeloid cell, a macrophage, a monocyte, a dendritic 

cell, an erythrocyte, a platelet cell, a human embryonic stem cell (ESC), an ESC-derived cell, 

a pluripotent stem cell, a mesenchymal stromal cell (MSC), an induced pluripotent stem cell 

(iPSC), and an iPSC-derived cell. In some embodiments, the engineered cell is a Natural 

Killer (NK) cell. In some embodiments, an engineered cell is autologous. In some 

embodiments, an engineered cell is allogeneic.  

[00543] In some embodiments, an engineered cell of the present disclosure is a tumor cell 

selected from: an adenocarcinoma cell, a bladder tumor cell, a brain tumor cell, a breast 

tumor cell, a cervical tumor cell, a colorectal tumor cell, an esophageal tumor cell, a glioma 

cell, a kidney tumor cell, a liver tumor cell, a lung tumor cell, a melanoma cell, a 

mesothelioma cell, an ovarian tumor cell, a pancreatic tumor cell, a gastric tumor cell, a 

testicular yolk sac tumor cell, a prostate tumor cell, a skin tumor cell, a thyroid tumor cell, 

and a uterine tumor cell. 

[00544] In some embodiments, an engineered cell of the present disclosure is a bacterial 

cell selected from: Clostridium beijerinckii, Clostridium sporogenes, Clostridium novyi, 

Escherichia coli, Pseudomonas aeruginosa, Listeria monocytogenes, Salmonella 

typhimurium, and Salmonella choleraesuis. 

[00545] Also provided herein are methods that include culturing the engineered cells of the 

present disclosure. Methods of culturing the engineered cells described herein are known. 

One skilled in the art will recognize that culturing conditions will depend on the particular 

engineered cell of interest. One skilled in the art will recognize that culturing conditions will 

depend on the specific downstream use of the engineered cell, for example, specific culturing 

conditions for subsequent administration of the engineered cell to a subject. 
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Methods of Engineering Cells 

[00546] Also provided herein are compositions and methods for engineering cells to 

produce the activation conditional control polypeptide (ACP) and one or more effectors 

molecules encoded by any engineered nucleic acid comprising the first and second expression 

cassettes as described herein, or.  

[00547] In general, cells are engineered to produce ACPs and effector molecules through 

introduction (i.e., delivery) of one or more polynucleotides of the present disclosure 

comprising the first promoter and the exogenous polynucleotide sequence encoding the ACP 

and the second expression cassette comprising an ACP-responsive promoter and the second 

exogenous sequence encoding one or more effector molecules into the cell’s cytosol and/or 

nucleus. For example, the polynucleotide expression cassettes encoding the ACP polypeptide 

and the one or more effector molecules can be any of the engineered nucleic acids described 

herein. Delivery methods include, but are not limited to, viral-mediated delivery, lipid-

mediated transfection, nanoparticle delivery, electroporation, sonication, and cell membrane 

deformation by physical means. One skilled in the art will appreciate the choice of delivery 

method can depend on the specific cell type to be engineered. 

[00548] In some embodiments, the engineered cell is transduced using an oncolytic virus. 

Examples of oncolytic viruses include, but are not limited to, an oncolytic herpes simplex 

virus, an oncolytic adenovirus, an oncolytic measles virus, an oncolytic influenza virus, an 

oncolytic Indiana vesiculovirus, an oncolytic Newcastle disease virus, an oncolytic vaccinia 

virus, an oncolytic poliovirus, an oncolytic myxoma virus, an oncolytic reovirus, an oncolytic 

mumps virus, an oncolytic Maraba virus, an oncolytic rabies virus, an oncolytic rotavirus, an 

oncolytic hepatitis virus, an oncolytic rubella virus, an oncolytic dengue virus, an oncolytic 

chikungunya virus, an oncolytic respiratory syncytial virus, an oncolytic lymphocytic 

choriomeningitis virus, an oncolytic morbillivirus, an oncolytic lentivirus, an oncolytic 

replicating retrovirus, an oncolytic rhabdovirus, an oncolytic Seneca Valley virus, an 

oncolytic sindbis virus, and any variant or derivative thereof. In some embodiments, the 

oncolytic virus is a recombinant oncolytic virus comprising the first expression cassette and 

the second expression cassette. In some embodiments, the oncolytic virus further comprises 

the third expression cassette. 

[00549] The virus, including any of the oncolytic viruses described herein, can be a 

recombinant virus that encodes one more transgenes encoding one or more effector 

molecules, such as any of the engineered nucleic acids described herein. The virus, including 

any of the oncolytic viruses described herein, can be a recombinant virus that encodes one 
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more transgenes encoding one or more of the two or more effector molecules, such as any of 

the engineered nucleic acids described herein. In some embodiments, the cell is engineered 

via transduction with an oncolytic virus. 

Viral-Mediated Delivery 

[00550]  Viral vector-based delivery platforms can be used to engineer cells. In general, a 

viral vector-based delivery platform engineers a cell through introducing (i.e., delivering) into 

a host cell. For example, a viral vector-based delivery platform can engineer a cell through 

introducing any of the engineered nucleic acids described herein. A viral vector-based 

delivery platform can be a nucleic acid, and as such, an engineered nucleic acid can also 

encompass an engineered virally-derived nucleic acid. Such engineered virally-derived 

nucleic acids can also be referred to as recombinant viruses or engineered viruses.  

[00551] A viral vector-based delivery platform can encode more than one engineered 

nucleic acid, gene, or transgene within the same nucleic acid. For example, an engineered 

virally-derived nucleic acid, e.g., a recombinant virus or an engineered virus, can encode one 

or more transgenes, including, but not limited to, any of the engineered nucleic acids 

described herein that encode one or more effector molecules. The one or more transgenes 

encoding the one or more effector molecules can be configured to express the one or more 

effector molecules. A viral vector-based delivery platform can encode one or more genes in 

addition to the one or more transgenes (e.g., transgenes encoding the one or more effector 

molecules), such as viral genes needed for viral infectivity and/or viral production (e.g., 

capsid proteins, envelope proteins, viral polymerases, viral transcriptases, etc.), referred to as 

cis-acting elements or genes.  

[00552] A viral vector-based delivery platform can comprise more than one viral vector, 

such as separate viral vectors encoding the engineered nucleic acids, genes, or transgenes 

described herein, and referred to as trans-acting elements or genes. For example, a helper-

dependent viral vector-based delivery platform can provide additional genes needed for viral 

infectivity and/or viral production on one or more additional separate vectors in addition to 

the vector encoding the one or more effector molecules. One viral vector can deliver more 

than one engineered nucleic acids, such as one vector that delivers engineered nucleic acids 

that are configured to produce two or more effector molecules. More than one viral vector 

can deliver more than one engineered nucleic acids, such as more than one vector that 

delivers one or more engineered nucleic acid configured to produce one or more effector 

molecules. The number of viral vectors used can depend on the packaging capacity of the 
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above mentioned viral vector-based vaccine platforms, and one skilled in the art can select 

the appropriate number of viral vectors. 

[00553] In general, any of the viral vector-based systems can be used for the in vitro 

production of molecules, such as effector molecules, or used in vivo and ex vivo gene therapy 

procedures, e.g., for in vivo delivery of the engineered nucleic acids encoding one or more 

effector molecules. The selection of an appropriate viral vector-based system will depend on 

a variety of factors, such as cargo/payload size, immunogenicity of the viral system, target 

cell of interest, gene expression strength and timing, and other factors appreciated by one 

skilled in the art.  

[00554] Viral vector-based delivery platforms can be RNA-based viruses or DNA-based 

viruses. Exemplary viral vector-based delivery platforms include, but are not limited to, a 

herpes simplex virus, a adenovirus, a measles virus, an influenza virus, a Indiana 

vesiculovirus, a Newcastle disease virus, a vaccinia virus, a poliovirus, a myxoma virus, a 

reovirus, a mumps virus, a Maraba virus, a rabies virus, a rotavirus, a hepatitis virus, a rubella 

virus, a dengue virus, a chikungunya virus, a respiratory syncytial virus, a lymphocytic 

choriomeningitis virus, a morbillivirus, a lentivirus, a replicating retrovirus, a rhabdovirus, a 

Seneca Valley virus, a sindbis virus, and any variant or derivative thereof. Other exemplary 

viral vector-based delivery platforms are described in the art, such as vaccinia, fowlpox, self-

replicating alphavirus, marabavirus, adenovirus (See, e.g., Tatsis et al., Adenoviruses, 

Molecular Therapy (2004) 10, 616—629), or lentivirus, including but not limited to second, 

third or hybrid second/third generation lentivirus and recombinant lentivirus of any 

generation designed to target specific cell types or receptors (See, e.g., Hu et al., 

Immunization Delivered by Lentiviral Vectors for Cancer and Infectious Diseases, Immunol 

Rev. (2011) 239(1): 45-61, Sakuma et al., Lentiviral vectors: basic to translational, Biochem 

J. (2012) 443(3):603-18, Cooper et al., Rescue of splicing-mediated intron loss maximizes 

expression in lentiviral vectors containing the human ubiquitin C promoter, Nucl. Acids Res. 

(2015) 43 (1): 682-690, Zufferey et al., Self-Inactivating Lentivirus Vector for Safe and 

Efficient In vivo Gene Delivery, J. Virol. (1998) 72 (12): 9873-9880).  

[00555] The sequences may be preceded with one or more sequences targeting a 

subcellular compartment. Upon introduction (i.e. delivery) into a host cell, infected cells (i.e., 

an engineered cell) can express, and in some case secrete, the one or more effector molecules. 

Vaccinia vectors and methods useful in immunization protocols are described in, e.g., U.S. 

Pat. No. 4,722,848. Another vector is BCG (Bacille Calmette Guerin). BCG vectors are 

described in Stover et al. (Nature 351:456-460 (1991)). A wide variety of other vectors useful 
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for the introduction (i.e., delivery) of engineered nucleic acids, e.g., Salmonella typhi vectors, 

and the like will be apparent to those skilled in the art from the description herein. 

[00556] The viral vector-based delivery platforms can be a virus that targets a tumor cell, 

herein referred to as an oncolytic virus. Examples of oncolytic viruses include, but are not 

limited to, an oncolytic herpes simplex virus, an oncolytic adenovirus, an oncolytic measles 

virus, an oncolytic influenza virus, an oncolytic Indiana vesiculovirus, an oncolytic 

Newcastle disease virus, an oncolytic vaccinia virus, an oncolytic poliovirus, an oncolytic 

myxoma virus, an oncolytic reovirus, an oncolytic mumps virus, an oncolytic Maraba virus, 

an oncolytic rabies virus, an oncolytic rotavirus, an oncolytic hepatitis virus, an oncolytic 

rubella virus, an oncolytic dengue virus, an oncolytic chikungunya virus, an oncolytic 

respiratory syncytial virus, an oncolytic lymphocytic choriomeningitis virus, an oncolytic 

morbillivirus, an oncolytic lentivirus, an oncolytic replicating retrovirus, an oncolytic 

rhabdovirus, an oncolytic Seneca Valley virus, an oncolytic sindbis virus, and any variant or 

derivative thereof. Any of the oncolytic viruses described herein can be a recombinant 

oncolytic virus comprising one more transgenes (e.g., an engineered nucleic acid) encoding 

one or more effector molecules. The transgenes encoding the one or more effector molecules 

can be configured to express the one or more effector molecules. 

[00557] In some embodiments, the virus is selected from: a lentivirus, a retrovirus, an 

oncolytic virus, an adenovirus, an adeno-associated virus (AAV), and a virus-like particle 

(VLP). 

[00558] The viral vector-based delivery platform can be retrovirus-based. In general, 

retroviral vectors are comprised of cis-acting long terminal repeats with packaging capacity 

for up to 6-10 kb of foreign sequence. The minimum cis-acting LTRs are sufficient for 

replication and packaging of the vectors, which are then used to integrate the one or more 

engineered nucleic acids (e.g., transgenes encoding the one or more effector molecules) into 

the target cell to provide permanent transgene expression. Retroviral-based delivery systems 

include, but are not limited to, those based upon murine leukemia, virus (MuLV), gibbon ape 

leukemia virus (GaLV), Simian Immuno deficiency vims (SIV), human immuno deficiency 

vims (HIV), and combinations thereof (see, e.g., Buchscher et al., J. Virol. 66:2731-2739 

(1992); Johann et ah, J. Virol. 66:1635-1640 (1992); Sommnerfelt et al., Virol. 176:58-59 

(1990); Wilson et ah, J. Virol. 63:2374-2378 (1989); Miller et al, J, Virol. 65:2220-2224 

(1991); PCT/US94/05700). Other retroviral systems include the Phoenix retrovirus system. 

[00559] The viral vector-based delivery platform can be lentivirus-based. In general, 

lentiviral vectors are retroviral vectors that are able to transduce or infect non-dividing cells 
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and typically produce high viral titers. Lentiviral-based delivery platforms can be HIV-based, 

such as ViraPower systems (ThermoFisher) or pLenti systems (Cell Biolabs). . Lentiviral-

based delivery platforms can be SIV, or FIV-based. Other exemplary lentivirus-based 

delivery platforms are described in more detail in U.S. Pat. Nos. 7,311,907; 7,262,049; 

7,250,299; 7,226,780; 7,220,578; 7,211,247; 7,160,721; 7,078,031; 7,070,993; 7,056,699; 

6,955,919, each herein incorporated by reference for all purposes. 

[00560] The viral vector-based delivery platform can be adenovirus-based. In general, 

adenoviral based vectors are capable of very high transduction efficiency in many cell types, 

do not require cell division, achieve high titer and levels of expression, and can be produced 

in large quantities in a relatively simple system. In general, adenoviruses can be used for 

transient expression of a transgene within an infected cell since adenoviruses do not typically 

integrate into a host’s genome. Adenovirus-based delivery platforms are described in more 

detail in Li et al., Invest Opthalmol Vis Sci 35:2543 2549, 1994; Borras et al., Gene Ther 

6:515 524, 1999; Li and Davidson, PNAS 92:7700 7704, 1995; Sakamoto et al., H Gene Ther 

5:1088 1097, 1999; WO 94/12649, WO 93/03769; WO 93/19191; WO 94/28938; WO 

95/11984 and WO 95/00655, each herein incorporated by reference for all purposes. Other 

exemplary adenovirus-based delivery platforms are described in more detail in U.S. Pat. Nos. 

5585362; 6,083,716, 7,371,570; 7,348,178; 7,323,177; 7,319,033; 7,318,919; and 7,306,793 

and International Patent Application WO96/13597, each herein incorporated by reference for 

all purposes. 

[00561] The viral vector-based delivery platform can be adeno-associated virus (AAV)-

based. Adeno-associated virus (“AAV”) vectors may be used to transduce cells with 

engineered nucleic acids (e.g., any of the engineered nucleic acids described herein). AAV 

systems can be used for the in vitro production of effector molecules, or used in vivo and ex 

vivo gene therapy procedures, e.g., for in vivo delivery of the engineered nucleic acids 

encoding one or more effector molecules (see, e.g., West et al., Virology 160:38-47 (1987); 

U.S. Pat. Nos. 4,797,368; 5,436,146; 6,632,670; 6,642,051; 7,078,387; 7,314,912; 6,498,244; 

7,906,111; US patent publications US 2003-0138772, US 2007/0036760, and US 

2009/0197338; Gao, et al., J. Virol, 78(12):6381-6388 (June 2004); Gao, et al, Proc Natl 

Acad Sci USA, 100(10):6081-6086 (May 13, 2003); and International Patent applications 

WO 2010/138263 and WO 93/24641; Kotin, Human Gene Therapy 5:793-801 (1994); 

Muzyczka, J. Clin. Invest. 94:1351 (1994), each herein incorporated by reference for all 

purposes). Exemplary methods for constructing recombinant AAV vectors are described in 

more detail in U.S. Pat. No, 5,173,414; Tratschin et ah, Mol. Cell. Biol. 5:3251-3260 (1985); 
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Tratschin, et ah, Mol. Cell, Biol. 4:2072-2081 (1984); Hermonat &amp; Muzyczka, PNAS 

81:64666470 (1984); and Samuiski et ah, J. Virol. 63:03822-3828 (1989), each herein 

incorporated by reference for all purposes. In general, an AAV-based vector comprises a 

capsid protein having an amino acid sequence corresponding to any one of AAV1, AAV2, 

AAV3, AAV4, AAV5, AAV6, AAV7, AAV8, AAV9, AAV.Rh10, AAV11 and variants 

thereof. 

[00562] The viral vector-based delivery platform can be a virus-like particle (VLP) 

platform. In general, VLPs are constructed by producing viral structural proteins and 

purifying resulting viral particles. Then, following purification, a cargo/payload (e.g., any of 

the engineered nucleic acids described herein) is encapsulated within the purified particle ex 

vivo. Accordingly, production of VLPs maintains separation of the nucleic acids encoding 

viral structural proteins and the nucleic acids encoding the cargo/payload. The viral structural 

proteins used in VLP production can be produced in a variety of expression systems, 

including mammalian, yeast, insect, bacterial, or in vivo translation expression systems. The 

purified viral particles can be denatured and reformed in the presence of the desired cargo to 

produce VLPs using methods known to those skilled in the art. Production of VLPs are 

described in more detail in Seow et al. (Mol Ther. 2009 May; 17(5): 767–777), herein 

incorporated by reference for all purposes. 

[00563] The viral vector-based delivery platform can be engineered to target (i.e., infect) a 

range of cells, target a narrow subset of cells, or target a specific cell. In general, the envelope 

protein chosen for the viral vector-based delivery platform will determine the viral tropism. 

The virus used in the viral vector-based delivery platform can be pseudotyped to target a 

specific cell of interest. The viral vector-based delivery platform can be pantropic and infect a 

range of cells. For example, pantropic viral vector-based delivery platforms can include the 

VSV-G envelope. The viral vector-based delivery platform can be amphotropic and infect 

mammalian cells. Accordingly, one skilled in the art can select the appropriate tropism, 

pseudotype, and/or envelope protein for targeting a desired cell type. 

Lipid Structure Delivery Systems 

[00564] Engineered nucleic acids of the present disclosure (e.g., any of the engineered 

nucleic acids described herein) can be introduced into a cell using a lipid-mediated delivery 

system. In general, a lipid-mediated delivery system uses a structure composed of an outer 

lipid membrane enveloping an internal compartment. Examples of lipid-based structures 

include, but are not limited to, a lipid-based nanoparticle, a liposome, a micelle, an exosome, 
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a vesicle, an extracellular vesicle, a cell, or a tissue. Lipid structure delivery systems can 

deliver a cargo/payload (e.g., any of the engineered nucleic acids described herein) in vitro, in 

vivo, or ex vivo. 

[00565] A lipid-based nanoparticle can include, but is not limited to, a unilamellar 

liposome, a multilamellar liposome, and a lipid preparation. As used herein, a “liposome” is a 

generic term encompassing in vitro preparations of lipid vehicles formed by enclosing a 

desired cargo, e.g., an engineered nucleic acid, such as any of the engineered nucleic acids 

described herein, within a lipid shell or a lipid aggregate. Liposomes may be characterized as 

having vesicular structures with a bilayer membrane, generally comprising a phospholipid, 

and an inner medium that generally comprises an aqueous composition. Liposomes include, 

but are not limited to, emulsions, foams, micelles, insoluble monolayers, liquid crystals, 

phospholipid dispersions, lamellar layers and the like. Liposomes can be unilamellar 

liposomes. Liposomes can be multilamellar liposomes. Liposomes can be multivesicular 

liposomes. Liposomes can be positively charged, negatively charged, or neutrally charged. In 

certain embodiments, the liposomes are neutral in charge. Liposomes can be formed from 

standard vesicle-forming lipids, which generally include neutral and negatively charged 

phospholipids and a sterol, such as cholesterol. The selection of lipids is generally guided by 

consideration of a desired purpose, e.g., criteria for in vivo delivery, such as liposome size, 

acid lability and stability of the liposomes in the blood stream. A variety of methods are 

available for preparing liposomes, as described in, e.g., Szoka et al., Ann. Rev. Biophys. 

Bioeng. 9; 467 (1980), U.S. Pat. Nos. 4,235,871, 4,501,728, 4,501,728, 4,837,028, and 

5,019,369, each herein incorporated by reference for all purposes. 

[00566] A multilamellar liposome is generated spontaneously when lipids comprising 

phospholipids are suspended in an excess of aqueous solution such that multiple lipid layers 

are separated by an aqueous medium. Water and dissolved solutes are entrapped in closed 

structures between the lipid bilayers following the lipid components undergoing self-

rearrangement. A desired cargo (e.g., a polypeptide, a nucleic acid, a small molecule drug, an 

engineered nucleic acid, such as any of the engineered nucleic acids described herein, a viral 

vector, a viral-based delivery system, etc.) can be encapsulated in the aqueous interior of a 

liposome, attached to a liposome via a linking molecule that is associated with both the 

liposome and the polypeptide/nucleic acid, interspersed within the lipid bilayer of a liposome, 

entrapped in a liposome, complexed with a liposome, or otherwise associated with the 

liposome such that it can be delivered to a target entity. Lipophilic molecules or molecules 

with lipophilic regions may also dissolve in or associate with the lipid bilayer. 
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[00567] A liposome used according to the present embodiments can be made by different 

methods, as would be known to one of ordinary skill in the art. Preparations of liposomes are 

described in further detail in WO 2016/201323, International Applications PCT/US85/01161 

and PCT/US89/05040, and U.S. Patents 4,728,578, 4,728,575, 4,737,323, 4,533,254, 

4,162,282, 4,310,505, and 4,921,706; each herein incorporated by reference for all purposes. 

[00568] Liposomes can be cationic liposomes. Examples of cationic liposomes are 

described in more detail in U.S. Patent No. 5,962,016; 5,030,453; 6,680,068, U.S. 

Application 2004/0208921, and International Patent Applications WO03/015757A1, 

WO04029213A2, and WO02/100435A1, each hereby incorporated by reference in their 

entirety. 

[00569] Lipid-mediated gene delivery methods are described, for instance, in WO 

96/18372; WO 93/24640; Mannino & Gould-Fogerite, BioTechniques 6(7): 682-691 (1988); 

U.S. Pat. No. 5,279,833 Rose U.S. Pat. No. 5,279,833; WO91/06309; and Felgner et al., Proc. 

Natl. Acad. Sci. USA 84: 7413-7414 (1987), each herein incorporated by reference for all 

purposes. 

[00570] Exosomes are small membrane vesicles of endocytic origin that are released into 

the extracellular environment following fusion of multivesicular bodies with the plasma 

membrane. The size of exosomes ranges between 30 and 100 nm in diameter. Their surface 

consists of a lipid bilayer from the donor cell's cell membrane, and they contain cytosol from 

the cell that produced the exosome, and exhibit membrane proteins from the parental cell on 

the surface. Exosomes useful for the delivery of nucleic acids are known to those skilled in 

the art, e.g., the exosomes described in more detail in U.S. Pat. No. 9,889,210, herein 

incorporated by reference for all purposes. 

[00571] As used herein, the term “extracellular vesicle” or “EV” refers to a cell-derived 

vesicle comprising a membrane that encloses an internal space. In general, extracellular 

vesicles comprise all membrane-bound vesicles that have a smaller diameter than the cell 

from which they are derived. Generally extracellular vesicles range in diameter from 20 nm 

to 1000 nm, and can comprise various macromolecular cargo either within the internal space, 

displayed on the external surface of the extracellular vesicle, and/or spanning the membrane. 

The cargo can comprise nucleic acids (e.g., any of the engineered nucleic acids described 

herein), proteins, carbohydrates, lipids, small molecules, and/or combinations thereof. By 

way of example and without limitation, extracellular vesicles include apoptotic bodies, 

fragments of cells, vesicles derived from cells by direct or indirect manipulation (e.g., by 

serial extrusion or treatment with alkaline solutions), vesiculated organelles, and vesicles 
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produced by living cells (e.g., by direct plasma membrane budding or fusion of the late 

endosome with the plasma membrane). Extracellular vesicles can be derived from a living or 

dead organism, explanted tissues or organs, and/or cultured cells. 

[00572] As used herein the term “exosome” refers to a cell-derived small (between 20-300 

nm in diameter, more preferably 40-200 nm in diameter) vesicle comprising a membrane that 

encloses an internal space, and which is generated from the cell by direct plasma membrane 

budding or by fusion of the late endosome with the plasma membrane. The exosome 

comprises lipid or fatty acid and polypeptide and optionally comprises a payload (e.g., a 

therapeutic agent), a receiver (e.g., a targeting moiety), a polynucleotide (e.g., a nucleic acid, 

RNA, or DNA, such as any of the engineered nucleic acids described herein), a sugar (e.g., a 

simple sugar, polysaccharide, or glycan) or other molecules. The exosome can be derived 

from a producer cell, and isolated from the producer cell based on its size, density, 

biochemical parameters, or a combination thereof. An exosome is a species of extracellular 

vesicle. Generally, exosome production/biogenesis does not result in the destruction of the 

producer cell. Exosomes and preparation of exosomes are described in further detail in WO 

2016/201323, which is hereby incorporated by reference in its entirety. 

[00573] As used herein, the term “nanovesicle” (also referred to as a “microvesicle”) 

refers to a cell-derived small (between 20-250 nm in diameter, more preferably 30-150 nm in 

diameter) vesicle comprising a membrane that encloses an internal space, and which is 

generated from the cell by direct or indirect manipulation such that said nanovesicle would 

not be produced by said producer cell without said manipulation. In general, a nanovesicle is 

a sub-species of an extracellular vesicle. Appropriate manipulations of the producer cell 

include but are not limited to serial extrusion, treatment with alkaline solutions, sonication, or 

combinations thereof. The production of nanovesicles may, in some instances, result in the 

destruction of said producer cell. Preferably, populations of nanovesicles are substantially 

free of vesicles that are derived from producer cells by way of direct budding from the 

plasma membrane or fusion of the late endosome with the plasma membrane. The 

nanovesicle comprises lipid or fatty acid and polypeptide, and optionally comprises a payload 

(e.g., a therapeutic agent), a receiver (e.g., a targeting moiety), a polynucleotide (e.g., a 

nucleic acid, RNA, or DNA, such as any of the engineered nucleic acids described herein), a 

sugar (e.g., a simple sugar, polysaccharide, or glycan) or other molecules. The nanovesicle, 

once it is derived from a producer cell according to said manipulation, may be isolated from 

the producer cell based on its size, density, biochemical parameters, or a combination thereof.  
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[00574] Lipid nanoparticles (LNPs), in general, are synthetic lipid structures that rely on 

the amphiphilic nature of lipids to form membranes and vesicle like structures (Riley 2017). 

In general, these vesicles deliver cargo/payloads, such as any of the engineered nucleic acids 

or viral systems described herein, by absorbing into the membrane of target cells and 

releasing the cargo into the cytosol. Lipids used in LNP formation can be cationic, anionic, or 

neutral. The lipids can be synthetic or naturally derived, and in some instances biodegradable. 

Lipids can include fats, cholesterol, phospholipids, lipid conjugates including, but not limited 

to, polyethyleneglycol (PEG) conjugates (PEGylated lipids), waxes, oils, glycerides, and fat 

soluble vitamins. Lipid compositions generally include defined mixtures of materials, such as 

the cationic, neutral, anionic, and amphipathic lipids. In some instances, specific lipids are 

included to prevent LNP aggregation, prevent lipid oxidation, or provide functional chemical 

groups that facilitate attachment of additional moieties. Lipid composition can influence 

overall LNP size and stability. In an example, the lipid composition comprises 

dilinoleylmethyl- 4-dimethylaminobutyrate (MC3) or MC3-like molecules. MC3 and MC3-

like lipid compositions can be formulated to include one or more other lipids, such as a PEG 

or PEG-conjugated lipid, a sterol, or neutral lipids. In addition, LNPs can be further 

engineered or functionalized to facilitate targeting of specific cell types. Another 

consideration in LNP design is the balance between targeting efficiency and cytotoxicity. 

[00575] Micelles, in general, are spherical synthetic lipid structures that are formed using 

single-chain lipids, where the single-chain lipid’s hydrophilic head forms an outer layer or 

membrane and the single-chain lipid’s hydrophobic tails form the micelle center. Micelles 

typically refer to lipid structures only containing a lipid mono-layer. Micelles are described in 

more detail in Quader et al. (Mol Ther. 2017 Jul 5; 25(7): 1501–1513), herein incorporated by 

reference for all purposes. 

[00576] Nucleic-acid vectors, such as expression vectors, exposed directly to serum can 

have several undesirable consequences, including degradation of the nucleic acid by serum 

nucleases or off-target stimulation of the immune system by the free nucleic acids. Similarly, 

viral delivery systems exposed directly to serum can trigger an undesired immune response 

and/or neutralization of the viral delivery system. Therefore, encapsulation of an engineered 

nucleic acid and/or viral delivery system can be used to avoid degradation, while also 

avoiding potential off-target affects. In certain examples, an engineered nucleic acid and/or 

viral delivery system is fully encapsulated within the delivery vehicle, such as within the 

aqueous interior of an LNP. Encapsulation of an engineered nucleic acid and/or viral delivery 

system within an LNP can be carried out by techniques well-known to those skilled in the art, 
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such as microfluidic mixing and droplet generation carried out on a microfluidic droplet 

generating device. Such devices include, but are not limited to, standard T-junction devices or 

flow-focusing devices. In an example, the desired lipid formulation, such as MC3 or MC3-

like containing compositions, is provided to the droplet generating device in parallel with an 

engineered nucleic acid or viral delivery system and any other desired agents, such that the 

delivery vector and desired agents are fully encapsulated within the interior of the MC3 or 

MC3-like based LNP. In an example, the droplet generating device can control the size range 

and size distribution of the LNPs produced. For example, the LNP can have a size ranging 

from 1 to 1000 nanometers in diameter, e.g., 1, 10, 50, 100, 500, or 1000 nanometers. 

Following droplet generation, the delivery vehicles encapsulating the cargo/payload (e.g., an 

engineered nucleic acid and/or viral delivery system) can be further treated or engineered to 

prepare them for administration. 

Nanoparticle Delivery 

[00577] Nanomaterials can be used to deliver engineered nucleic acids (e.g., any of the 

engineered nucleic acids described herein). Nanomaterial vehicles, importantly, can be made 

of non-immunogenic materials and generally avoid eliciting immunity to the delivery vector 

itself. These materials can include, but are not limited to, lipids (as previously described), 

inorganic nanomaterials, and other polymeric materials. Nanomaterial particles are described 

in more detail in Riley et al. (Recent Advances in Nanomaterials for Gene Delivery—A 

Review. Nanomaterials 2017, 7(5), 94), herein incorporated by reference for all purposes. 

Genomic Editing Systems 

[00578] A genomic editing systems can be used to engineer a host genome to encode an 

engineered nucleic acid, such as an engineered nucleic acid of the present disclosure. In 

general, a “genomic editing system” refers to any system for integrating an exogenous gene 

into a host cell’s genome. Genomic editing systems include, but are not limited to, a 

transposon system, a nuclease genomic editing system, and a viral vector-based delivery 

platform. 

[00579] A transposon system can be used to integrate an engineered nucleic acid, such as 

an engineered nucleic acid of the present disclosure, into a host genome. Transposons 

generally comprise terminal inverted repeats (TIR) that flank a cargo/payload nucleic acid 

and a transposase. The transposon system can provide the transposon in cis or in trans with 

the TIR-flanked cargo. A transposon system can be a retrotransposon system or a DNA 
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transposon system. In general, transposon systems integrate a cargo/payload (e.g., an 

engineered nucleic acid) randomly into a host genome. Examples of transposon systems 

include systems using a transposon of the Tc1/mariner transposon superfamily, such as a 

Sleeping Beauty transposon system, described in more detail in Hudecek et al. (Crit Rev 

Biochem Mol Biol. 2017 Aug;52(4):355-380), and U.S. Patent Nos. 6,489,458, 6,613,752 

and 7,985,739, each of which is herein incorporated by reference for all purposes. Another 

example of a transposon system includes a PiggyBac transposon system, described in more 

detail in U.S. Patent Nos. 6,218,185 and 6,962,810, each of which is herein incorporated by 

reference for all purposes. 

[00580] A nuclease genomic editing system can be used to engineer a host genome to 

encode an engineered nucleic acid, such as an engineered nucleic acid of the present 

disclosure. Without wishing to be bound by theory, in general, the nuclease-mediated gene 

editing systems used to introduce an exogenous gene take advantage of a cell’s natural DNA 

repair mechanisms, particularly homologous recombination (HR) repair pathways. Briefly, 

following an insult to genomic DNA (typically a double-stranded break), a cell can resolve 

the insult by using another DNA source that has identical, or substantially identical, 

sequences at both its 5’ and 3’ ends as a template during DNA synthesis to repair the lesion. 

In a natural context, HDR can use the other chromosome present in a cell as a template. In 

gene editing systems, exogenous polynucleotides are introduced into the cell to be used as a 

homologous recombination template (HRT or HR template). In general, any additional 

exogenous sequence not originally found in the chromosome with the lesion that is included 

between the 5’ and 3’ complimentary ends within the HRT (e.g., a gene or a portion of a 

gene) can be incorporated (i.e., “integrated”) into the given genomic locus during templated 

HDR. Thus, a typical HR template for a given genomic locus has a nucleotide sequence 

identical to a first region of an endogenous genomic target locus, a nucleotide sequence 

identical to a second region of the endogenous genomic target locus, and a nucleotide 

sequence encoding a cargo/payload nucleic acid (e.g., any of the engineered nucleic acids 

described herein, such as any of the engineered nucleic acids encoding one or more effector 

molecules). 

[00581] In some examples, a HR template can be linear. Examples of linear HR templates 

include, but are not limited to, a linearized plasmid vector, a ssDNA, a synthesized DNA, and 

a PCR amplified DNA. In particular examples, a HR template can be circular, such as a 

plasmid. A circular template can include a supercoiled template. 
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[00582] The identical, or substantially identical, sequences found at the 5’ and 3’ ends of 

the HR template, with respect to the exogenous sequence to be introduced, are generally 

referred to as arms (HR arms). HR arms can be identical to regions of the endogenous 

genomic target locus (i.e., 100% identical). HR arms in some examples can be substantially 

identical to regions of the endogenous genomic target locus. While substantially identical HR 

arms can be used, it can be advantageous for HR arms to be identical as the efficiency of the 

HDR pathway may be impacted by HR arms having less than 100% identity. 

[00583] Each HR arm, i.e., the 5’ and 3’ HR arms, can be the same size or different sizes. 

Each HR arm can each be greater than or equal to 50, 100, 200, 300, 400, or 500 bases in 

length. Although HR arms can, in general, be of any length, practical considerations, such as 

the impact of HR arm length and overall template size on overall editing efficiency, can also 

be taken into account. An HR arms can be identical, or substantially identical to, regions of 

an endogenous genomic target locus immediately adjacent to a cleavage site. Each HR arms 

can be identical to, or substantially identical to, regions of an endogenous genomic target 

locus immediately adjacent to a cleavage site. Each HR arms can be identical, or substantially 

identical to, regions of an endogenous genomic target locus within a certain distance of a 

cleavage site, such as 1 base-pair, less than or equal to 10 base-pairs, less than or equal to 50 

base-pairs, or less than or equal to 100 base-pairs of each other.  

[00584] A nuclease genomic editing system can use a variety of nucleases to cut a target 

genomic locus, including, but not limited to, a Clustered Regularly Interspaced Short 

Palindromic Repeats (CRISPR) family nuclease or derivative thereof, a Transcription 

activator-like effector nuclease (TALEN) or derivative thereof, a zinc-finger nuclease (ZFN) 

or derivative thereof, and a homing endonuclease (HE) or derivative thereof. 

[00585] A CRISPR-mediated gene editing system can be used to engineer a host genome 

to encode an engineered nucleic acid, such as an engineered nucleic acid encoding one or 

more of the effector molecules described herein. CRISPR systems are described in more 

detail in M. Adli (“The CRISPR tool kit for genome editing and beyond” Nature 

Communications; volume 9 (2018), Article number: 1911), herein incorporated by reference 

for all that it teaches. In general, a CRISPR-mediated gene editing system comprises a 

CRISPR-associated (Cas) nuclease and a RNA(s) that directs cleavage to a particular target 

sequence. An exemplary CRISPR-mediated gene editing system is the CRISPR/Cas9 systems 

comprised of a Cas9 nuclease and a RNA(s) that has a CRISPR RNA (crRNA) domain and a 

trans-activating CRISPR (tracrRNA) domain. The crRNA typically has two RNA domains: a 

guide RNA sequence (gRNA) that directs specificity through base-pair hybridization to a 
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target sequence (“a defined nucleotide sequence”), e.g., a genomic sequence; and an RNA 

domain that hybridizes to a tracrRNA. A tracrRNA can interact with and thereby promote 

recruitment of a nuclease (e.g., Cas9) to a genomic locus. The crRNA and tracrRNA 

polynucleotides can be separate polynucleotides. The crRNA and tracrRNA polynucleotides 

can be a single polynucleotide, also referred to as a single guide RNA (sgRNA). While the 

Cas9 system is illustrated here, other CRISPR systems can be used, such as the Cpf1 system. 

Nucleases can include derivatives thereof, such as Cas9 functional mutants, e.g., a Cas9 

“nickase” mutant that in general mediates cleavage of only a single strand of a defined 

nucleotide sequence as opposed to a complete double-stranded break typically produced by 

Cas9 enzymes. 

[00586] In general, the components of a CRISPR system interact with each other to form a 

Ribonucleoprotein (RNP) complex to mediate sequence specific cleavage. In some CRISPR 

systems, each component can be separately produced and used to form the RNP complex. In 

some CRISPR systems, each component can be separately produced in vitro and contacted 

(i.e., “complexed”) with each other in vitro to form the RNP complex. The in vitro produced 

RNP can then be introduced (i.e., “delivered”) into a cell’s cytosol and/or nucleus, e.g., a T 

cell’s cytosol and/or nucleus. The in vitro produced RNP complexes can be delivered to a cell 

by a variety of means including, but not limited to, electroporation, lipid-mediated 

transfection, cell membrane deformation by physical means, lipid nanoparticles (LNP), virus 

like particles (VLP), and sonication. In a particular example, in vitro produced RNP 

complexes can be delivered to a cell using a Nucleofactor/Nucleofection® electroporation-

based delivery system (Lonza®). Other electroporation systems include, but are not limited 

to, MaxCyte electroporation systems, Miltenyi CliniMACS electroporation systems, Neon 

electroporation systems, and BTX electroporation systems. CRISPR nucleases, e.g., Cas9, 

can be produced in vitro (i.e., synthesized and purified) using a variety of protein production 

techniques known to those skilled in the art. CRISPR system RNAs, e.g., an sgRNA, can be 

produced in vitro (i.e., synthesized and purified) using a variety of RNA production 

techniques known to those skilled in the art, such as in vitro transcription or chemical 

synthesis. 

[00587] An in vitro produced RNP complex can be complexed at different ratios of 

nuclease to gRNA. An in vitro produced RNP complex can be also be used at different 

amounts in a CRISPR-mediated editing system. For example, depending on the number of 

cells desired to be edited, the total RNP amount added can be adjusted, such as a reduction in 

the amount of RNP complex added when editing a large number of cells in a reaction. 
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[00588] In some CRISPR systems, each component (e.g., Cas9 and an sgRNA) can be 

separately encoded by a polynucleotide with each polynucleotide introduced into a cell 

together or separately. In some CRISPR systems, each component can be encoded by a single 

polynucleotide (i.e., a multi-promoter or multicistronic vector, see description of exemplary 

multicistronic systems below) and introduced into a cell. Following expression of each 

polynucleotide encoded CRISPR component within a cell (e.g., translation of a nuclease and 

transcription of CRISPR RNAs), an RNP complex can form within the cell and can then 

direct site-specific cleavage. 

[00589] Some RNPs can be engineered to have moieties that promote delivery of the RNP 

into the nucleus. For example, a Cas9 nuclease can have a nuclear localization signal (NLS) 

domain such that if a Cas9 RNP complex is delivered into a cell’s cytosol or following 

translation of Cas9 and subsequent RNP formation, the NLS can promote further trafficking 

of a Cas9 RNP into the nucleus. 

[00590] The engineered cells described herein can be engineered using non-viral methods, 

e.g., the nuclease and/or CRISPR mediated gene editing systems described herein can be 

delivered to a cell using non-viral methods. The engineered cells described herein can be 

engineered using viral methods, e.g., the nuclease and/or CRISPR mediated gene editing 

systems described herein can be delivered to a cell using viral methods such as adenoviral, 

retroviral, lentiviral, or any of the other viral-based delivery methods described herein.  

[00591] In some CRISPR systems, more than one CRISPR composition can be provided 

such that each separately target the same gene or general genomic locus at more than target 

nucleotide sequence. For example, two separate CRISPR compositions can be provided to 

direct cleavage at two different target nucleotide sequences within a certain distance of each 

other. In some CRISPR systems, more than one CRISPR composition can be provided such 

that each separately target opposite strands of the same gene or general genomic locus. For 

example, two separate CRISPR “nickase” compositions can be provided to direct cleavage at 

the same gene or general genomic locus at opposite strands. 

[00592] In general, the features of a CRISPR-mediated editing system described herein 

can apply to other nuclease-based genomic editing systems. TALEN is an engineered site-

specific nuclease, which is composed of the DNA- binding domain of TALE (transcription 

activator-like effectors) and the catalytic domain of restriction endonuclease Fokl. By 

changing the amino acids present in the highly variable residue region of the monomers of 

the DNA binding domain, different artificial TALENs can be created to target various 

nucleotides sequences. The DNA binding domain subsequently directs the nuclease to the 
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target sequences and creates a double-stranded break. TALEN-based systems are described in 

more detail in U.S. Ser. No. 12/965,590; U.S. Pat. No. 8,450,471; U.S. Pat. No. 8,440,431; 

U.S. Pat. No. 8,440,432; U.S. Pat. No. 10,172,880; and U.S. Ser. No. 13/738,381, all of 

which are incorporated by reference herein in their entirety. ZFN-based editing systems are 

described in more detail in U.S. Patent Nos. 6,453,242; 6,534,261; 6,599,692; 6,503,717; 

6,689,558; 7,030,215; 6,794,136; 7,067,317; 7,262,054; 7,070,934; 7,361,635; 7,253,273; 

and U.S. Patent Publication Nos. 2005/0064474; 2007/0218528; 2005/0267061, all 

incorporated herein by reference in their entireties for all purposes. 

Other Engineering Delivery Systems 

[00593] Various additional means to introduce engineered nucleic acids (e.g., any of the 

engineered nucleic acids described herein) into a cell or other target recipient entity, such as 

any of the lipid structures described herein. 

[00594] Electroporation can used to deliver polynucleotides to recipient entities. 

Electroporation is a method of internalizing a cargo/payload into a target cell or entity’s 

interior compartment through applying an electrical field to transiently permeabilize the outer 

membrane or shell of the target cell or entity. In general, the method involves placing cells or 

target entities between two electrodes in a solution containing a cargo of interest (e.g., any of 

the engineered nucleic acids described herein). The lipid membrane of the cells is then 

disrupted, i.e., permeabilized, by applying a transient set voltage that allows the cargo to 

enter the interior of the entity, such as the cytoplasm of the cell. In the example of cells, at 

least some, if not a majority, of the cells remain viable. Cells and other entities can be 

electroporated in vitro, in vivo, or ex vivo. Electroporation conditions (e.g., number of cells, 

concentration of cargo, recovery conditions, voltage, time, capacitance, pulse type, pulse 

length, volume, cuvette length, electroporation solution composition, etc.) vary depending on 

several factors including, but not limited to, the type of cell or other recipient entity, the cargo 

to be delivered, the efficiency of internalization desired, and the viability desired. 

Optimization of such criteria are within the scope of those skilled in the art. A variety devices 

and protocols can be used for electroporation. Examples include, but are not limited to, 

Neon® Transfection System, MaxCyte® Flow Electroporation™, Lonza® Nucleofector™ 

systems, and Bio-Rad® electroporation systems.  

[00595] Other means for introducing engineered nucleic acids (e.g., any of the engineered 

nucleic acids described herein) into a cell or other target recipient entity include, but are not 
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limited to, sonication, gene gun, hydrodynamic injection, and cell membrane deformation by 

physical means. 

[00596] Compositions and methods for delivering engineered mRNAs in vivo, such as 

naked plasmids or mRNA, are described in detail in Kowalski et al. (Mol Ther. 2019 Apr 10; 

27(4): 710–728) and Kaczmarek et al. (Genome Med. 2017; 9: 60.), each herein incorporated 

by reference for all purposes. 

Methods of Use 

[00597] Methods for treatment of diseases are also encompassed by this disclosure. Said 

methods include administering a therapeutically effective amount of an engineered nucleic 

acid, engineered cell, or isolated cell as described above. In some aspects, provided herein are 

methods of treating a subject in need thereof, the method comprising administering a 

therapeutically effective dose of any of the engineered cells, isolated cells, or compositions 

disclosed herein. 

[00598] In some aspects, provided herein are methods of stimulating a cell-mediated 

immune response to a tumor cell in a subject, the method comprising administering to a 

subject having a tumor a therapeutically effective dose of any of the engineered cells, isolated 

cells, or compositions disclosed herein. 

[00599] In some aspects, provided herein are methods of providing an anti-tumor 

immunity in a subject, the method comprising administering to a subject in need thereof a 

therapeutically effective dose of any of the engineered cells, isolated cells, or compositions 

disclosed herein. 

[00600] In some aspects, provided herein are methods of treating a subject having cancer, 

the method comprising administering a therapeutically effective dose of any of the 

engineered cells, isolated cells, or compositions disclosed herein. 

[00601] In some aspects, provided herein are methods of reducing tumor volume in a 

subject, the method comprising administering to a subject having a tumor a composition 

comprising any of the engineered cells, isolated cells, or compositions disclosed herein. 

[00602] In some embodiments, the administering comprises systemic administration. In 

some embodiments, the administering comprises intratumoral administration. In some 

embodiments, the isolated cell is derived from the subject. In some embodiments, the isolated 

cell is allogeneic with reference to the subject. 

[00603] In some embodiments, the method further comprises administering a checkpoint 

inhibitor. the checkpoint inhibitor is selected from: an anti-PD-1 antibody, an anti-PD-L1 
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antibody, an anti-PD-L2 antibody, an anti-CTLA-4 antibody, an anti-LAG-3 antibody, an 

anti-TIM-3 antibody, an anti-TIGIT antibody, an anti-VISTA antibody, an anti-KIR antibody, 

an anti-B7-H3 antibody, an anti-B7-H4 antibody, an anti-HVEM antibody, an anti-BTLA 

antibody, an anti-GAL9 antibody, an anti-A2AR antibody, an anti-phosphatidylserine 

antibody, an anti-CD27 antibody, an anti-TNFa antibody, an anti-TREM1 antibody, and an 

anti-TREM2 antibody. In some embodiments, the method further comprises administering an 

anti-CD40 antibody. 

[00604] In some embodiments, the tumor is selected from: an adenocarcinoma, a bladder 

tumor, a brain tumor, a breast tumor, a cervical tumor, a colorectal tumor, an esophageal 

tumor, a glioma, a kidney tumor, a liver tumor, a lung tumor, a melanoma, a mesothelioma, 

an ovarian tumor, a pancreatic tumor, a gastric tumor, a testicular yolk sac tumor, a prostate 

tumor, a skin tumor, a thyroid tumor, and a uterine tumor. 

[00605] Some methods comprise selecting a subject (or patient population) having a tumor 

(or cancer) and treating that subject with engineered cells or delivery vehicles that modulate 

tumor-mediated immunosuppressive mechanisms.  

[00606] The methods provided herein also include delivering a preparation of engineered 

cells or delivery vehicles. A preparation, in some embodiments, is a substantially pure 

preparation, containing, for example, less than 5% (e.g., less than 4%, 3%, 2%, or 1%) of 

cells other than engineered cells. A preparation may comprise 1x105 cells/kg to 1x107 

cells/kg cells. 

[00607] The methods provided herein also include administering a drug or pharmaceutical 

composition in combination with a therapeutically effective dose of any of the engineered 

cells, isolated cells, or compositions disclosed herein such that the ACP is induced and/or that 

a repressible protease is repressed. For example, tamoxifen or a metabolite thereof (e.g., 4-

hydroxytamoxifen, N-desmethyltamoxifen, tamoxifen-N-oxide, or endoxifen) can be 

administered to induce the ACP. The drug or pharmaceutical can be administered prior to, 

concurrently with, simultaneously with, and/or subsequent to administration of any of the 

engineered cells, isolated cells, or compositions disclosed herein. The drug or pharmaceutical 

can be administered serially. The drug or pharmaceutical can be administered concurrently or 

simultaneously with administration of any of the engineered cells, isolated cells, or 

compositions disclosed herein. The drug or pharmaceutical can be administered at separate 

intervals than (e.g., prior to or subsequent to) administration of any of the engineered cells, 

isolated cells, or compositions disclosed herein. The drug or pharmaceutical can be 

administered both concurrently/simultaneously as well as at separate intervals than any of the 
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engineered cells, isolated cells, or compositions disclosed herein. The drug or pharmaceutical 

composition and the engineered cells, isolated cells, or compositions can be administered via 

different routes, e.g., the drug or pharmaceutical composition can be administered orally and 

the engineered cells, isolated cells, or compositions can be administered intraperitoneally, 

intravenously, subcutaneously, or any other route appropriate for administration, as will be 

appreciated by one skilled in the art. 

[00608] The specific dose level and frequency of dosage for any particular patient may be 

varied and will depend upon a variety of factors including the activity of the specific 

compound employed, the metabolic stability and length of action of that compound, the age, 

body weight, general health, sex, diet, mode and time of administration, rate of excretion, 

drug combination, the severity of the particular condition, and the host undergoing therapy. 

[00609] The methods provided herein include administering a protease inhibitor. In some 

embodiments, the NS3 protease can be repressed by a protease inhibitor. Any suitable 

protease inhibitor can be used, including, but not limited to, simeprevir, danoprevir, 

asunaprevir, ciluprevir, boceprevir, sovaprevir, paritaprevir, telaprevir, grazoprevir, 

glecaprevir, and voxiloprevir, or any combination thereof. In some embodiments, the 

protease inhibitor is selected from: simeprevir, danoprevir, asunaprevir, ciluprevir, 

boceprevir, sovaprevir, paritaprevir, telaprevir, grazoprevir, glecaprevir, and voxiloprevir. 

[00610] In some embodiments, the protease inhibitor is grazoprevir. In some 

embodiments, the protease inhibitor is a combination of grazoprevir and elbasvir (a NS5A 

inhibitor of the hepatitis C virus NS5A replication complex). Grazoprevir and elbasvir can be 

co-formulated as a pharmaceutical composition, such as in tablet form (e.g., the tablet 

available under the tradename Zepatier®). Grazoprevir and elbasvir can be co-formulated at a 

2:1 weight ratio, respectively, such as at a unit dose of 100 mg grazoprevir 50 mg elbasvir 

(e.g., as in the tablet available under the tradename Zepatier®). The protease inhibitor can be 

administered at a dose capable of repressing a repressible protease domain of an ACP. The 

protease inhibitor can be administered at an approved dose for another indication. As an 

illustrative non-limiting example, Zepatier can be administered at its approved dose for 

treatment of HCV.  

[00611] Grazoprevir, including in combination with elbasvir, can be administered orally in 

a dosage range of 0.001 to 1000 mg/kg of mammal (e.g., human) body weight per day in a 

single dose or in divided doses. One dosage range is 0.01 to 500 mg/kg body weight per day 

orally in a single dose or in divided doses. Another dosage range is 0.1 to 100 mg/kg body 

weight per day orally in single or divided doses. For oral administration, grazoprevir, 



122 

 

including in combination with elbasvir, can be provided in the form of tablets or capsules 

containing 1.0 to 500 mg of the active ingredient, particularly 1, 5, 10, 15, 20, 25, 50, 75, 

100, 150, 200, 250, 300, 400, 500, and 750 mg of the active ingredient for the symptomatic 

adjustment of the dosage to the patient to be treated. Generally, a total daily dosage of 

grazoprevir, including in combination with elbasvir, can range from about 1 to about 2500 

mg per day, although variations will necessarily occur depending on the target of therapy, the 

patient and the route of administration. In one embodiment, the dosage of grazoprevir, 

including in combination with elbasvir, is from about 10 to about 1000 mg/day, administered 

in a single dose or in 2-4 divided doses. In another embodiment, the dosage of grazoprevir, 

including in combination with elbasvir, is from about 1 to about 500 mg/day, administered in 

a single dose or in 2-4 divided doses. In still another embodiment, the dosage of grazoprevir, 

including in combination with elbasvir, is from about 1 to about 100 mg/day, administered in 

a single dose or in 2-4 divided doses. In yet another embodiment, the dosage of grazoprevir, 

including in combination with elbasvir, is from about 1 to about 50 mg/day, administered in a 

single dose or in 2-4 divided doses. In another embodiment, the dosage of grazoprevir, 

including in combination with elbasvir, is from about 500 to about 1500 mg/day, 

administered in a single dose or in 2-4 divided doses. In still another embodiment, the dosage 

of grazoprevir, including in combination with elbasvir, is from about 500 to about 1000 

mg/day, administered in a single dose or in 2-4 divided doses. In yet another embodiment, the 

dosage of grazoprevir, including in combination with elbasvir, is from about 100 to about 500 

mg/day, administered in a single dose or in 2-4 divided doses. 

In vivo Expression 

[00612]  The methods provided herein also include delivering a composition in vivo 

capable of producing the engineered cells described herein, e.g., capable of delivering any of 

the engineered nucleic acids described herein to a cell in vivo. Such compositions include any 

of the viral-mediated delivery platforms, any of the lipid structure delivery systems, any of 

the nanoparticle delivery systems, any of the genomic editing systems, or any of the other 

engineering delivery systems described herein capable of engineering a cell in vivo. 

[00613]  The methods provided herein also include delivering a composition in vivo 

capable of producing any of the effector molecules described herein. The methods provided 

herein also include delivering a composition in vivo capable of producing two or more of the 

effector molecules described herein. Compositions capable of in vivo production of effector 

molecules include, but are not limited to, any of the engineered nucleic acids described 
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herein. Compositions capable of in vivo production of effector molecules can be a naked 

mRNA or a naked plasmid. 

Pharmaceutical Compositions 

[00614] The engineered nucleic acid or engineered cell can be formulated in 

pharmaceutical compositions. These compositions can comprise, in addition to one or more 

of the engineered nucleic acids or engineered cells, a pharmaceutically acceptable excipient, 

carrier, buffer, stabilizer 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.  

[00615] Pharmaceutical compositions for oral administration can be in tablet, capsule, 

powder or liquid form. A tablet can include a solid carrier such as gelatin or an adjuvant. 

Liquid pharmaceutical compositions generally include a liquid carrier such as water, 

petroleum, animal or vegetable oils, mineral oil or synthetic oil. Physiological saline solution, 

dextrose or other saccharide solution or glycols such as ethylene glycol, propylene glycol or 

polyethylene glycol can be included.  

[00616] For intravenous, cutaneous or subcutaneous injection, or injection at the site of 

affliction, the active ingredient will be in the form of a parenterally acceptable aqueous 

solution which is pyrogen-free and has suitable pH, isotonicity and stability. Those of 

relevant skill in the art are well able to prepare suitable solutions using, for example, isotonic 

vehicles such as Sodium Chloride Injection, Ringer's Injection, Lactated Ringer's Injection. 

Preservatives, stabilizers, buffers, antioxidants and/or other additives can be included, as 

required.  

[00617] Whether it is a polypeptide, nucleic acid, small molecule or other 

pharmaceutically useful compound according to the present disclosure that is to be given to 

an individual, administration is preferably in a “therapeutically effective amount” or 

“prophylactically effective amount”(as the case can be, although prophylaxis can be 

considered therapy), this being sufficient to show benefit to the individual. The actual amount 

administered, and rate and time-course of administration, will depend on the nature and 

severity of protein aggregation disease being treated. Prescription of treatment, e.g. decisions 

on dosage etc., is within the responsibility of general practitioners and other medical doctors, 

and typically takes account of the disorder to be treated, the condition of the individual 
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patient, the site of delivery, the method of administration and other factors known to 

practitioners. Examples of the techniques and protocols mentioned above can be found in 

Remington's Pharmaceutical Sciences, 16th edition, Osol, A. (ed), 1980.  

[00618] A composition can be administered alone or in combination with other treatments, 

either simultaneously or sequentially dependent upon the condition to be treated. 

Additional Embodiments 

[00619] Provided below are enumerated embodiments describing specific embodiments of the 

invention:  

Embodiment 1: An engineered nucleic acid comprising:  

a) a first expression cassette comprising a first promoter and a first exogenous polynucleotide 

sequence encoding an activation-conditional control polypeptide (ACP), 

wherein the first promoter is operably linked to the first exogenous polynucleotide; and 

b) a second expression cassette comprising an ACP-responsive promoter and a second 

exogenous polynucleotide sequence having the formula: 

(L – E)X  

wherein 

E comprises a polynucleotide sequence encoding an effector molecule,  

L comprises a linker polynucleotide sequence, 

X = 1 to 20, 

wherein the ACP-responsive promoter is operably linked to the second exogenous polynucleotide, 

wherein for the first iteration of the (L – E) unit, L is absent, and  

wherein the ACP is capable of inducing expression of the second expression cassette by binding to the 

ACP-responsive promoter.   

Embodiment 2: The engineered nucleic acid of embodiment 1, wherein when the second 

expression cassette comprises two or more units of (L – E)X, each linker polynucleotide sequence is 

operably associated with the translation of each effector molecule as a separate polypeptide. 

Embodiment 3: The engineered nucleic acid of embodiment 1 or embodiment 2, wherein the 

linker polynucleotide sequence encodes a 2A ribosome skipping tag. 

Embodiment 4: The engineered nucleic acid of embodiment 3, wherein the 2A ribosome 

skipping tag is selected from the group consisting of: P2A, T2A, E2A, and F2A. 

Embodiment 5: The engineered nucleic acid of any one of embodiments 1-2, the linker 

polynucleotide sequence encodes an Internal Ribosome Entry Site (IRES). 

Embodiment 6: The engineered nucleic acid of any one of embodiments 1-5, wherein the 

linker polynucleotide sequence encodes a cleavable polypeptide. 
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Embodiment 7: The engineered nucleic acid of embodiment 6, wherein the cleavable 

polypeptide comprises a furin polypeptide sequence. 

Embodiment 8: The engineered nucleic acid of any one of embodiments 1-7, wherein the 

second expression cassette comprising one or more units of (L – E)X further comprises a 

polynucleotide sequence encoding a secretion signal peptide for each X. 

Embodiment 9: The engineered nucleic acid of embodiment 8, wherein for each X the 

corresponding secretion signal peptide is operably associated with the effector molecule. 

Embodiment 10: The engineered nucleic acid of embodiment 8 or embodiment 9, wherein 

each secretion signal peptide comprises a native secretion signal peptide native to the corresponding 

effector molecule. 

Embodiment 11: The engineered nucleic acid of any one of embodiments 8-10, wherein each 

secretion signal peptide comprises a non-native secretion signal peptide that is non-native to the 

corresponding effector molecule. 

Embodiment 12: The engineered nucleic acid of embodiment 11, wherein the non-native 

secretion signal peptide is a secretion signal peptide of a molecule selected from the group consisting 

of: IL12, IL2, optimized IL2, trypsiongen-2, Gaussia luciferase, CD5, CD8, human IgKVII, murine 

IgKVII, VSV-G, prolactin, serum albumin preprotein, azurocidin preprotein, osteonectin, CD33, IL6, 

IL8, CCL2, TIMP2, VEGFB, osteoprotegerin, serpin E1, GROalpha, GM-CSFR, GM-CSF, and 

CXCL12. 

Embodiment 13: The engineered nucleic acid of any one of embodiments 1-12, wherein the 

ACP-responsive promoter comprises an ACP-binding domain sequence and a promoter sequence. 

Embodiment 14: The engineered nucleic acid of embodiment 13, wherein the promoter 

sequence is derived from a promoter selected from the group consisting of: minP, NFkB response 

element, CREB response element, NFAT response element, SRF response element 1, SRF response 

element 2, AP1 response element, TCF-LEF response element promoter fusion, Hypoxia responsive 

element, SMAD binding element, STAT3 binding site, minCMV, YB_TATA, minTK, inducer 

molecule responsive promoters, and tandem repeats thereof. 

Embodiment 15: The engineered nucleic acid of any one of embodiments 1-14, wherein the 

ACP-responsive promoter comprises a synthetic promoter. 

Embodiment 16: The engineered nucleic acid of any one of embodiments 1-15, wherein the 

ACP-responsive promoter comprises a minimal promoter. 

Embodiment 17: The engineered nucleic acid of any one of embodiments 12-16, wherein the 

ACP-binding domain comprises one or more zinc finger binding sites. 

Embodiment 18: The engineered nucleic acid of any one of embodiments 1-17, wherein the 

first promoter comprises a constitutive promoter, an inducible promoter, or a synthetic promoter. 
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Embodiment 19: The engineered nucleic acid of embodiment 18, wherein the constitutive 

promoter is selected from the group consisting of: CMV, EFS, SFFV, SV40, MND, PGK, UbC, 

hEF1aV1, hCAGG, hEF1aV2, hACTb, heIF4A1, hGAPDH, hGRP78, hGRP94, hHSP70, hKINb, and 

hUBIb. 

Embodiment 20: The engineered nucleic acid of any one of embodiments 1-19, wherein each 

effector molecule is independently selected from a therapeutic class, wherein the therapeutic class is 

selected from the group consisting of: a cytokine, a chemokine, a homing molecule, a growth factor, a 

co-activation molecule, a tumor microenvironment modifier a, a receptor, a ligand, an antibody, a 

polynucleotide, a peptide, and an enzyme. 

Embodiment 21: The engineered nucleic acid of embodiment 20, wherein the cytokine is 

selected from the group consisting of: IL1-beta, IL2, IL4, IL6, IL7, IL10, IL12, an IL12p70 fusion 

protein, IL15, IL17A, IL18, IL21, IL22, Type I interferons, Interferon-gamma, and TNF-alpha. 

Embodiment 22: The engineered nucleic acid of embodiment 20, wherein the chemokine is 

selected from the group consisting of: CCL21a, CXCL10, CXCL11, CXCL13, a CXCL10-CXCL11 

fusion protein, CCL19, CXCL9, and XCL1. 

Embodiment 23: The engineered nucleic acid of embodiment 20, wherein the homing 

molecule is selected from the group consisting of: anti-integrin alpha4,beta7; anti-MAdCAM; CCR9; 

CXCR4; SDFl; MMP-2; CXCR1; CXCR7; CCR2; CCR4; and GPR15. 

Embodiment 24: The engineered nucleic acid of embodiment 20, wherein the growth factor is 

selected from the group consisting of: FLT3L and GM-CSF. 

Embodiment 25: The engineered nucleic acid of embodiment 20, wherein the co-activation 

molecule is selected from the group consisting of: c-Jun, 4-1BBL and CD40L. 

Embodiment 26: The engineered nucleic acid of embodiment 20, wherein the tumor 

microenvironment modifier is selected from the group consisting of: adenosine deaminase, TGFbeta 

inhibitors, immune checkpoint inhibitors, VEGF inhibitors, and HPGE2. 

Embodiment 27: The engineered nucleic acid of embodiment 26, wherein the TGFbeta 

inhibitors are selected from the group consisting of: an anti-TGFbeta peptide, an anti-TGFbeta 

antibody, a TGFb-TRAP, and combinations thereof. 

Embodiment 28: The engineered nucleic acid of embodiment 26, wherein the immune 

checkpoint inhibitors are selected from the group consisting of: anti-PD-1 antibodies, anti-PD-L1 

antibodies, anti-PD-L2 antibodies, anti-CTLA-4 antibodies, anti-LAG-3 antibodies, anti-TIM-3 

antibodies, anti-TIGIT antibodies, anti-VISTA antibodies, anti-KIR antibodies, anti-B7-H3 

antibodies, anti-B7-H4 antibodies, anti-HVEM antibodies, anti-BTLA antibodies, anti-GAL9 

antibodies, anti-A2AR antibodies, anti-phosphatidylserine antibodies, anti-CD27 antibodies, anti-

TNFa antibodies, anti-TREMl antibodies, and anti-TREM2 antibodies. 
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Embodiment 29: The engineered nucleic acid of embodiment 26, wherein the VEGF inhibitors 

comprise anti-VEGF antibodies, anti-VEGF peptides, or combinations thereof. 

Embodiment 30: The engineered nucleic acid of any one of embodiments 1-29, wherein each 

effector molecule is a human-derived effector molecule. 

Embodiment 31: The engineered nucleic acid of any one of embodiments 1-30, wherein the 

first exogenous polynucleotide sequence further encodes an antigen recognizing receptor. 

Embodiment 32: An engineered nucleic acid comprising:  

a) a first expression cassette comprising a first promoter and a first exogenous polynucleotide 

sequence encoding an activation-conditional control polypeptide (ACP) and an antigen recognizing 

receptor, 

wherein the first promoter is operably linked to the first exogenous polynucleotide; and 

b) a second expression cassette comprising an ACP-responsive promoter and a second 

exogenous polynucleotide sequence having the formula: 

(L – E)X  

wherein 

E comprises a polynucleotide sequence encoding an effector molecule,  

L comprises a linker polynucleotide sequence, 

X = 1 to 20, 

wherein the ACP-responsive promoter is operably linked to the second exogenous polynucleotide, 

wherein for the first iteration of the (L – E) unit, L is absent, and  

wherein the ACP is capable of inducing expression of the second expression cassette by binding to the 

ACP-responsive promoter.   

Embodiment 33: An engineered nucleic acid comprising:  

a) a first expression cassette comprising a first promoter and a first exogenous polynucleotide 

sequence encoding an antigen recognizing receptor, 

wherein the first promoter is operably linked to the first exogenous polynucleotide; and 

b) a second expression cassette comprising an activation-conditional control polypeptide-

responsive (ACP-responsive) promoter and a second exogenous polynucleotide sequence having the 

formula: 

(L – E)X  

wherein 

E comprises a polynucleotide sequence encoding an effector molecule,  

L comprises a linker polynucleotide sequence, 

X = 1 to 20, 

wherein the ACP-responsive promoter is operably linked to the second exogenous polynucleotide, 

wherein for the first iteration of the (L – E) unit, L is absent.  
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Embodiment 34: The engineered nucleic acid of embodiment 33, wherein the ACP is capable 

of inducing expression of the second expression cassette by binding to the ACP-responsive promoter. 

Embodiment 35: The engineered nucleic acid of embodiment 33, wherein the ACP is the 

antigen recognizing receptor and the ACP is capable of inducing expression of the second expression 

cassette following binding of the ACP to a cognate antigen. 

Embodiment 36: The engineered nucleic acid of embodiment 35, wherein the ACP-responsive 

promoter is an inducible promoter that is capable of being induced by the ACP binding to the cognate 

antigen. 

Embodiment 37:  The engineered nucleic acid of embodiment 36, wherein the ACP-responsive 

promoter is derived from a promoter region of a gene upregulated following binding of the ACP to the 

cognate antigen. 

Embodiment 38: The engineered nucleic acid of any one of embodiments 32-34, wherein the 

ACP-responsive promoter is selected from the group consisting of a constitutive promoter, an 

inducible promoter, and a synthetic promoter. 

Embodiment 39: The engineered nucleic acid of any one of embodiments 32-38, wherein the 

ACP-responsive promoter comprises a minimal promoter. 

Embodiment 40: The engineered nucleic acid of any one of embodiments 32-39, wherein the 

ACP-binding domain comprises one or more zinc finger binding sites. 

Embodiment 41: The engineered nucleic acid of any one of embodiments 1-30, further 

comprising a linker polynucleotide sequence localized between the first expression cassette and the 

second expression cassette. 

Embodiment 42: The engineered nucleic acid of embodiment 41, wherein the linker 

polynucleotide sequence is operably associated with the translation of the ACP and each effector 

molecule as separate polypeptides. 

Embodiment 43: The engineered nucleic acid of embodiment 31 or embodiment 32, wherein 

the first exogenous polynucleotide sequence further comprises a linker polynucleotide sequence 

localized between the region of the first exogenous polynucleotide sequence encoding the ACP and 

the region of the first exogenous polynucleotide sequence encoding the antigen recognizing receptor. 

Embodiment 44: The engineered nucleic acid of embodiment 43, wherein the linker 

polynucleotide sequence is operably associated with the translation of the ACP and the antigen 

recognizing receptor as separate polypeptides. 

Embodiment 45: The engineered nucleic acid of any one of embodiments 33-36, further 

comprising a linker polynucleotide sequence localized between the first expression cassette and the 

second expression cassette. 
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Embodiment 46: The engineered nucleic acid of embodiment 45, wherein the linker 

polynucleotide sequence is operably associated with the translation of the antigen receptor and each 

effector molecule as separate polypeptides. 

Embodiment 47: The engineered nucleic acid of any one of embodiments 41-46, wherein the 

linker polynucleotide sequence encodes a 2A ribosome skipping tag. 

Embodiment 48: The engineered nucleic acid of embodiment 47, wherein the 2A ribosome 

skipping tag is selected from the group consisting of: P2A, T2A, E2A, and F2A. 

Embodiment 49: The engineered nucleic acid of any one of embodiments 41-46, wherein the 

linker polynucleotide sequence encodes an Internal Ribosome Entry Site (IRES). 

Embodiment 50: The engineered nucleic acid of any one of embodiments 41-49, wherein the 

linker polynucleotide sequence encodes a cleavable polypeptide. 

Embodiment 51: The engineered nucleic acid of embodiment 50, wherein the cleavable 

polypeptide comprises a furin polypeptide sequence. 

Embodiment 52: The engineered nucleic acid of any one of embodiments 31-51, wherein the 

antigen recognizing receptor recognizes an antigen selected from the group consisting of: 5T4, 

ADAM9, AFP, AXL, B7-H3, B7-H4, B7-H6, C4.4, CA6, Cadherin 3, Cadherin 6, CCR4, CD123, 

CD133, CD138, CD142, CD166, CD25, CD30, CD352, CD37, CD38, CD44, CD56, CD66e, CD70, 

CD71, CD74, CD79b, CD80, CEA, CEACAM5, Claudin18.2, cMet, CSPG4, CTLA, DLK1, DLL3, 

DR5, EGFR, ENPP3, EpCAM, EphA2, Ephrin A4, ETBR, FGFR2, FGFR3, FRalpha, FRb, GCC, 

GD2, GFRa4, gpA33, GPC3, gpNBM, GPRC5, HER2, IL-13R, IL-13Ra, IL-13Ra2, IL-8, IL-15, 

IL1RAP, Integrin aV, KIT, L1CAM, LAMP1, Lewis Y, LeY, LIV-1, LRRC, LY6E, MCSP, 

Mesothelin, MUC1, MUC16, MUC1C, NaPi2B, Nectin 4, NKG2D, NOTCH3, NY ESO 1, Ovarin, P-

cadherin, pan-Erb2, PSCA, PSMA, PTK7, ROR1, S Aures, SCT, SLAMF7, SLITRK6, SSTR2, 

STEAP1, Survivin, TDGF1, TIM1, TROP2, and WT1. 

Embodiment 53: The engineered nucleic acid of any one of embodiments 31-52, wherein the 

antigen recognizing receptor recognizes GPC3. 

Embodiment 54: The engineered nucleic acid of any one of embodiments 31-52, wherein the 

antigen recognizing receptor recognizes mesothelin (MSLN). 

Embodiment 55: The engineered nucleic acid of any one of embodiments 31-54, wherein the 

antigen recognizing receptor comprises an antigen-binding domain. 

Embodiment 56: The engineered nucleic acid of embodiment 53 or embodiment 55, wherein 

the antigen-binding domain that binds to GPC3 comprises a heavy chain variable (VH) region and a 

light chain variable (VL) region,  

wherein the VH comprises: 

a heavy chain complementarity determining region 1 (CDR-H1) having the amino acid sequence of 

KNAMN (SEQ ID NO: 119), 
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a heavy chain complementarity determining region 2 (CDR-H2) having the amino acid sequence of 

RIRNKTNNYATYYADSVKA (SEQ ID NO: 120), and 

a heavy chain complementarity determining region 3 (CDR-H3) having the amino acid sequence of 

GNSFAY (SEQ ID NO: 121), and 

wherein the VL comprises: 

a light chain complementarity determining region 1 (CDR-L1) having the amino acid sequence of 

KSSQSLLYSSNQKNYLA (SEQ ID NO: 122), 

a light chain complementarity determining region 2 (CDR-L2) having the amino acid sequence of 

WASSRES (SEQ ID NO: 123), and 

a  light chain complementarity determining region 3 (CDR-L3) having the amino acid sequence of 

QQYYNYPLT (SEQ ID NO: 124). 

Embodiment 57: The engineered nucleic acid of embodiment 56, wherein the VH region 

comprises an amino acid sequence with at least 90 %, at least 91%, at least 92%, at least 93%, at least 

94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identity to the 

amino acid sequence of  

EVQLVETGGGMVQPEGSLKLSCAASGFTFNKNAMNWVRQAPGKGLEWVARIRNKTNNYAT

YYADSVKARFTISRDDSQSMLYLQMNNLKIEDTAMYYCVAGNSFA YWGQGTLVTVSA 

(SEQ ID NO: 125) or 

EVQLVESGGGLVQPGGSLRLSCAASGFTFNKNAMNWVRQAPGKGLEWVGRIRNKTNNYAT

YYADSVKARFTISRDDSKNSLYLQMNSLKTEDTAVYYCVAGNSFAYWGQGTLVTVSA (SEQ 

ID NO: 126). 

Embodiment 58: The engineered nucleic acid of embodiment 56 or embodiment 57, wherein 

the VL region comprises an amino acid sequence with at least 90 %, at least 91%, at least 92%, at 

least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% 

identity to the amino acid sequence of 

DIVMSQSPSSLVVSIGEKVTMTCKSSQSLLYSSNQKNYLAWYQQKPGQSPKLLIYWASSRES

GVPDRFTGSGSGTDFTLTISSVKAEDLAVYYCQQYYNYPLTFGAGTKLELK (SEQ ID NO: 

127), or 

DIVMTQSPDSLAVSLGERATINCKSSQSLLYSSNQKNYLAWYQQKPGQPPKLLIYWASSRES

GVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQYYNYPLTFGQGTKLEIK (SEQ ID NO: 

128). 

Embodiment 59: The engineered nucleic acid of embodiment 54 or embodiment 55, wherein 

the antigen-binding domain that binds to MSLN comprises the three complementarity determining 

regions (CDRs) of a single-domain monoclonal antibody having the amino acid sequence of: 

QVQLVESGGGTVQAGGSLKLACAASGLPRTYNVMGWFRQAPGKEREGVAIIYTTTGATYYR

DSVKGRATISQDNAKKSVSLQMNSLRPEDTAIYYCVARQPNSGPWEYWGQGTQVTVSS 
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(SEQ ID NO: 129), or  

QVKLEESGGGSVQAGGSLRLSCTTSGYTNSYKWMGWFRQAPGQEREGVAVIYTGNDRTYY

SDSVKGRFTISRDNAKNMIYLDMTRLRPEDSAVYECAIGHDGAWRYWGQGTQVTVSS (SEQ 

ID NO: 130).   

Embodiment 60: The engineered nucleic acid of any one of embodiments 55-59, wherein the 

antigen-binding domain comprises an antibody, an antigen-binding fragment of an antibody, a F(ab) 

fragment, a F(ab') fragment, a single chain variable fragment (scFv), or a single-domain antibody 

(sdAb). 

Embodiment 61: The engineered nucleic acid of any one of embodiments 55-59, wherein the 

antigen-binding domain comprises a single chain variable fragment (scFv). 

Embodiment 62: The engineered nucleic acid of embodiment 61, wherein the scFv comprises a 

heavy chain variable domain (VH) and a light chain variable domain (VL). 

Embodiment 63: The engineered nucleic acid of embodiment 62, wherein the VH and VL are 

separated by a peptide linker. 

Embodiment 64: The engineered nucleic acid of embodiment 63, wherein the scFv comprises 

the structure VH-L-VL or VL-L-VH, wherein VH is the heavy chain variable domain, L is the peptide 

linker, and VL is the light chain variable domain. 

Embodiment 65: The engineered nucleic acid of any one of embodiments 31-64, wherein the 

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

Embodiment 66: The engineered nucleic acid of any one of embodiments 31-65, wherein the 

antigen recognizing receptor is a CAR. 

Embodiment 67: The engineered nucleic acid of embodiment 66, wherein the CAR comprises 

one or more intracellular signaling domains, and each of the one or more intracellular signaling 

domains is selected from the group consisting of: a CD3zeta-chain intracellular signaling domain, a 

CD97 intracellular signaling domain, a CD11a-CD18 intracellular signaling domain, a CD2 

intracellular signaling domain, an ICOS intracellular signaling domain, a CD27 intracellular signaling 

domain, a CD154 intracellular signaling domain, a CD8 intracellular signaling domain, an OX40 

intracellular signaling domain, a 4-1BB intracellular signaling domain, a CD28 intracellular signaling 

domain, a ZAP40 intracellular signaling domain, a CD30 intracellular signaling domain, a GITR 

intracellular signaling domain, an HVEM intracellular signaling domain, a DAP10 intracellular 

signaling domain, a DAP12 intracellular signaling domain, a MyD88 intracellular signaling domain, a 

2B4 intracellular signaling domain, a CD16a intracellular signaling domain, a DNAM-1 intracellular 

signaling domain, a KIR2DS1 intracellular signaling domain, a KIR3DS1 intracellular signaling 

domain, a NKp44 intracellular signaling domain, a NKp46 intracellular signaling domain, a FceRlg 

intracellular signaling domain, a NKG2D intracellular signaling domain, and an EAT-2 intracellular 

signaling domain. 
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Embodiment 68: The engineered nucleic acid of embodiment 66 or embodiment 67, wherein 

the CAR comprises a transmembrane domain, and the transmembrane domain is selected from the 

group consisting of: a CD8 transmembrane domain, a CD28 transmembrane domain a CD3zeta-chain 

transmembrane domain, a CD4 transmembrane domain, a 4-1BB transmembrane domain, an OX40 

transmembrane domain, an ICOS transmembrane domain, a CTLA-4 transmembrane domain, a PD-1 

transmembrane domain, a LAG-3 transmembrane domain, a 2B4 transmembrane domain, a BTLA 

transmembrane domain, an OX40 transmembrane domain, a DAP10 transmembrane domain, a 

DAP12 transmembrane domain, a CD16a transmembrane domain, a DNAM-1 transmembrane 

domain, a KIR2DS1 transmembrane domain, a KIR3DS1 transmembrane domain, an NKp44 

transmembrane domain, an NKp46 transmembrane domain, an FceRlg transmembrane domain, and 

an NKG2D transmembrane domain. 

Embodiment 69: The engineered nucleic acid of any one of embodiments 66-68, wherein the 

CAR comprises a spacer region between the antigen-binding domain and the transmembrane domain. 

Embodiment 70: The engineered nucleic acid of any one of embodiments 1-69, wherein the 

ACP is a transcriptional modulator. 

Embodiment 71: The engineered nucleic acid of any one of embodiments 1-70, wherein the 

ACP is a transcriptional repressor. 

Embodiment 72: The engineered nucleic acid of any one of embodiments 1-70, wherein the 

ACP is a transcriptional activator. 

Embodiment 73: The engineered nucleic acid of any one of embodiments 1-72, wherein the 

ACP further comprises a repressible protease and one or more cognate cleavage sites of the 

repressible protease. 

Embodiment 74: The engineered nucleic acid of any one of embodiments 1-73, wherein the 

ACP further comprises a hormone-binding domain of estrogen receptor (ERT2 domain). 

Embodiment 75: The engineered nucleic acid of any one of embodiments 72-74, wherein the 

ACP is a transcription factor. 

Embodiment 76: The engineered nucleic acid of embodiment 74, wherein the transcription 

factor is a zinc-finger-containing transcription factor. 

Embodiment 77: The engineered nucleic acid of any one of embodiments 1-76, wherein the 

ACP comprises a DNA-binding zinc finger protein domain (ZF protein domain) and a transcriptional 

effector domain. 

Embodiment 78: The engineered nucleic acid of embodiment 77, wherein the ZF protein 

domain is modular in design and is composed of zinc finger arrays (ZFA). 

Embodiment 79: The engineered nucleic acid of embodiment 78, wherein the ZF protein 

domain comprises one to ten ZFA. 
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Embodiment 80: The engineered nucleic acid of any one of embodiments 77-79, wherein the 

effector domain is selected from the group consisting of: a Herpes Simplex Virus Protein 16 (VP16) 

activation domain; an activation domain comprising four tandem copies of VP16, a VP64 activation 

domain; a p65 activation domain of NFκB; an Epstein-Barr virus R transactivator (Rta) activation 

domain; a tripartite activator comprising the VP64, the p65, and the Rta activation domains (VPR 

activation domain); a histone acetyltransferase (HAT) core domain of the human E1A-associated 

protein p300 (p300 HAT core activation domain); a Krüppel associated box (KRAB) repression 

domain; a truncated Krüppel associated box (KRAB) repression domain; a Repressor Element 

Silencing Transcription Factor (REST) repression domain; a WRPW motif (SEQ ID NO: 162) of the 

hairy-related basic helix-loop-helix repressor proteins, the motif is known as a WRPW repression 

domain ("WRPW" disclosed as SEQ ID NO: 162); a DNA (cytosine-5)-methyltransferase 3B 

(DNMT3B) repression domain; and an HP1 alpha chromoshadow repression domain. 

Embodiment 81: The engineered nucleic acid of any one of embodiments 77-80, wherein the 

one or more cognate cleavage sites of the repressible protease are localized between the ZF protein 

domain and the effector domain.  

Embodiment 82: The engineered nucleic acid of any one of embodiments 73-81, wherein the 

repressible protease is hepatitis C virus (HCV) nonstructural protein 3 (NS3). 

Embodiment 83: The engineered nucleic acid of embodiment 82, wherein the cognate cleavage 

site comprises an NS3 protease cleavage site. 

Embodiment 84: The engineered nucleic acid of embodiment 83, wherein the NS3 protease 

cleavage site comprises a NS3/NS4A, a NS4A/NS4B, a NS4B/NS5A, or a NS5A/NS5B junction 

cleavage site. 

Embodiment 85: The engineered nucleic acid of any one of embodiments 82-84, wherein the 

NS3 protease can be repressed by a protease inhibitor. 

Embodiment 86: The engineered nucleic acid of embodiment 85, wherein the protease 

inhibitor is selected from the group consisting of: simeprevir, danoprevir, asunaprevir, ciluprevir, 

boceprevir, sovaprevir, paritaprevir, telaprevir, grazoprevir, glecaprevir, and voxiloprevir. 

Embodiment 87: The engineered nucleic acid of embodiment 85, wherein the protease 

inhibitor is grazoprevir. 

Embodiment 88: The engineered nucleic acid of embodiment 85, wherein the protease 

inhibitor comprises grazoprevir and elbasvir. 

Embodiment 89: The engineered nucleic acid of embodiment 88, wherein the grazoprevir and 

the elbasvir is co-formulated in a pharmaceutical composition. 

Embodiment 90: The engineered nucleic acid of embodiment 89, wherein the pharmaceutical 

composition is a tablet. 
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Embodiment 91: The engineered nucleic acid of embodiment 89 or 90, wherein the 

grazoprevir and the elbasvir are at a 2 to 1 weight ratio. 

Embodiment 92: The engineered nucleic acid of embodiment 91, wherein the grazoprevir is 

100 mg per unit dose and the elbasvir is 50 mg per unit dose. 

Embodiment 93: The engineered nucleic acid of any one of embodiments 74-92, wherein the 

ACP is capable of undergoing nuclear localization upon binding of the ERT2 domain to tamoxifen or 

a metabolite thereof. 

Embodiment 94: The engineered nucleic acid of embodiment 93, wherein the tamoxifen 

metabolite is selected from the group consisting of: 4-hydroxytamoxifen, N-desmethyltamoxifen, 

tamoxifen-N-oxide, and endoxifen. 

Embodiment 95: The engineered nucleic acid of any one of embodiments 1-92, wherein the 

ACP further comprises a degron, and wherein the degron is operably linked to the ACP. 

Embodiment 96: The engineered nucleic acid of embodiment 95, wherein the degron is 

selected from the group consisting of HCV NS4 degron, PEST (two copies of residues 277-307 of 

human IκBα), GRR (residues 352-408 of human p105), DRR (residues 210-295 of yeast Cdc34), SNS 

(tandem repeat of SP2 and NB (SP2-NB-SP2 of influenza A or influenza B), RPB (four copies of 

residues 1688-1702 of yeast RPB), SPmix (tandem repeat of SP1 and SP2 (SP2-SP1-SP2-SP1-SP2 of 

influenza A virus M2 protein), NS2 (three copies of residues 79-93 of influenza A virus NS protein), 

ODC (residues 106-142 of ornithine decarboxylase), Nek2A, mouse ODC (residues 422–461), mouse 

ODC_DA (residues 422-461 of mODC including D433A and D434A point mutations), an APC/C 

degron, a COP1 E3 ligase binding degron motif, a CRL4-Cdt2 binding PIP degron, an actinfilin-

binding degron, a KEAP1 binding degron, a KLHL2 and KLHL3 binding degron, an MDM2 binding 

motif, an N-degron, a hydroxyproline modification in hypoxia signaling, a phytohormone-dependent 

SCF-LRR-binding degron, an SCF ubiquitin ligase binding phosphodegron, a phytohormone-

dependent SCF-LRR-binding degron, a DSGxxS phospho-dependent degron (SEQ ID NO: 163), an 

Siah binding motif, an SPOP SBC docking motif, and a PCNA binding PIP box. 

Embodiment 97: The engineered nucleic acid of embodiment 93, wherein the degron 

comprises a cereblon (CRBN) polypeptide substrate domain capable of binding CRBN in response to 

an immunomodulatory drug (IMiD) thereby promoting ubiquitin pathway-mediated degradation of 

the ACP. 

Embodiment 98: The engineered nucleic acid of embodiment 97, wherein the CRBN 

polypeptide substrate domain is selected from the group consisting of: IKZF1, IKZF3, CKla, ZFP91, 

GSPT1, MEIS2, GSS E4F1, ZN276, ZN517, ZN582, ZN653, ZN654, ZN692, ZN787, and ZN827, or 

a fragment thereof that is capable of drug-inducible binding of CRBN. 

Embodiment 99: The engineered nucleic acid of embodiment 97, wherein the CRBN 

polypeptide substrate domain is a chimeric fusion product of native CRBN polypeptide sequences. 
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Embodiment 100:  The engineered nucleic acid of embodiment 97, wherein the CRBN 

polypeptide substrate domain is a IKZF3/ZFP91/IKZF3 chimeric fusion product having the amino 

acid sequence of 

FNVLMVHKRSHTGERPLQCEICGFTCRQKGNLLRHIKLHTGEKPFKCHLCNYACQRRDAL 

(SEQ ID NO: 131). 

Embodiment 101: The engineered nucleic acid of any one of embodiments 97-100, wherein the 

IMiD is an FDA-approved drug. 

Embodiment 102: The engineered nucleic acid of any one of embodiments 97-101, wherein the 

IMiD is selected from the group consisting of: thalidomide, lenalidomide, and pomalidomide. 

Embodiment 103: The engineered nucleic acid of any one of embodiments 93-102, wherein the 

degron is localized 5’ of the repressible protease, 3’ of the repressible protease, 5’ of the ZF protein 

domain, 3’ of the ZF protein domain, 5’ of the effector domain, or 3’ of the effector domain. 

Embodiment 104: The engineered nucleic acid of any one of embodiments 1-103, wherein the 

engineered nucleic acid further comprises an insulator. 

Embodiment 105: The engineered nucleic acid of embodiment 104, wherein the insulator is 

localized between the first expression cassette and the second expression cassette. 

Embodiment 106: The engineered nucleic acid of any one of embodiments 1-105, wherein the 

first expression cassette is localized in the same orientation relative to the second expression cassette. 

Embodiment 107: The engineered nucleic acid of any one of embodiments 1-106, wherein the 

first expression cassette is localized in the opposite orientation relative to the second expression 

cassette. 

Embodiment 108: The engineered nucleic acid of any one of embodiments 1-107, wherein the 

engineered nucleic acid is selected from the group consisting of: a DNA, a cDNA, an RNA, an 

mRNA, and a naked plasmid. 

Embodiment 109: An expression vector comprising the engineered nucleic acid of any one of 

embodiments 1-108. 

Embodiment 110: A composition comprising the engineered nucleic acid of any one of 

embodiments 1-108, and a pharmaceutically acceptable carrier. 

Embodiment 111: An isolated cell comprising the engineered nucleic acid of any one of 

embodiments 1-108 or the vector of embodiment 109. 

Embodiment 112: The isolated cell of embodiment 111, wherein the engineered nucleic acid is 

recombinantly expressed. 

Embodiment 113: The isolated cell of embodiment 111 or embodiment 112, wherein the 

engineered nucleic acid is expressed from a vector or a selected locus from the genome of the cell. 

Embodiment 114: The isolated cell of any one of embodiments 111-113, wherein the cell is 

selected from the group consisting of: a T cell, a CD8+ T cell, a CD4+ T cell, a gamma-delta T cell, a 
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cytotoxic T lymphocyte (CTL), a regulatory T cell, a viral-specific T cell, a Natural Killer T (NKT) 

cell, a Natural Killer (NK) cell, a B cell, a tumor-infiltrating lymphocyte (TIL), an innate lymphoid 

cell, a mast cell, an eosinophil, a basophil, a neutrophil, a myeloid cell, a macrophage, a monocyte, a 

dendritic cell, an erythrocyte, a platelet cell, a human embryonic stem cell (ESC), an ESC-derived 

cell, a pluripotent stem cell, a mesenchymal stromal cell (MSC), an induced pluripotent stem cell 

(iPSC), and an iPSC-derived cell. 

Embodiment 115: The isolated cell of any one of embodiments 111-114, wherein the cell is a 

Natural Killer (NK) cell. 

Embodiment 116: The isolated cell of any one of embodiments 111-115, wherein the cell is 

autologous. 

Embodiment 117: The isolated cell of any one of embodiments 111-115, wherein the cell is 

allogeneic. 

Embodiment 118: The isolated cell of any one of embodiments 111-113, wherein the cell is a 

tumor cell selected from the group consisting of: an adenocarcinoma cell, a bladder tumor cell, a brain 

tumor cell, a breast tumor cell, a cervical tumor cell, a colorectal tumor cell, an esophageal tumor cell, 

a glioma cell, a kidney tumor cell, a liver tumor cell, a lung tumor cell, a melanoma cell, a 

mesothelioma cell, an ovarian tumor cell, a pancreatic tumor cell, a gastric tumor cell, a testicular 

yolk sac tumor cell, a prostate tumor cell, a skin tumor cell, a thyroid tumor cell, and a uterine tumor 

cell. 

Embodiment 119: The isolated cell of embodiment 118, wherein the cell was engineered via 

transduction with an oncolytic virus. 

Embodiment 120: The isolated cell of embodiment 119, wherein the oncolytic virus is selected 

from the group consisting of: an oncolytic herpes simplex virus, an oncolytic adenovirus, an oncolytic 

measles virus, an oncolytic influenza virus, an oncolytic Indiana vesiculovirus, an oncolytic 

Newcastle disease virus, an oncolytic vaccinia virus, an oncolytic poliovirus, an oncolytic myxoma 

virus, an oncolytic reovirus, an oncolytic mumps virus, an oncolytic Maraba virus, an oncolytic rabies 

virus, an oncolytic rotavirus, an oncolytic hepatitis virus, an oncolytic rubella virus, an oncolytic 

dengue virus, an oncolytic chikungunya virus, an oncolytic respiratory syncytial virus, an oncolytic 

lymphocytic choriomeningitis virus, an oncolytic morbillivirus, an oncolytic lentivirus, an oncolytic 

replicating retrovirus, an oncolytic rhabdovirus, an oncolytic Seneca Valley virus, an oncolytic sindbis 

virus, and any variant or derivative thereof. 

Embodiment 121: The isolated cell of embodiment 119 or embodiment 120 wherein the 

oncolytic virus is a recombinant oncolytic virus comprising the first expression cassette and the 

second expression cassette. 

Embodiment 122: The isolated cell of any one of embodiments 111-113, wherein the cell is a 

bacterial cell selected from the group consisting of: Clostridium beijerinckii, Clostridium sporogenes, 
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Clostridium novyi, Escherichia coli, Pseudomonas aeruginosa, Listeria monocytogenes, Salmonella 

typhimurium, and Salmonella choleraesuis. 

Embodiment 123: A composition comprising the isolated cell of any one of embodiments 111-

122, and a pharmaceutically acceptable carrier. 

Embodiment 124: A method of treating a subject in need thereof, the method comprising 

administering a therapeutically effective dose of any of the isolated cells of any one of embodiments 

111-122 or the composition of embodiment 123. 

Embodiment 125: A method of stimulating a cell-mediated immune response to a tumor cell in 

a subject, the method comprising administering to a subject having a tumor a therapeutically effective 

dose of any of the isolated cells of any one of embodiments 111-122 or the composition of 

embodiment 123. 

Embodiment 126: A method of providing an anti-tumor immunity in a subject, the method 

comprising administering to a subject in need thereof a therapeutically effective dose of any of the 

isolated cells of any one of embodiments 111-122 or the composition of embodiment 123. 

Embodiment 127: A method of treating a subject having cancer, the method comprising 

administering a therapeutically effective dose of any of the isolated cells of any one of embodiments 

111-122 or the composition of embodiment 123. 

Embodiment 128: A method of reducing tumor volume in a subject, the method comprising 

administering to a subject having a tumor a composition comprising any of the isolated cells of any 

one of embodiments 111-122 or the composition of embodiment 123. 

Embodiment 129: The method of any one of embodiments 124-128, wherein the administering 

comprises systemic administration. 

Embodiment 130: The method of any one of embodiments 124-128, wherein the administering 

comprises intratumoral administration. 

Embodiment 131: The method of any one of embodiments 124-130, wherein the isolated cell is 

derived from the subject. 

Embodiment 132: The method of any one of embodiments 124-130, wherein the isolated cell is 

allogeneic with reference to the subject. 

Embodiment 133: The method of any one of embodiments 124-132, wherein the method further 

comprises administering a checkpoint inhibitor. 
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Embodiment 134: The method of embodiment 133, wherein the checkpoint inhibitor is selected 

from the group consisting of: an anti-PD-1 antibody, an anti-PD-L1 antibody, an anti-PD-L2 

antibody, an anti-CTLA-4 antibody, an anti-LAG-3 antibody, an anti-TIM-3 antibody, an anti-TIGIT 

antibody, an anti-VISTA antibody, an anti-KIR antibody, an anti-B7-H3 antibody, an anti-B7-H4 

antibody, an anti-HVEM antibody, an anti-BTLA antibody, an anti-GAL9 antibody, an anti-A2AR 

antibody, an anti-phosphatidylserine antibody, an anti-CD27 antibody, an anti-TNFa antibody, an 

anti-TREM1 antibody, and an anti-TREM2 antibody. 

Embodiment 135: The method of any one of embodiments 124-134, wherein the method further 

comprises administering an anti-CD40 antibody. 

Embodiment 136: The method of any one of embodiments 125-135, wherein the tumor is 

selected from the group consisting of: an adenocarcinoma, a bladder tumor, a brain tumor, a breast 

tumor, a cervical tumor, a colorectal tumor, an esophageal tumor, a glioma, a kidney tumor, a liver 

tumor, a lung tumor, a melanoma, a mesothelioma, an ovarian tumor, a pancreatic tumor, a gastric 

tumor, a testicular yolk sac tumor, a prostate tumor, a skin tumor, a thyroid tumor, and a uterine 

tumor. 

Embodiment 137: A lipid-based structure comprising the engineered nucleic acid of any one of 

embodiments 1-108. 

Embodiment 138: The lipid-based structure of embodiment 137, wherein the lipid-based 

structure comprises a extracellular vesicle. 

Embodiment 139: The lipid-based structure of embodiment 138, wherein the extracellular 

vesicle is selected from the group consisting of: a nanovesicle and an exosome. 

Embodiment 140: The lipid-based structure of embodiment 137, wherein the lipid-based 

structure comprises a lipid nanoparticle or a micelle. 

Embodiment 141: The lipid-based structure of embodiment 137, wherein the lipid-based 

structure comprises a liposome. 

Embodiment 142: A composition comprising the lipid-based structure of any one of 

embodiments 137-141, and a pharmaceutically acceptable carrier. 

Embodiment 143: A method of treating a subject in need thereof, the method comprising 

administering a therapeutically effective dose of any of the lipid-based structures of any one of 

embodiments 137-141 or the composition of embodiment 142. 

Embodiment 144: A method of stimulating a cell-mediated immune response to a tumor cell in 

a subject, the method comprising administering to a subject having a tumor a therapeutically effective 

dose of any of the lipid-based structures of any one of embodiments 137-141 or the composition of 

embodiment 142. 
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Embodiment 145: A method of providing an anti-tumor immunity in a subject, the method 

comprising administering to a subject in need thereof a therapeutically effective dose of any of the 

lipid-based structures of any one of embodiments 137-141 or the composition of embodiment 142. 

Embodiment 146: A method of treating a subject having cancer, the method comprising 

administering a therapeutically effective dose of any of the lipid-based structures of any one of 

embodiments 137-141 or the composition of embodiment 142. 

Embodiment 147: A method of reducing tumor volume in a subject, the method comprising 

administering to a subject having a tumor a composition comprising any of the lipid-based structures 

of any one of embodiments 137-141 or the composition of embodiment 142. 

Embodiment 148: The method of any one of embodiments 143-147, wherein the administering 

comprises systemic administration. 

Embodiment 149: The method of any one of embodiments 144-147, wherein the administering 

comprises intratumoral administration. 

Embodiment 150: The method of any one of embodiments 143-149, the lipid-based structure is 

capable of engineering a cell in the subject. 

Embodiment 151: The method of any one of embodiments 143-150, wherein the method further 

comprises administering a checkpoint inhibitor. 

Embodiment 152: The method of embodiment 151, wherein the checkpoint inhibitor is selected 

from the group consisting of: an anti-PD-1 antibody, an anti-PD-L1 antibody, an anti-PD-L2 

antibody, an anti-CTLA-4 antibody, an anti-LAG-3 antibody, an anti-TIM-3 antibody, an anti-TIGIT 

antibody, an anti-VISTA antibody, an anti-KIR antibody, an anti-B7-H3 antibody, an anti-B7-H4 

antibody, an anti-HVEM antibody, an anti-BTLA antibody, an anti-GAL9 antibody, an anti-A2AR 

antibody, an anti-phosphatidylserine antibody, an anti-CD27 antibody, an anti-TNFa antibody, an 

anti-TREM1 antibody, and an anti-TREM2 antibody. 

Embodiment 153: The method of any one of embodiments 143-152, wherein the method further 

comprises administering an anti-CD40 antibody. 

Embodiment 154: The method of any one of embodiments 144-153, wherein the tumor is 

selected from the group consisting of: an adenocarcinoma, a bladder tumor, a brain tumor, a breast 

tumor, a cervical tumor, a colorectal tumor, an esophageal tumor, a glioma, a kidney tumor, a liver 

tumor, a lung tumor, a melanoma, a mesothelioma, an ovarian tumor, a pancreatic tumor, a gastric 

tumor, a testicular yolk sac tumor, a prostate tumor, a skin tumor, a thyroid tumor, and a uterine 

tumor. 

Embodiment 155: A nanoparticle comprising the engineered nucleic acid of any one of 

embodiments 1-108. 

Embodiment 156: The nanoparticle of embodiment 155, wherein the nanoparticle comprises an 

inorganic material. 
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Embodiment 157: A composition comprising the nanoparticle of embodiment 155 or 

embodiment 156. 

Embodiment 158: A method of treating a subject in need thereof, the method comprising 

administering a therapeutically effective dose of any of the nanoparticles of embodiment 155 or 

embodiment 156, or the composition of embodiment 157. 

Embodiment 159: A method of stimulating a cell-mediated immune response to a tumor cell in 

a subject, the method comprising administering to a subject having a tumor a therapeutically effective 

dose of any of the nanoparticles of embodiment 155 or embodiment 156, or the composition of 

embodiment 157. 

Embodiment 160: A method of providing an anti-tumor immunity in a subject, the method 

comprising administering to a subject in need thereof a therapeutically effective dose of any of the 

nanoparticles of embodiment 155 or embodiment 156, or the composition of embodiment 157. 

Embodiment 161: A method of treating a subject having cancer, the method comprising 

administering a therapeutically effective dose of any of the nanoparticles of embodiment 155 or 

embodiment 156, or the composition of embodiment 157. 

Embodiment 162: A method of reducing tumor volume in a subject, the method comprising 

administering to a subject having a tumor a composition comprising any of the nanoparticles of 

embodiment 155 or embodiment 156, or the composition of embodiment 157. 

Embodiment 163: The method of any one of embodiments 158-162, wherein the administering 

comprises systemic administration. 

Embodiment 164: The method of any one of embodiments 159-162, wherein the administering 

comprises intratumoral administration. 

Embodiment 165: The method of any one of embodiments 158-164, the nanoparticle is capable 

of engineering a cell in the subject. 

Embodiment 166: The method of any one of embodiments 158-165, wherein the method further 

comprises administering a checkpoint inhibitor. 

Embodiment 167: The method of embodiment 166, wherein the checkpoint inhibitor is selected 

from the group consisting of: an anti-PD-1 antibody, an anti-PD-L1 antibody, an anti-PD-L2 

antibody, an anti-CTLA-4 antibody, an anti-LAG-3 antibody, an anti-TIM-3 antibody, an anti-TIGIT 

antibody, an anti-VISTA antibody, an anti-KIR antibody, an anti-B7-H3 antibody, an anti-B7-H4 

antibody, an anti-HVEM antibody, an anti-BTLA antibody, an anti-GAL9 antibody, an anti-A2AR 

antibody, an anti-phosphatidylserine antibody, an anti-CD27 antibody, an anti-TNFa antibody, an 

anti-TREM1 antibody, and an anti-TREM2 antibody. 

Embodiment 168: The method of any one of embodiments 158-167, wherein the method further 

comprises administering an anti-CD40 antibody. 
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Embodiment 169: The method of any one of embodiments 159-168, wherein the tumor is 

selected from the group consisting of: an adenocarcinoma, a bladder tumor, a brain tumor, a breast 

tumor, a cervical tumor, a colorectal tumor, an esophageal tumor, a glioma, a kidney tumor, a liver 

tumor, a lung tumor, a melanoma, a mesothelioma, an ovarian tumor, a pancreatic tumor, a gastric 

tumor, a testicular yolk sac tumor, a prostate tumor, a skin tumor, a thyroid tumor, and a uterine 

tumor. 

Embodiment 170: A virus engineered to comprise the engineered nucleic acid of any one of 

embodiments 1-108. 

Embodiment 171: The engineered virus of embodiment 170, wherein the virus is selected from 

the group consisting of: a lentivirus, a retrovirus, an oncolytic virus, an adenovirus, an adeno-

associated virus (AAV), and a virus-like particle (VLP). 

Embodiment 172: The engineered virus of embodiment 170, wherein the virus is an oncolytic 

virus. 

Embodiment 173: The engineered virus of embodiment 172, wherein the first expression 

cassette and the second expression cassette are capable of being expressed in a tumor cell. 

Embodiment 174: The engineered virus of embodiment 173, wherein the tumor is selected from 

the group consisting of: an adenocarcinoma, a bladder tumor, a brain tumor, a breast tumor, a cervical 

tumor, a colorectal tumor, an esophageal tumor, a glioma, a kidney tumor, a liver tumor, a lung tumor, 

a melanoma, a mesothelioma, an ovarian tumor, a pancreatic tumor, a gastric tumor, a testicular yolk 

sac tumor, a prostate tumor, a skin tumor, a thyroid tumor, and a uterine tumor. 

Embodiment 175: The engineered virus of any one of embodiments 171-174, wherein the 

oncolytic virus is selected from the group consisting of: an oncolytic herpes simplex virus, an 

oncolytic adenovirus, an oncolytic measles virus, an oncolytic influenza virus, an oncolytic Indiana 

vesiculovirus, an oncolytic Newcastle disease virus, an oncolytic vaccinia virus, an oncolytic 

poliovirus, an oncolytic myxoma virus, an oncolytic reovirus, an oncolytic mumps virus, an oncolytic 

Maraba virus, an oncolytic rabies virus, an oncolytic rotavirus, an oncolytic hepatitis virus, an 

oncolytic rubella virus, an oncolytic dengue virus, an oncolytic chikungunya virus, an oncolytic 

respiratory syncytial virus, an oncolytic lymphocytic choriomeningitis virus, an oncolytic 

morbillivirus, an oncolytic lentivirus, an oncolytic replicating retrovirus, an oncolytic rhabdovirus, an 

oncolytic Seneca Valley virus, an oncolytic sindbis virus, and any variant or derivative thereof. 

Embodiment 176: A composition comprising the engineered virus of any one of embodiments 

170-175, and a pharmaceutically acceptable carrier. 

Embodiment 177: A method of stimulating a cell-mediated immune response to a tumor cell in 

a subject, the method comprising administering to a subject having a tumor a therapeutically effective 

dose of any of the engineered viruses of any one of embodiments 170-175 or the composition of 

embodiment 176. 



142 

 

Embodiment 178: A method of providing an anti-tumor immunity in a subject, the method 

comprising administering to a subject in need thereof a therapeutically effective dose of any of the 

engineered viruses of any one of embodiments 170-175 or the composition of embodiment 176. 

Embodiment 179: A method of treating a subject having cancer, the method comprising 

administering a therapeutically effective dose of any of the engineered viruses of any one of 

embodiments 170-175 or the composition of embodiment 176. 

Embodiment 180: A method of reducing tumor volume in a subject, the method comprising 

administering to a subject having a tumor a composition comprising any of the engineered viruses of 

any one of embodiments 170-175 or the composition of embodiment 176. 

Embodiment 181: The method of any one of embodiments 177-180, wherein the administering 

comprises systemic administration. 

Embodiment 182: The method of any one of embodiments 177-180, wherein the administering 

comprises intratumoral administration. 

Embodiment 183: The method of any one of embodiments 177-182, the engineered virus infects 

a cell in the subject and expresses the first expression cassette and the second expression cassette. 

Embodiment 184: The method of any one of embodiments 177-183, wherein the method further 

comprises administering a checkpoint inhibitor. 

Embodiment 185: The method of embodiment 184, wherein the checkpoint inhibitor is selected 

from the group consisting of: an anti-PD-1 antibody, an anti-PD-L1 antibody, an anti-PD-L2 

antibody, an anti-CTLA-4 antibody, an anti-LAG-3 antibody, an anti-TIM-3 antibody, an anti-TIGIT 

antibody, an anti-VISTA antibody, an anti-KIR antibody, an anti-B7-H3 antibody, an anti-B7-H4 

antibody, an anti-HVEM antibody, an anti-BTLA antibody, an anti-GAL9 antibody, an anti-A2AR 

antibody, an anti-phosphatidylserine antibody, an anti-CD27 antibody, an anti-TNFa antibody, an 

anti-TREM1 antibody, and an anti-TREM2 antibody. 

Embodiment 186: The method of any one of embodiments 177-185, wherein the method further 

comprises administering an anti-CD40 antibody. 

Embodiment 187: The method of any one of embodiments 177-186 wherein the tumor is 

selected from the group consisting of: an adenocarcinoma, a bladder tumor, a brain tumor, a breast 

tumor, a cervical tumor, a colorectal tumor, an esophageal tumor, a glioma, a kidney tumor, a liver 

tumor, a lung tumor, a melanoma, a mesothelioma, an ovarian tumor, a pancreatic tumor, a gastric 

tumor, a testicular yolk sac tumor, a prostate tumor, a skin tumor, a thyroid tumor, and a uterine 

tumor. 

Embodiment 188: An engineered cell comprising: 

a) a first expression cassette comprising a first promoter and a first exogenous polynucleotide 

sequence encoding an activation-conditional control polypeptide (ACP), 

wherein the first promoter is operably linked to the first exogenous polynucleotide; and 
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b) a second expression cassette comprising an ACP-responsive promoter and a second 

exogenous polynucleotide sequence having the formula: 

(L – E)X  

wherein 

E comprises a polynucleotide sequence encoding an effector molecule,  

L comprises a linker polynucleotide sequence, 

X = 1 to 20, 

wherein the ACP-responsive promoter is operably linked to the second exogenous polynucleotide, 

wherein for the first iteration of the (L – E) unit, L is absent, and  

wherein the ACP is capable of inducing expression of the second expression cassette by binding to the 

ACP-responsive promoter.   

Embodiment 189: The engineered cell of embodiment 188, wherein the first expression cassette 

and the second expression cassette are encoded by separate polynucleotide sequences. 

Embodiment 190: The engineered cell of embodiment 188, wherein the first expression cassette 

and the second expression cassette are encoded by a single polynucleotide sequence. 

Embodiment 191: The engineered cell of any one of embodiments 188-190, wherein when the 

second expression cassette comprises two or more units of (L1 – E)X, each L1 linker polynucleotide 

sequence is operably associated with the translation of each effector molecule as a separate 

polypeptide. 

Embodiment 192: The engineered cell of embodiment 190 or embodiment 191, wherein the 

engineered cell further comprises a second linker polynucleotide sequence, wherein the second linker 

polynucleotide links the first expression cassette to the second expression cassette. 

Embodiment 193: The engineered cell of embodiment 192, wherein the second linker 

polynucleotide sequence is operably associated with the translation of each effector molecule and the 

ACP as separate polypeptides. 

Embodiment 194: The engineered cell of any one of embodiments 188-193, wherein each linker 

polynucleotide sequence encodes a 2A ribosome skipping tag. 

Embodiment 195: The engineered cell of embodiment 194, wherein the 2A ribosome skipping 

tag is selected from the group consisting of: P2A, T2A, E2A, and F2A. 

Embodiment 196: The engineered cell of any one of embodiments 188-193, wherein each linker 

polynucleotide sequence encodes an Internal Ribosome Entry Site (IRES). 

Embodiment 197: The engineered cell of any one of embodiments 188-196, wherein the linker 

polynucleotide sequence encodes a cleavable polypeptide. 

Embodiment 198: The engineered cell of embodiment 197, wherein the cleavable polypeptide 

comprises a furin polypeptide sequence. 
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Embodiment 199: The engineered cell of any one of embodiments 188-198, wherein the second 

expression cassette comprising one or more units of (L1 – E)X further comprises a polynucleotide 

sequence encoding a secretion signal peptide for each X. 

Embodiment 200: The engineered cell of embodiment 199, wherein for each X the 

corresponding secretion signal peptide is operably associated with the effector molecule. 

Embodiment 201: The engineered cell of embodiment 199 or embodiment 200, wherein each 

secretion signal peptide comprises a native secretion signal peptide native to the corresponding 

effector molecule. 

Embodiment 202: The engineered cell of any one of embodiments 199-201, wherein each 

secretion signal peptide comprises a non-native secretion signal peptide that is non-native to the 

corresponding effector molecule. 

Embodiment 203: The engineered cell of embodiment 202, wherein the non-native secretion 

signal peptide is a secretion signal peptide of a molecule selected from the group consisting of: IL12, 

IL2, optimized IL2, trypsiongen-2, Gaussia luciferase, CD5, CD8, human IgKVII, murine IgKVII, 

VSV-G, prolactin, serum albumin preprotein, azurocidin preprotein, osteonectin, CD33, IL6, IL8, 

CCL2, TIMP2, VEGFB, osteoprotegerin, serpin E1, GROalpha, GM-CSFR, GM-CSF, and CXCL12. 

Embodiment 204: The engineered cell of any one of embodiments 188-203, wherein the ACP-

responsive promoter comprises an ACP-binding domain and a promoter sequence. 

Embodiment 205: The engineered cell embodiment 204, wherein the promoter sequence is 

derived from a promoter selected from the group consisting of: minP, NFkB response element, CREB 

response element, NFAT response element, SRF response element 1, SRF response element 2, AP1 

response element, TCF-LEF response element promoter fusion, Hypoxia responsive element, SMAD 

binding element, STAT3 binding site, minCMV, YB_TATA, minTK, inducer molecule responsive 

promoters, and tandem repeats thereof. 

Embodiment 206: The engineered cell of any one of embodiments 188-205, wherein the ACP-

responsive promoter is a synthetic promoter. 

Embodiment 207: The engineered cell of any one of embodiments 188-206, wherein the ACP-

responsive promoter comprises a minimal promoter. 

Embodiment 208: The engineered cell of any one of embodiments 204-207, wherein the ACP-

binding domain comprises one or more zinc finger binding sites. 

Embodiment 209: The engineered cell of any one of embodiments 188-208, wherein the first 

promoter is a constitutive promoter, an inducible promoter, or a synthetic promoter. 

Embodiment 210: The engineered cell of embodiment 209, wherein the constitutive promoter is 

selected from the group consisting of: CMV, EFS, SFFV, SV40, MND, PGK, UbC, hEF1aV1, 

hCAGG, hEF1aV2, hACTb, heIF4A1, hGAPDH, hGRP78, hGRP94, hHSP70, hKINb, and hUBIb. 
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Embodiment 211: The engineered cell of any one of embodiments 188-210, wherein each 

effector molecule is independently selected from a therapeutic class, wherein the therapeutic class is 

selected from the group consisting of: a cytokine, a chemokine, a homing molecule, a growth factor, a 

co-activation molecule, a tumor microenvironment modifier a, a receptor, a ligand, an antibody, a 

polynucleotide, a peptide, and an enzyme. 

Embodiment 212: The engineered cell of embodiment 211, wherein the cytokine is selected 

from the group consisting of: IL1-beta, IL2, IL4, IL6, IL7, IL10, IL12, an IL12p70 fusion protein, 

IL15, IL17A, IL18, IL21, IL22, Type I interferons, Interferon-gamma, and TNF-alpha. 

Embodiment 213: The engineered cell of embodiment 212, wherein the chemokine is selected 

from the group consisting of: CCL21a, CXCL10, CXCL11, CXCL13, a CXCL10-CXCL11 fusion 

protein, CCL19, CXCL9, and XCL1. 

Embodiment 214: The engineered cell of embodiment 211, wherein the homing molecule is 

selected from the group consisting of: anti-integrin alpha4,beta7; anti-MAdCAM; CCR9; CXCR4; 

SDFl; MMP-2; CXCR1; CXCR7; CCR2; and GPR15. 

Embodiment 215: The engineered cell of embodiment 211, wherein the growth factor is 

selected from the group consisting of: FLT3L and GM-CSF. 

Embodiment 216: The engineered cell of embodiment 211, wherein the co-activation molecule 

is selected from the group consisting of: c-Jun, 4-1BBL, and CD40L. 

Embodiment 217: The engineered cell of embodiment 211, wherein the tumor 

microenvironment modifier is selected from the group consisting of: adenosine deaminase, TGFbeta 

inhibitors, immune checkpoint inhibitors, VEGF inhibitors, and HPGE2. 

Embodiment 218: The engineered cell of embodiment 217, wherein the TGFbeta inhibitors are 

selected from the group consisting of: an anti-TGFbeta peptide, an anti-TGFbeta antibody, a TGFb-

TRAP, and combinations thereof. 

Embodiment 219: The engineered cell of embodiment 217, wherein the immune checkpoint 

inhibitors are selected from the group consisting of: anti-PD-1 antibodies, anti-PD-L1 antibodies, anti-

PD-L2 antibodies, anti-CTLA-4 antibodies, anti-LAG-3 antibodies, anti-TIM-3 antibodies, anti-

TIGIT antibodies, anti-VISTA antibodies, anti-KIR antibodies, anti-B7-H3 antibodies, anti-B7-H4 

antibodies, anti-HVEM antibodies, anti-BTLA antibodies, anti-GAL9 antibodies, anti-A2AR 

antibodies, anti-phosphatidylserine antibodies, anti-CD27 antibodies, anti-TNFa antibodies, anti-

TREMl antibodies, and anti-TREM2 antibodies. 

Embodiment 220: The engineered cell of embodiment 217, wherein the VEGF inhibitors 

comprise anti-VEGF antibodies, anti-VEGF peptides, or combinations thereof. 

Embodiment 221: The engineered cell of any one of embodiments 188-217, wherein each 

effector molecule is a human-derived effector molecule. 
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Embodiment 222: The engineered cell of any one of embodiments 188-221, wherein the cell 

further comprises a third expression cassette comprising a third promoter and a third exogenous 

polynucleotide sequence encoding an antigen recognizing receptor, wherein the third promoter is 

operably linked to the third exogenous polynucleotide. 

Embodiment 223: The engineered cell of any one of embodiments 188-221, wherein the first 

exogenous polynucleotide sequence further encodes an antigen recognizing receptor. 

Embodiment 224: An engineered cell comprising: 

a) a first expression cassette comprising a first promoter and a first exogenous polynucleotide 

sequence encoding an activation-conditional control polypeptide (ACP) and an antigen recognizing 

receptor, 

wherein the first promoter is operably linked to the first exogenous polynucleotide; and 

b) a second expression cassette comprising an ACP-responsive promoter and a second 

exogenous polynucleotide sequence having the formula: 

(L – E)X  

wherein 

E comprises a polynucleotide sequence encoding an effector molecule,  

L comprises a linker polynucleotide sequence, 

X = 1 to 20, 

wherein the ACP-responsive promoter is operably linked to the second exogenous polynucleotide, 

wherein for the first iteration of the (L – E) unit, L is absent, and  

wherein the ACP is capable of inducing expression of the second expression cassette by binding to the 

ACP-responsive promoter.   

Embodiment 225: An engineered cell comprising: 

a) a first expression cassette comprising a first promoter and a first exogenous polynucleotide 

sequence encoding an antigen recognizing receptor, 

wherein the first promoter is operably linked to the first exogenous polynucleotide; and 

b) a second expression cassette comprising an activation-conditional control polypeptide-

responsive (ACP-responsive) promoter and a second exogenous polynucleotide sequence having the 

formula: 

(L – E)X  

wherein 

E comprises a polynucleotide sequence encoding an effector molecule,  

L comprises a linker polynucleotide sequence, 

X = 1 to 20, 

wherein the ACP-responsive promoter is operably linked to the second exogenous polynucleotide, 

wherein for the first iteration of the (L – E) unit, L is absent. 
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Embodiment 226: The engineered cell of embodiment 225, wherein the cell further comprises a 

third expression cassette comprising a third promoter and a third exogenous polynucleotide sequence 

encoding an activation-conditional control polypeptide (ACP), wherein the third promoter is operably 

linked to the third exogenous polynucleotide. 

Embodiment 227: The engineered cell of embodiment 226, wherein the ACP is capable of 

inducing expression of the second expression cassette by binding to the ACP-responsive promoter. 

Embodiment 228: The engineered cell of embodiment 225, wherein the ACP is the antigen 

recognizing receptor and the ACP is capable of inducing expression of the second expression cassette 

following binding of the ACP to a cognate antigen. 

Embodiment 229: The engineered cell of embodiment 228, wherein the ACP-responsive 

promoter is an inducible promoter that is capable of being induced by the ACP binding to the cognate 

antigen. 

Embodiment 230: The engineered cell of embodiment 229, wherein the ACP-responsive 

promoter is derived from a promoter region of a gene upregulated following binding of the ACP to the 

cognate antigen..  

Embodiment 231: The engineered cell of any one of embodiments 224-227, wherein the ACP-

responsive promoter is selected from the group consisting of a constitutive promoter, an inducible 

promoter, and a synthetic promoter. 

Embodiment 232: The engineered cell of any one of embodiments 224-231, wherein the first 

expression cassette and the second expression cassette are encoded by separate polynucleotide 

sequences. 

Embodiment 233: The engineered cell of any one of embodiments 224-232, wherein the ACP-

responsive promoter comprises a minimal promoter. 

Embodiment 234: The engineered cell of any one of embodiments 224-233, wherein the ACP-

binding domain comprises one or more zinc finger binding sites. 

Embodiment 235: The engineered cell of embodiment 224 or embodiment 225, wherein the first 

exogenous polynucleotide sequence further comprises a third linker polynucleotide sequence 

localized between the region of the first exogenous polynucleotide sequence encoding the ACP and 

the region of the first exogenous polynucleotide sequence encoding the antigen recognizing receptor. 

Embodiment 236: The engineered cell of embodiment 235, wherein the third linker 

polynucleotide sequence is operably associated with the translation of the ACP and the antigen 

recognizing receptor as separate polypeptides. 

Embodiment 237: The engineered cell of any one of embodiments 225-234, further comprising 

a third linker polynucleotide sequence localized between the first expression cassette and the second 

expression cassette.  
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Embodiment 238: The engineered cell of embodiment 237, wherein the third linker 

polynucleotide sequence is operably associated with the translation of the antigen receptor and each 

effector molecule as separate polypeptides. 

Embodiment 239: The engineered cell of any one of embodiments 235-238, wherein the third 

linker polynucleotide sequence encodes a 2A ribosome skipping tag. 

Embodiment 240: The engineered nucleic acid of embodiment 239, wherein the 2A ribosome 

skipping tag is selected from the group consisting of: P2A, T2A, E2A, and F2A. 

Embodiment 241: The engineered cell of any one of embodiments 235-238, the third linker 

polynucleotide sequence encodes an Internal Ribosome Entry Site (IRES). 

Embodiment 242: The engineered nucleic acid of any one of embodiments 235-241, wherein 

the third linker polynucleotide sequence encodes a cleavable polypeptide. 

Embodiment 243: The engineered nucleic acid of embodiment 242, wherein the cleavable 

polypeptide comprises a furin polypeptide sequence. 

Embodiment 244: The engineered cell of any one of embodiments 222-243, wherein the antigen 

recognizing receptor recognizes an antigen selected from the group consisting of: 5T4, ADAM9, 

AFP, AXL, B7-H3, B7-H4, B7-H6, C4.4, CA6, Cadherin 3, Cadherin 6, CCR4, CD123, CD133, 

CD138, CD142, CD166, CD25, CD30, CD352, CD37, CD38, CD44, CD56, CD66e, CD70, CD71, 

CD74, CD79b, CD80, CEA, CEACAM5, Claudin18.2, cMet, CSPG4, CTLA, DLK1, DLL3, DR5, 

EGFR, ENPP3, EpCAM, EphA2, Ephrin A4, ETBR, FGFR2, FGFR3, FRalpha, FRb, GCC, GD2, 

GFRa4, gpA33, GPC3, gpNBM, GPRC5, HER2, IL-13R, IL-13Ra, IL-13Ra2, IL-8, IL-15, IL1RAP, 

Integrin aV, KIT, L1CAM, LAMP1, Lewis Y, LeY, LIV-1, LRRC, LY6E, MCSP, Mesothelin, 

MUC1, MUC16, MUC1C, NaPi2B, Nectin 4, NKG2D, NOTCH3, NY ESO 1, Ovarin, P-cadherin, 

pan-Erb2, PSCA, PSMA, PTK7, ROR1, S Aures, SCT, SLAMF7, SLITRK6, SSTR2, STEAP1, 

Survivin, TDGF1, TIM1, TROP2, and WT1. 

Embodiment 245: The engineered cell of any one of embodiments 222-244, wherein the antigen 

recognizing receptor recognizes GPC3. 

Embodiment 246: The engineered cell of any one of embodiments 222-244, wherein the antigen 

recognizing receptor recognizes mesothelin. 

Embodiment 247: The engineered cell of any one of embodiments 222-246, wherein the antigen 

recognizing receptor comprises an antigen-binding domain. 

Embodiment 248: The engineered cell of embodiment 245 or embodiment 247, wherein the 

antigen-binding domain that binds to GPC3 comprises a heavy chain variable (VH) region and a light 

chain variable (VL) region,  

wherein the VH comprises: 

a heavy chain complementarity determining region 1 (CDR-H1) having the amino acid sequence of 

KNAMN (SEQ ID NO: 119), 
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a heavy chain complementarity determining region 2 (CDR-H2) having the amino acid sequence of 

RIRNKTNNYATYYADSVKA (SEQ ID NO: 120), and 

a heavy chain complementarity determining region 3 (CDR-H3) having the amino acid sequence of 

GNSFAY (SEQ ID NO: 121), and 

wherein the VL comprises: 

a light chain complementarity determining region 1 (CDR-L1) having the amino acid sequence of 

KSSQSLLYSSNQKNYLA (SEQ ID NO: 122), 

a light chain complementarity determining region 2 (CDR-L2) having the amino acid sequence of 

WASSRES (SEQ ID NO: 123), and 

a light chain complementarity determining region 3 (CDR-L3) having the amino acid sequence of 

QQYYNYPLT (SEQ ID NO: 124). 

Embodiment 249: The engineered cell of embodiment 248, wherein the VH region comprises an 

amino acid sequence with at least 90 %, at least 91%, at least 92%, at least 93%, at least 94%, at least 

95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identity to the amino acid 

sequence of  

EVQLVETGGGMVQPEGSLKLSCAASGFTFNKNAMNWVRQAPGKGLEWVARIRNKTNNYAT

YYADSVKARFTISRDDSQSMLYLQMNNLKIEDTAMYYCVAGNSFA YWGQGTLVTVSA 

(SEQ ID NO: 125) or 

EVQLVESGGGLVQPGGSLRLSCAASGFTFNKNAMNWVRQAPGKGLEWVGRIRNKTNNYAT

YYADSVKARFTISRDDSKNSLYLQMNSLKTEDTAVYYCVAGNSFAYWGQGTLVTVSA (SEQ 

ID NO: 126). 

Embodiment 250: The engineered cell of embodiment 248 or embodiment 249, wherein the VL 

region comprises an amino acid sequence with at least 90 %, at least 91%, at least 92%, at least 93%, 

at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identity to 

the amino acid sequence of 

DIVMSQSPSSLVVSIGEKVTMTCKSSQSLLYSSNQKNYLAWYQQKPGQSPKLLIYWASSRES

GVPDRFTGSGSGTDFTLTISSVKAEDLAVYYCQQYYNYPLTFGAGTKLELK (SEQ ID NO: 

127), or 

DIVMTQSPDSLAVSLGERATINCKSSQSLLYSSNQKNYLAWYQQKPGQPPKLLIYWASSRES

GVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQYYNYPLTFGQGTKLEIK (SEQ ID NO: 

128). 

Embodiment 251: The engineered cell of embodiment 246 or embodiment 247, wherein the 

antigen-binding domain that binds to MSLN comprises the three complementarity determining 

regions (CDRs) of a single-domain monoclonal antibody having the amino acid sequence of: 

QVQLVESGGGTVQAGGSLKLACAASGLPRTYNVMGWFRQAPGKEREGVAIIYTTTGATYYR

DSVKGRATISQDNAKKSVSLQMNSLRPEDTAIYYCVARQPNSGPWEYWGQGTQVTVSS 
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(SEQ ID NO: 129), or  

QVKLEESGGGSVQAGGSLRLSCTTSGYTNSYKWMGWFRQAPGQEREGVAVIYTGNDRTYY

SDSVKGRFTISRDNAKNMIYLDMTRLRPEDSAVYECAIGHDGAWRYWGQGTQVTVSS (SEQ 

ID NO: 130).   

Embodiment 252: The engineered cell of any one of embodiments 247-251, wherein the 

antigen-binding domain comprises an antibody, an antigen-binding fragment of an antibody, a F(ab) 

fragment, a F(ab') fragment, a single chain variable fragment (scFv), or a single-domain antibody 

(sdAb). 

Embodiment 253: The engineered cell of any one of embodiments 247-251, wherein the 

antigen-binding domain comprises a single chain variable fragment (scFv). 

Embodiment 254: The engineered cell of embodiment 253, wherein the scFv comprises a heavy 

chain variable domain (VH) and a light chain variable domain (VL). 

Embodiment 255: The engineered cell of embodiment 254, wherein the VH and VL are 

separated by a peptide linker. 

Embodiment 256: The engineered cell of embodiment 254 or embodiment 255, wherein the 

scFv comprises the structure VH-L-VL or VL-L-VH, wherein VH is the heavy chain variable domain, 

L is the peptide linker, and VL is the light chain variable domain. 

Embodiment 257: The engineered cell of any one of embodiments 222-256, wherein the antigen 

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

Embodiment 258: The engineered cell of embodiment 257, wherein the antigen recognizing 

receptor is a CAR. 

Embodiment 259: The engineered cell of embodiment 258, wherein the CAR comprises one or 

more intracellular signaling domains, and each of the one or more intracellular signaling domains is 

selected from the group consisting of: a CD3zeta-chain intracellular signaling domain, a CD97 

intracellular signaling domain, a CD11a-CD18 intracellular signaling domain, a CD2 intracellular 

signaling domain, an ICOS intracellular signaling domain, a CD27 intracellular signaling domain, a 

CD154 intracellular signaling domain, a CD8 intracellular signaling domain, an OX40 intracellular 

signaling domain, a 4-1BB intracellular signaling domain, a CD28 intracellular signaling domain, a 

ZAP40 intracellular signaling domain, a CD30 intracellular signaling domain, a GITR intracellular 

signaling domain, an HVEM intracellular signaling domain, a DAP10 intracellular signaling domain, 

a DAP12 intracellular signaling domain, a MyD88 intracellular signaling domain, a 2B4 intracellular 

signaling domain, a CD16a intracellular signaling domain, a DNAM-1 intracellular signaling domain, 

a KIR2DS1 intracellular signaling domain, a KIR3DS1 intracellular signaling domain, a NKp44 

intracellular signaling domain, a NKp46 intracellular signaling domain, a FceRlg intracellular 

signaling domain, a NKG2D intracellular signaling domain, and an EAT-2 intracellular signaling 

domain. 
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Embodiment 260: The engineered cell of embodiment 258 or embodiment 259, wherein the 

CAR comprises a transmembrane domain, and the transmembrane domain is selected from the group 

consisting of: a CD8 transmembrane domain, a CD28 transmembrane domain a CD3zeta-chain 

transmembrane domain, a CD4 transmembrane domain, a 4-1BB transmembrane domain, an OX40 

transmembrane domain, an ICOS transmembrane domain, a CTLA-4 transmembrane domain, a PD-1 

transmembrane domain, a LAG-3 transmembrane domain, a 2B4 transmembrane domain, a BTLA 

transmembrane domain, an OX40 transmembrane domain, a DAP10 transmembrane domain, a 

DAP12 transmembrane domain, a CD16a transmembrane domain, a DNAM-1 transmembrane 

domain, a KIR2DS1 transmembrane domain, a KIR3DS1 transmembrane domain, an NKp44 

transmembrane domain, an NKp46 transmembrane domain, an FceRlg transmembrane domain, and 

an NKG2D transmembrane domain. 

Embodiment 261: The engineered cell of any one of embodiments 258-260, wherein the CAR 

comprises a spacer region between the antigen-binding domain and the transmembrane domain. 

Embodiment 262: The engineered cell of any one of embodiments 188-261, wherein the ACP is 

a transcriptional modulator. 

Embodiment 263: The engineered cell of any one of embodiments 188-261, wherein the ACP is 

a transcriptional repressor. 

Embodiment 264: The engineered cell of any one of embodiments 188-261, wherein the ACP is 

a transcriptional activator. 

Embodiment 265: The engineered cell of any one of embodiments 188-264, wherein the ACP 

further comprises a repressible protease and one or more cognate cleavage sites of the repressible 

protease. 

Embodiment 266: The engineered cell of any one of embodiments 188-264, wherein the ACP 

further comprises a hormone-binding domain of estrogen receptor (ERT2 domain). 

Embodiment 267: The engineered cell of any one of embodiments 264-266, wherein the ACP is 

a transcription factor. 

Embodiment 268: The engineered cell of embodiment 237, wherein the ACP is a zinc-finger-

containing transcription factor. 

Embodiment 269: The engineered cell of embodiment 268, wherein the zinc finger-containing 

transcription factor comprises a DNA-binding zinc finger protein domain (ZF protein domain) and an 

effector domain. 

Embodiment 270: The engineered cell of embodiment 269, wherein the ZF protein domain is 

modular in design and is composed of zinc finger arrays (ZFA). 

Embodiment 271: The engineered cell of embodiment 270, wherein the ZF protein domain 

comprises one to ten ZFA. 
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Embodiment 272: The engineered cell of any one of embodiments 269-271, wherein the 

effector domain is selected from the group consisting of: a Herpes Simplex Virus Protein 16 (VP16) 

activation domain; an activation domain comprising four tandem copies of VP16, a VP64 activation 

domain; a p65 activation domain of NFκB; an Epstein-Barr virus R transactivator (Rta) activation 

domain; a tripartite activator comprising the VP64, the p65, and the Rta activation domains (VPR 

activation domain); a histone acetyltransferase (HAT) core domain of the human E1A-associated 

protein p300 (p300 HAT core activation domain); a Krüppel associated box (KRAB) repression 

domain; a truncated Krüppel associated box (KRAB) repression domain; a Repressor Element 

Silencing Transcription Factor (REST) repression domain; a WRPW motif (SEQ ID NO: 162) of the 

hairy-related basic helix-loop-helix repressor proteins, the motif is known as a WRPW repression 

domain ("WRPW" disclosed as SEQ ID NO: 162); a DNA (cytosine-5)-methyltransferase 3B 

(DNMT3B) repression domain; and an HP1 alpha chromoshadow repression domain. 

Embodiment 273: The engineered cell of any one of embodiments 269-272, wherein the one or 

more cognate cleavage sites of the repressible protease are localized between the ZF protein domain 

and the effector domain.  

Embodiment 274: The engineered cell of any one of embodiments 265-273, wherein the 

repressible protease is a hepatitis C virus (HCV) nonstructural protein 3 (NS3). 

Embodiment 275: The engineered cell of embodiment 274, wherein the cognate cleavage site 

comprises an NS3 protease cleavage site. 

Embodiment 276: The engineered cell of embodiment 275, wherein the NS3 protease cleavage 

site comprises a NS3/NS4A, a NS4A/NS4B, a NS4B/NS5A, or a NS5A/NS5B junction cleavage site. 

Embodiment 277: The engineered cell of any one of embodiments 274-276, wherein the NS3 

protease can be repressed by a protease inhibitor. 

Embodiment 278: The engineered cell of embodiment 277, wherein the protease inhibitor is 

selected from the group consisting of: simeprevir, danoprevir, asunaprevir, ciluprevir, boceprevir, 

sovaprevir, paritaprevir, telaprevir, grazoprevir, glecaprevir, and voxiloprevir. 

Embodiment 279: The engineered cell of embodiment 277, wherein the protease inhibitor is 

grazoprevir. 

Embodiment 280: The engineered cell of embodiment 277, wherein the protease inhibitor is 

grazoprevir and elbasvir. 

Embodiment 281: The engineered cell of embodiment 280, wherein the grazoprevir and the 

elbasvir is co-formulated in a pharmaceutical composition. 

Embodiment 282: The engineered cell of embodiment 281, wherein the pharmaceutical 

composition is a tablet. 

Embodiment 283: The engineered cell of embodiment 281 or 282, wherein the grazoprevir and 

the elbasvir are at a 2 to 1 weight ratio. 
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Embodiment 284: The engineered cell of embodiment 283, wherein the grazoprevir is 100 mg 

per unit dose and the elbasvir is 50 mg per unit dose. 

Embodiment 285: The engineered cell of any one of embodiments 266-284, wherein the ACP is 

capable of undergoing nuclear localization upon binding of the ERT2 domain to tamoxifen or a 

metabolite thereof. 

Embodiment 286: The engineered cell of embodiment 285, wherein the tamoxifen metabolite is 

selected from the group consisting of: 4-hydroxytamoxifen, N-desmethyltamoxifen, tamoxifen-N-

oxide, and endoxifen. 

Embodiment 287: The engineered cell of any one of embodiments 188-286, wherein the ACP 

further comprises a degron, and wherein the degron is operably linked to the ACP. 

Embodiment 288: The engineered cell of embodiment 287, wherein the degron is selected from 

the group consisting of HCV NS4 degron, PEST (two copies of residues 277-307 of human IκBα), 

GRR (residues 352-408 of human p105), DRR (residues 210-295 of yeast Cdc34), SNS (tandem 

repeat of SP2 and NB (SP2-NB-SP2 of influenza A or influenza B), RPB (four copies of residues 

1688-1702 of yeast RPB), SPmix (tandem repeat of SP1 and SP2 (SP2-SP1-SP2-SP1-SP2 of 

influenza A virus M2 protein), NS2 (three copies of residues 79-93 of influenza A virus NS protein), 

ODC (residues 106-142 of ornithine decarboxylase), Nek2A, mouse ODC (residues 422–461), mouse 

ODC_DA (residues 422-461 of mODC  including D433A and D434A point mutations), an APC/C 

degron, a COP1 E3 ligase binding degron motif, a CRL4-Cdt2 binding PIP degron, an actinfilin-

binding degron, a KEAP1 binding degron, a KLHL2 and KLHL3 binding degron, an MDM2 binding 

motif, an N-degron, a hydroxyproline modification in hypoxia signaling, a phytohormone-dependent 

SCF-LRR-binding degron, an SCF ubiquitin ligase binding phosphodegron, a phytohormone-

dependent SCF-LRR-binding degron, a DSGxxS phospho-dependent degron (SEQ ID NO: 163), an 

Siah binding motif, an SPOP SBC docking motif, and a PCNA binding PIP box. 

Embodiment 289: The engineered cell of embodiment 287, wherein the degron comprises a 

cereblon (CRBN) polypeptide substrate domain capable of binding CRBN in response to an 

immunomodulatory drug (IMiD) thereby promoting ubiquitin pathway-mediated degradation of the 

ACP. 

Embodiment 290: The engineered cell of embodiment 289, wherein the CRBN polypeptide 

substrate domain is selected from the group consisting of: IKZF1, IKZF3, CKla, ZFP91, GSPT1, 

MEIS2, GSS E4F1, ZN276, ZN517, ZN582, ZN653, ZN654, ZN692, ZN787, and ZN827, or a 

fragment thereof that is capable of drug-inducible binding of CRBN. 

Embodiment 291: The engineered cell of embodiment 289, wherein the CRBN polypeptide 

substrate domain is a chimeric fusion product of native CRBN polypeptide sequences. 

Embodiment 292: The engineered cell of embodiment 289, wherein the CRBN polypeptide 

substrate domain is a IKZF3/ZFP91/IKZF3 chimeric fusion product having the amino acid sequence 
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of FNVLMVHKRSHTGERPLQCEICGFTCRQKGNLLRHIKLHTGEKPFKCHLCNYACQRRDAL 

(SEQ ID NO: 131). 

Embodiment 293: The engineered cell of any one of embodiments 289-292, wherein the IMiD 

is an FDA-approved drug. 

Embodiment 294: The engineered cell of any one of embodiments 289-293, wherein the IMiD 

is selected from the group consisting of: thalidomide, lenalidomide, and pomalidomide. 

Embodiment 295: The engineered cell of any one of embodiments 285-294, wherein the degron 

is localized 5’ of the repressible protease, 3’ of the repressible protease, 5’ of the ZF protein domain, 

3’ of the ZF protein domain, 5’ of the effector domain, or 3’ of the effector domain. 

Embodiment 296: The engineered cell of any one of embodiments 190-295, wherein the 

engineered nucleic acid further comprises an insulator. 

Embodiment 297: The engineered cell of embodiment 296, wherein the insulator is localized 

between the first expression cassette and the second expression cassette. 

Embodiment 298: The engineered cell of any one of embodiments 190-297, wherein the first 

expression cassette is localized in the same orientation relative to the second expression cassette. 

Embodiment 299: The engineered cell of any one of embodiments 190-297, wherein the first 

expression cassette is localized in the opposite orientation relative to the second expression cassette. 

Embodiment 300: The engineered cell of any one of embodiments 188-299, wherein the cell 

further comprises an additional expression cassette comprising an additional promoter and an 

additional exogenous polynucleotide sequence having the formula: 

(L – E)X  

wherein 

E comprises a polynucleotide sequence encoding an effector molecule,  

L comprises a linker polynucleotide sequence, 

X = 1 to 20,  

wherein the additional promoter is operably linked to the additional exogenous polynucleotide, and 

wherein for the first iteration of the (L – E) unit, L is absent.  

Embodiment 301: The engineered cell of embodiment 300, wherein when the additional 

expression cassette comprises two or more units of (L – E)X, each L linker polynucleotide sequence is 

operably associated with the translation of each effector molecule as a separate polypeptide. 

Embodiment 302: The engineered cell of embodiment 300 or embodiment 301, wherein each 

linker polynucleotide sequence encodes a 2A ribosome skipping tag. 

Embodiment 303: The engineered cell of embodiment 302, wherein the 2A ribosome skipping 

tag is selected from the group consisting of: P2A, T2A, E2A, and F2A. 

Embodiment 304: The engineered cell of embodiment 300 or embodiment 301, wherein each 

linker polynucleotide sequence encodes an Internal Ribosome Entry Site (IRES). 
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Embodiment 305: The engineered cell of any one of embodiments 300-304, wherein the linker 

polynucleotide sequence encodes a cleavable polypeptide. 

Embodiment 306: The engineered cell of embodiment 305, wherein the cleavable polypeptide 

comprises a furin polypeptide sequence. 

Embodiment 307: The engineered cell of any one of embodiments 300-306, wherein the 

additional expression cassette comprising one or more units of (L – E)X further comprises a 

polynucleotide sequence encoding a secretion signal peptide for each X. 

Embodiment 308: The engineered cell of embodiment 307, wherein for each X the 

corresponding secretion signal peptide is operably associated with the effector molecule. 

Embodiment 309: The engineered cell of embodiment 307 or embodiment 308, wherein each 

secretion signal peptide comprises a native secretion signal peptide native to the corresponding 

effector molecule. 

Embodiment 310: The engineered cell of any one of embodiments 307-309, wherein each 

secretion signal peptide comprises a non-native secretion signal peptide that is non-native to the 

corresponding effector molecule. 

Embodiment 311: The engineered cell of embodiment 310 wherein the non-native secretion 

signal peptide is a secretion signal peptide of a molecule selected from the group consisting of: IL12, 

IL2, optimized IL2, trypsiongen-2, Gaussia luciferase, CD5, CD8, human IgKVII, murine IgKVII, 

VSV-G, prolactin, serum albumin preprotein, azurocidin preprotein, osteonectin, CD33, IL6, IL8, 

CCL2, TIMP2, VEGFB, osteoprotegerin, serpin E1, GROalpha, GM-CSFR, GM-CSF, and CXCL12. 

Embodiment 312: The engineered cell of any one of embodiments 300-311, wherein the 

additional promoter is a constitutive promoter, an inducible promoter, or a synthetic promoter. 

Embodiment 313: The engineered cell of any one of embodiments 300-311, wherein the 

additional promoter is a constitutive promoter selected from the group consisting of: CMV, EFS, 

SFFV, SV40, MND, PGK, UbC, hEF1aV1, hCAGG, hEF1aV2, hACTb, heIF4A1, hGAPDH, 

hGRP78, hGRP94, hHSP70, hKINb, and hUBIb. 

Embodiment 314: The engineered cell of any one of embodiments 300-313, wherein each 

effector molecule is independently selected from a therapeutic class, wherein the therapeutic class is 

selected from the group consisting of: a cytokine, a chemokine, a homing molecule, a growth factor, a 

co-activation molecule, a tumor microenvironment modifier a, a receptor, a ligand, an antibody, a 

polynucleotide, a peptide, and an enzyme. 

Embodiment 315: The engineered cell of embodiment 314, wherein the cytokine is selected 

from the group consisting of: IL1-beta, IL2, IL4, IL6, IL7, IL10, IL12, an IL12p70 fusion protein, 

IL15, IL17A, IL18, IL21, IL22, Type I interferons, Interferon-gamma, and TNF-alpha. 
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Embodiment 316: The engineered cell of embodiment 314, wherein the chemokine is selected 

from the group consisting of: CCL21a, CXCL10, CXCL11, CXCL13, a CXCL10-CXCL11 fusion 

protein, CCL19, CXCL9, and XCL1. 

Embodiment 317: The engineered cell of embodiment 314, wherein the homing molecule is 

selected from the group consisting of: anti-integrin alpha4,beta7; anti-MAdCAM; CCR9; CXCR4; 

SDFl; MMP-2; CXCR1; CXCR7; CCR2; and GPR15. 

Embodiment 318: The engineered cell of embodiment 314, wherein the growth factor is 

selected from the group consisting of: FLT3L and GM-CSF. 

Embodiment 319: The engineered cell of embodiment 314, wherein the co-activation molecule 

is selected from the group consisting of: c-Jun, 4-1BBL, and CD40L. 

Embodiment 320: The engineered cell of embodiment 314, wherein the tumor 

microenvironment modifier is selected from the group consisting of: adenosine deaminase, TGFbeta 

inhibitors, immune checkpoint inhibitors, VEGF inhibitors, and HPGE2. 

Embodiment 321: The engineered cell of embodiment 320, wherein the TGFbeta inhibitors are 

selected from the group consisting of: an anti-TGFbeta peptide, an anti-TGFbeta antibody, a TGFb-

TRAP, and combinations thereof. 

Embodiment 322: The engineered cell of embodiment 320, wherein the immune checkpoint 

inhibitors are selected from the group consisting of: anti-PD-1 antibodies, anti-PD-L1 antibodies, anti-

PD-L2 antibodies, anti-CTLA-4 antibodies, anti-LAG-3 antibodies, anti-TIM-3 antibodies, anti-

TIGIT antibodies, anti-VISTA antibodies, anti-KIR antibodies, anti-B7-H3 antibodies, anti-B7-H4 

antibodies, anti-HVEM antibodies, anti-BTLA antibodies, anti-GAL9 antibodies, anti-A2AR 

antibodies, anti-phosphatidylserine antibodies, anti-CD27 antibodies, anti-TNFa antibodies, anti-

TREMl antibodies, and anti-TREM2 antibodies. 

Embodiment 323: The engineered cell of embodiment 320, wherein the VEGF inhibitors 

comprise anti-VEGF antibodies, anti-VEGF peptides, or combinations thereof. 

Embodiment 324: The engineered cell of any one of embodiments 300-320, wherein each 

effector molecule is a human-derived effector molecule. 

Embodiment 325: The engineered cell of any one of embodiments 188-324, wherein the cell is 

selected from the group consisting of: a T cell, a CD8+ T cell, a CD4+ T cell, a gamma-delta T cell, a 

cytotoxic T lymphocyte (CTL), a regulatory T cell, a Natural Killer T (NKT) cell, a Natural Killer 

(NK) cell, a B cell, a tumor-infiltrating lymphocyte (TIL), an innate lymphoid cell, a mast cell, an 

eosinophil, a basophil, a neutrophil, a myeloid cell, a macrophage, a monocyte, a dendritic cell, an 

erythrocyte, a platelet cell, a human embryonic stem cell (ESC), an ESC-derived cell, a pluripotent 

stem cell, a mesenchymal stromal cell (MSC), an induced pluripotent stem cell (iPSC), and an iPSC-

derived cell. 
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Embodiment 326: The engineered cell of any one of embodiments 188-325, wherein the cell is a 

Natural Killer (NK) cell. 

Embodiment 327: The engineered cell of any one of embodiments 188-326, wherein the cell is 

autologous. 

Embodiment 328: The engineered cell of any one of embodiments 188-326 wherein the cell is 

allogeneic. 

Embodiment 329: The engineered cell of any one of embodiments 188-324, wherein the cell is a 

tumor cell selected from the group consisting of: an adenocarcinoma cell, a bladder tumor cell, a brain 

tumor cell, a breast tumor cell, a cervical tumor cell, a colorectal tumor cell, an esophageal tumor cell, 

a glioma cell, a kidney tumor cell, a liver tumor cell, a lung tumor cell, a melanoma cell, a 

mesothelioma cell, an ovarian tumor cell, a pancreatic tumor cell, a gastric tumor cell, a testicular 

yolk sac tumor cell, a prostate tumor cell, a skin tumor cell, a thyroid tumor cell, and a uterine tumor 

cell. 

Embodiment 330: The engineered cell of embodiment 329, wherein the cell was engineered via 

transduction with an oncolytic virus. 

Embodiment 331: The engineered cell of embodiment 330, wherein the oncolytic virus is 

selected from the group consisting of: an oncolytic herpes simplex virus, an oncolytic adenovirus, an 

oncolytic measles virus, an oncolytic influenza virus, an oncolytic Indiana vesiculovirus, an oncolytic 

Newcastle disease virus, an oncolytic vaccinia virus, an oncolytic poliovirus, an oncolytic myxoma 

virus, an oncolytic reovirus, an oncolytic mumps virus, an oncolytic Maraba virus, an oncolytic rabies 

virus, an oncolytic rotavirus, an oncolytic hepatitis virus, an oncolytic rubella virus, an oncolytic 

dengue virus, an oncolytic chikungunya virus, an oncolytic respiratory syncytial virus, an oncolytic 

lymphocytic choriomeningitis virus, an oncolytic morbillivirus, an oncolytic lentivirus, an oncolytic 

replicating retrovirus, an oncolytic rhabdovirus, an oncolytic Seneca Valley virus, an oncolytic sindbis 

virus, and any variant or derivative thereof. 

Embodiment 332: The engineered cell of embodiment 330 or embodiment 331, wherein the 

oncolytic virus is a recombinant oncolytic virus comprising the first expression cassette and the 

second expression cassette. 

Embodiment 333: The engineered cell of any one of embodiments 188-324, wherein the cell is a 

bacterial cell selected from the group consisting of: Clostridium beijerinckii, Clostridium sporogenes, 

Clostridium novyi, Escherichia coli, Pseudomonas aeruginosa, Listeria monocytogenes, Salmonella 

typhimurium, and Salmonella choleraesuis. 

Embodiment 334: A composition comprising the engineered cell of any one of embodiments 

188-333, and a pharmaceutically acceptable carrier. 
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Embodiment 335: A method of treating a subject in need thereof, the method comprising 

administering a therapeutically effective dose of any of the engineered cells of any one of 

embodiments 188-333 or the composition of embodiment 334. 

Embodiment 336: A method of stimulating a cell-mediated immune response to a tumor cell in 

a subject, the method comprising administering to a subject having a tumor a therapeutically effective 

dose of any of the engineered cells of any one of embodiments 188-333 or the composition of 

embodiment 334. 

Embodiment 337: A method of providing an anti-tumor immunity in a subject, the method 

comprising administering to a subject in need thereof a therapeutically effective dose of any of the 

engineered cells of any one of embodiments 188-333 or the composition of embodiment 334. 

Embodiment 338: A method of treating a subject having cancer, the method comprising 

administering a therapeutically effective dose of any of the engineered cells of any one of 

embodiments 188-333 or the composition of embodiment 334. 

Embodiment 339: A method of reducing tumor volume in a subject, the method comprising 

administering to a subject having a tumor a composition comprising any of the engineered cells of any 

one of embodiments 188-333 or the composition of embodiment 334. 

Embodiment 340: The method of any one of embodiments 335-339, wherein the administering 

comprises systemic administration. 

Embodiment 341: The method of any one of embodiments 336-339, wherein the administering 

comprises intratumoral administration. 

Embodiment 342: The method of any one of embodiments 335-341, wherein the engineered cell 

is derived from the subject. 

Embodiment 343: The method of any one of embodiments 335-341, wherein the engineered cell 

is allogeneic with reference to the subject. 

Embodiment 344: The method of any one of embodiments 335-343, wherein the method further 

comprises administering a checkpoint inhibitor. 

Embodiment 345: The method of embodiment 344, wherein the checkpoint inhibitor is selected 

from the group consisting of: an anti-PD-1 antibody, an anti-PD-L1 antibody, an anti-PD-L2 

antibody, an anti-CTLA-4 antibody, an anti-LAG-3 antibody, an anti-TIM-3 antibody, an anti-TIGIT 

antibody, an anti-VISTA antibody, an anti-KIR antibody, an anti-B7-H3 antibody, an anti-B7-H4 

antibody, an anti-HVEM antibody, an anti-BTLA antibody, an anti-GAL9 antibody, an anti-A2AR 

antibody, an anti-phosphatidylserine antibody, an anti-CD27 antibody, an anti-TNFa antibody, an 

anti-TREM1 antibody, and an anti-TREM2 antibody. 

Embodiment 346: The method of any one of embodiments 335-345, wherein the method further 

comprises administering an anti-CD40 antibody. 
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Embodiment 347: The method of any one of embodiments 336-346, wherein the tumor is 

selected from the group consisting of: an adenocarcinoma, a bladder tumor, a brain tumor, a breast 

tumor, a cervical tumor, a colorectal tumor, an esophageal tumor, a glioma, a kidney tumor, a liver 

tumor, a lung tumor, a melanoma, a mesothelioma, an ovarian tumor, a pancreatic tumor, a gastric 

tumor, a testicular yolk sac tumor, a prostate tumor, a skin tumor, a thyroid tumor, and a uterine 

tumor. 

Embodiment 348: The method of any one of embodiments 335-347, wherein the method further 

comprises administering a protease inhibitor. 

Embodiment 349: The method of embodiment 348, wherein the protease inhibitor is 

administered in a sufficient amount to repress a repressible protease. 

Embodiment 350: The method of embodiment 348 or 349, wherein the protease inhibitor is 

administered prior to, concurrently with, subsequent to administration of the engineered cells or the 

composition comprising the engineered cells. 

Embodiment 351: The method of embodiment 350, wherein the protease inhibitor is selected 

from the group consisting of: simeprevir, danoprevir, asunaprevir, ciluprevir, boceprevir, sovaprevir, 

paritaprevir, telaprevir, grazoprevir, glecaprevir, and voxiloprevir 

Embodiment 352: The method of embodiment 350, wherein the protease inhibitor is 

grazoprevir. 

Embodiment 353: The method of embodiment 350, wherein the protease inhibitor comprises 

grazoprevir and elbasvir. 

Embodiment 354: The method of embodiment 353, wherein the grazoprevir and the elbasvir is 

co-formulated in a pharmaceutical composition. 

Embodiment 355: The method of embodiment 354, wherein the pharmaceutical composition is 

a tablet. 

Embodiment 356: The method of embodiment 354 or 355, wherein the grazoprevir and the 

elbasvir are at a 2 to 1 weight ratio. 

Embodiment 357: The engineered nucleic acid of embodiment 356, wherein the grazoprevir is 

100 mg per unit dose and the elbasvir is 50 mg per unit dose. 

Embodiment 358: The method of any one of embodiments 335-347, wherein the method further 

comprises administering tamoxifen or a metabolite thereof. 

Embodiment 359: The method of embodiment 358, wherein the tamoxifen metabolite is 

selected from the group consisting of: 4-hydroxytamoxifen, N-desmethyltamoxifen, tamoxifen-N-

oxide, and endoxifen. 
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EXAMPLES 

[00620] Below are examples of specific embodiments for carrying out the present disclosure. The 

examples are offered for illustrative purposes only, and are not intended to limit the scope of the 

present disclosure in any way. Efforts have been made to ensure accuracy with respect to numbers 

used (e.g., amounts, temperatures, etc.), but some experimental error and deviation should, of course, 

be allowed for. 

[00621] The practice of the present disclosure 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 and Molecular 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 3rd Ed. (Plenum Press) Vols A and B(1992). 

Example 1: Regulation of effector gene expression via drug-inducible regulatable 

transcription factors 

[00622] An exemplary zinc finger transcription factor with a repressible protease and protease 

cleavage site (regulatable TF) to drive effector gene expression was constructed. The regulatable TF is 

a zinc-finger (ZF) DNA binding domain linked to an NS3 protease, NS3 cleavage site, and the 

activation domain of a transcription factor (FIG. 1A, the ZF domain is the circle shown on the left of 

the diagram in the top panel, the NS3 protease is the partial circle shown in the middle of the diagram 

in the top panel, and the activation domain is the square shown on the right of the diagram in the top 

panel). The full construct described in FIG. 1A is an example of activation-conditional control 

polypeptide (ACP). Expression of the regulatable TF is driven via the constitutive SFFV promoter. In 

untreated cells (e.g., in the absence of a protease inhibitor) the regulatable TF protein is made, but the 

NS3 protease self cleaves the activation domain from the ZF DNA binding domain of the regulatable 

TF protein, which inhibits the TF protein from inducing expression of an effector gene. However, in 

the presence of a protease inhibitor, such as asunaprevir (ASV), the NS3 protease is inhibited and the 

regulatable TF protein is stabilized. The regulatable TF then binds via the ZF DNA binding domain to 

a ZF-specific promoter region and drives expression of the effector gene. The ZF-specific DNA 

sequence is titled the BD (binding domain) in FIGs. 1, 2, 3, 4, and 5.  

[00623] In this example, a regulatable TF dual vector system was synthesized. In the dual vector 

system, the regulatable TF gene is in one expression vector, while the ZF-BD and effector gene are on 

a separate expression vector. In this example, two different ZF-BD and effector gene expression 

cassettes and vectors were made, one with a minCMV promoter (FIG. 1A) and one with a 
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minYB_TATA promoter (FIG. 1C). FIG. 1, panel A shows an exemplary schematic of a dual vector 

regulatable TF system with a minCMV promoter.  

[00624] Materials and Methods 

[00625] T cells were thawed and rested in X-Vivo 10TM (X Lonza) media with 10 U/mL hrIL-2 

(Day 0). On Day 1, T cells were activated with CD3/CD28 Dynabeads (Dynabeads T-activator) at a 

3:1 ratio and supplemented with 100 U/mL hrIL-2. On Day 2, T cells were co-transduced with the 

ACP TF vector and the ACP TF-inducible mCherry vector using lentiviral vectors at 1x105 GVs 

(GoStix value) units for each lentivirus. Dynabeads were removed on Day 3 and T cells were diluted 

to 1x106 cell/ml in fresh media 100 U/mL hrIL-2. On Day 6, T cells were passaged into fresh media 

X-vivo 10 with 100 U/mL hrIL-2 in the presence or absence of 2.5 µM asunaprevir (ASV). T cells 

were incubated for a further two days and then harvested on Day 8 for flow cytometry to assess 

mCherry expression.  

 

Results 

[00626] Both dual vector systems showed induction of mCherry expression in T cells upon 

asunaprevir addition (FIG. 1B and 1D). The cells expressing high levels of mCherry in each case 

likely represent the co-transduced cells that received both the regulatable TF and the mCherry vector. 

The minCMV dual vector system likely showed leaky expression of mCherry as the transduced but 

non-asunaprevir treated cells showed mCherry expression above the untransduced cells (FIG. 1B). In 

contrast, the minYB_TATA dual vector system shows minimal leaky expression as the transduced but 

non-asunaprevir treated cells showed little mCherry expression above the untransduced cells (FIG. 

1D). mCherry was expressed in the transduced cells once asunaprevir was added to inhibit 

degradation of the regulatable TF, indicating that the mCherry expression was largely due to 

regulatable TF-induced transcription.  

[00627] The minCMV dual vector system showed a higher mCherry expression in the induced 

state (asunaprevir treated cells) than the minYB_TATA system. Thus, altering the minimal promoter 

allowed for control over the dynamic range and baseline expression in cells expressing payloads 

regulated by the regulatable TF. 

Example 2: Single vector regulatable transcription factor regulation of IL-10 and IL-12 

expression 

[00628] A single vector TF and effector gene expression system was assessed. 

[00629] Materials and Methods 

[00630] Two regulatable TF and effector gene expression cassettes were constructed as shown in 

FIG. 2A and FIG. 3A. In FIG. 2A, an IL-10 effector gene with a minTK promoter and a 4x ZF 

binding sequence (ZF-BD) was arranged in a 3’ to 5’ orientation upstream of the 5’ end of a drug 

inducible promoter and the regulatable TF. In FIG. 3A, an IL-12 effector gene with a minTK 
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promoter and a 4x ZF binding sequence (ZF-BD) was arranged in a 3’ to 5’ orientation upstream of 

the 5’ end of a drug inducible promoter and the regulatable TF.  

[00631] T cells were thawed and rested in X-Vivo 10TM media with 10 U/mL hrIL-2 (Day 0). On 

Day 1, T cells were activated with a 3:1 incubation of CD3/CD28 Dynabeads and supplemented with 

100 U/mL hr IL-2. On Day 2, T cells were transduced with 1x105 GV units of a lentiviral vector 

containing the synTF (also referred to as Pro-Dial)-inducible IL-10 or IL-12 vector. A GFP lentiviral 

vector was used as a negative control. CD3/CD28 Dynabeads were removed on Day 4 and T cells 

were passaged. On Day 6, T cells were passaged into wells in the presence or absence of 2.5 µM 

asunaprevir in X-Vivo 10 media with 100 U/mL hrIL-2. Transduced T cells were incubated for a 

further two days and the supernatant collected via centrifugation for IL-10 or IL-12 quantification.  

[00632] For IL-10, supernatants were diluted 1/100 in PBS/BSA and analyzed using the human 

IL-10 Quantikine ELISA kit (R&D Systems, cat # D1000B).  

[00633] For IL-12, supernatants were diluted 1/100 in PBS/BSA and analyzed using the human 

IL-12 p70 Quantikine ELISA kit (R&D Systems, cat # D1200B). 

 

Results 

[00634] T cells transduced with the regulatable TF inducible IL-10 single vector showed a 6-fold 

increase in secreted IL-10 levels after addition of asunaprevir to inhibit the NS3 protease activity as 

compared to transduced T cells in the absence of asunaprevir (FIG. 2B). The control cells transduced 

with GFP vector produced no IL-10. Thus, the single vector regulatable TF system is capable of drug-

regulated cytokine production.  

[00635] In addition, T cells transduced with the regulatable TF inducible IL-12 single vector 

showed a 7.5 fold increase in secreted IL-12 levels after addition of asunaprevir to inhibit the NS3 

protease activity as compared to transduced T cells in the absence of asunaprevir (FIG. 3B). The 

control cells transduced with GFP vector produced no IL-12. Thus, the single vector regulatable TF 

system is capable of drug-regulated cytokine production of different cytokines. 

Example 3: Co-expression of single vector regulatable transcription factor and 

additional proteins 

[00636] A single vector regulatable TF and effector gene expression system with co-expression of 

an additional protein was assessed. 

[00637] Materials and Methods 

[00638] A regulatable TF and reporter gene expression cassette was constructed as shown in FIG. 

4A. The regulatable TF gene was linked to a myc-tagged chimeric antigen receptor (CAR) via a 2A 

linker at the 3’ end of the regulatable TF gene. An mCherry reporter gene with a minYB_TATA 

promoter and a 4x ZF binding sequence (ZF-BD) was arranged in a 3’ to 5’ orientation upstream of 

the 5’ end of a drug inducible promoter and the linked regulatable TF-CAR genes. 
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[00639] On Day 0, Jurkat cells were plated in RPMI (RPMI media) at 1x106 cells/ml in a 24 well 

plate (1ml/well). The Jurkat cells were transduced with 3x105 GVs units of virus/well. On Day 2, 

Jurkat cells were passaged into wells in the presence or absence of 2 µM asunaprevir. On Day 6, 

Jurkats were harvested for flow cytometry. Cells were stained with a-Myc-APC antibody (R&D 

Systems, cat # IC3696A), to assess the expression of the CAR. mCherry expression was also assessed. 

 

Results 

[00640] As shown in FIG. 4B, the myc-tagged CAR was expressed at similar levels in both the 

asunaprevir-treated cells and untreated cells, indicating that the regulatable TF can be co-expressed 

with a CAR in Jurkat cells. The presence and activity of the protease in the regulatable TF did not 

affect the expression or stability of the CAR protein linked to the regulatable TF. This indicates that 

the regulatable TF system can function in CAR-T cells. 

[00641] As shown in FIG. 4C, the addition of asunaprevir to inhibit the protease resulted in 

regulatable TF-induced expression of the mCherry reporter gene. Thus, the regulatable TF expression 

system can function correctly in the presence of an additional co-expressed protein to induce 

expression of an effector protein.  

Example 4: CAR and Payload Expression 

[00642] CAR and payload/cytokine expression was assessed in cells co-transduced with a CAR 

construct and effector gene expression systems for “armoring” cells. Payload/cytokine expression was 

assessed in cells transduced with an effector gene expression system with or without a CAR construct. 

Materials and Methods 

[00643] Effector gene (e.g., cytokine payload of interest) expression cassettes were constructed 

and cloned into a viral vector then used to produce payload virus, see Table 10. A CAR construct 

targeting GPC3, a protein highly and specifically expressed in liver cancer [ Sun et al, Medical 

Science Monitor, 2017], was constructed as shown in FIG. 6A (construct “1106”) and cloned into a 

viral vector and used to produce GPC3-CAR virus. The GPC3-CAR was fused to a YFP reporter to 

monitor expression. 

[00644] On Day 0, CD4/CD8 T cells (FL00711) were thawed and activated with Dynabeads (3:1) 

in complete T cell media (Optimizer+ Supplements–Gibco +5% human serum) + IL-2 (100 Units/ml). 

On Day 1, cells were transduced with 1x105 GV of payload virus +/- 1x105 GV of GPC3-CAR 

(construct 1106) virus. On Day 4, CAR transduction efficiency was assessed by flow cytometry 

(Cytoflex). Florescent median intensity (MFI) and percentage of cells expressing GPC3-CAR was 

analyzed by FlowJo. The cells were then transferred to Grex 24 (Wilson Wolf) in full T cell media + 

IL2 for further expansion. 

[00645] On day 8, cells were harvested from Grex plate and counted then 1x106 cells were spin 

down and resuspended in 1mL of Full T cells media without IL-2. Cells were seeded in a 24-well 
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plate for 48 hours. On day 10, supernatant was harvested and cells were counted from the 24-well 

plate to determine their viability. Cells were spun down and supernatant transferred to -80C for 

further processing by Luminex using Luminex 3plex (IL-12/21/15) kit (LXSAHM-03; R&D) for 

payload expression. 

[00646] For co-culturing experiments with target cells, 2.5x104 HepG2 cells/well were seeded for 

5hrs in full EMEM. Following which, EMEM was removed and 1x106 cells total transduced T cells 

were added in T cell media without IL-2 (4:1, E:T). Supernatant was harvested 48 hours later. Payload 

expression and T cell activation was assessed using Luminex-6plex kit (LXSAHM-06; R&D) (IL-

12/21/15/2/TNFa/IFNg). 

 

Table 10 – Effector gene constructs 

SB # Promoter Insert 

SB00171 SSFV IL12 

SB00862 SSFV ss12-IL12 

SB00880 SSFV ssIL12-T2A-ssIL21 

SB00868 SSFV IL21ss-IL21(ATUM) 

SB01335 SSFV ssIL-15 

SB01961 SSFV ss.IL21—Furin T2a —ss.mIgGk-IL15 

SB01965 SSFV IL12-Furin E2A-T2A- IL15 

 

Results 

[00647] CAR expression was assessed in cells also engineered to express an effector molecule 

(e.g., cytokine) payload. As shown in FIG. 6B and FIG. 7 (bottom panel), the GPC3-CAR was 

expressed in 25.0-58.2% of transduced cells 4 days after transduction. As shown in FIG. 7 (top 

panel), GPC3-CAR expression level as assessed by YFP MFI was generally comparable between 

transduction with GPC3-CAR virus only (“1106”) and the different payload constructs examined. As 

shown in Table 11, viability was also generally comparable between transduction with GPC3-CAR 

virus only (“1106”) and the different payload constructs examined. Accordingly, CAR expression and 

viability was not significantly altered by engineering with an armoring effector molecule payload. 
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Table 11- Cell line cytokine payloads and viability 

Cell line 
Viability 

(%) 
Cytokine 

NV 85  

1106 83  

171+1106 85 IL-12 

862+1106 83 IL-21 

868+1106 83 IL-12 

1335+1106 75 IL-15 

880+1106 76 IL-12/21 

1961+1106 82 IL-21/15 

1965+1106 81 IL-12/15 

 

[00648] Payload expression of cytokines was assessed in cells transduced with an armoring 

effector molecule expression system with or without cells also engineered to express a CAR construct. 

As shown in FIG. 8, payload cytokine expression was detected in all constructs encoding the cytokine 

payload of interest only (left panels: FIG. 8A – IL-12; FIG. 8B – IL-15; FIG. 8C – IL-21). 

Expression of cytokines was also generally better in constructs engineered to encode a single cytokine 

(left panels vs right panels). Notably, when co-transduced with the GPC3-CAR, cytokine levels were 

reduced generally by a log-fold or undetected (right panels: FIG. 8A – IL-12; FIG. 8B – IL-15; FIG. 

8C – IL-21). 

[00649] Payload expression of cytokines was next assessed when CAR T cells were co-cultured 

with target cells. As shown in FIG. 9, no significant change of payload cytokine expression for IL-12 

or IL-21 was observed in the presence of HepG2 cells, while expression of IL-15 was reduced by 

approximately 50% (top panels vs bottom panels: FIG. 9A – IL-12; FIG. 9B – IL-15; FIG. 9C – IL-

21). In addition to payload cytokine expression, production of additional T cell activation cytokines 

was assessed. As shown in FIG. 10, no significant change of TNFα, IFNγ, or IL-2 expression was 

observed in the presence of HepG2 cells target cells (top panels vs bottom panels: FIG. 10A – TNFα; 

FIG. 10B – IFNγ; FIG. 10C – IL-2). 

Example 5: In vivo CAR Activity in Co-Expression Systems 

[00650] CAR expression, payload/cytokine expression, and anti-tumor activity was assessed in 

cells co-transduced with a CAR construct and effector gene expression systems for “armoring” cells. 

Materials and Methods 

[00651] Effector gene (e.g., cytokine payload of interest) expression cassettes were constructed 

and cloned into a viral vector then used to produce payload virus, see Table 12. A CAR construct 

targeting GPC3, a protein highly and specifically expressed in liver cancer (Sun et al, Medical Science 
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Monitor, 2017), was constructed as shown in FIG. 11A (construct “1108”) and cloned into a viral 

vector and used to produce GPC3-CAR virus. The GPC3-CAR was fused to a YFP reporter to 

monitor expression. 

[00652] On day 0, 6x106 HepG2 fLuc cells were implanted (IP cavity) in NGS female mice. On 

day 7, body weight (BW) was measured and mice were randomized. On day 11, 5x106 CAR-T cells 

were injected IV. Mice were observed for overall health condition, BLI measurement, and body 

weight twice a week. Mice were also bled once a week into EDTA tubes and spun down to separate 

cells from plasma. Plasma frozen at -80C until Luminex analysis using a Luminex-6plex kit 

(LXSAHM-06; R&D) (IL-12/21/15/2/TNFa/IFNg) and the cell pellet was resuspended and processed 

for flow cytometry. Mice were sacrificed when body weight drops more than 15% of original weight. 

On day 45, all mice were sacrificed with tumors, lung, liver, and spleen were collected and fixed as 

well as tumors weighed. 

[00653] On Day 0, CD4/CD8 T cells (FL00711) were thawed and activated with Dynabeads (3:1) 

in complete T cell media (Optimizer+ Supplements–Gibco +5% human serum) + IL-2 (100 Units/ml). 

On Day 1, cells were transduced with 1x105 GV of payload virus +/- 1x105 GV of GPC3-CAR virus 

(construct “1108”). On Day 4, CAR transduction efficiency was assessed by flow cytometry 

(Cytoflex). Florescent median intensity (MFI) and percentage of cells expressing GPC3-CAR was 

analyzed by FlowJo. The cells were then transferred to Grex 24 (Wilson Wolf) in full T cell media + 

IL2 for further expansion. 

[00654] On day 9, cells were harvested from Grex plate and counted then 1x106 cells were spin 

down and resuspended in 1mL of Full T cells media without IL-2. Cells were seeded in a 24-well 

plate for 48 hours. On day 11, supernatant was harvested and cells were counted from the 24-well 

plate to determine their viability. Cells were spun down and supernatant transferred to -80C for 

further processing by Luminex using Luminex 3plex (IL-12/21/15) kit (LXSAHM-03; R&D) for 

payload expression. 

[00655] For ex vivo cell analysis, 1 ml PBS was added to blood samples, mixed and transferred to 

15 ml conical tubes then 2 ml/tube lysis buffer added. Tubes were inverted 2x to mix the incubate at 

RT for 5 min. Next, ~14 ml of FACS buffer wash was added and repeated 2x. At last spin, cells were 

resuspended in ~250-400ul and transferred to v-bottom plate, then washed with 400 ul/well PBS. 

Next, 100 ul/well of viability dye (zombieUV; Biolegend) was added and incubated at RT dark for 15 

min. Wells then received 200ul FACS buffer, spun at 400g 5 min, decanted, then 200 ul/well antibody 

mix added and incubated at RT for 45 min. Cells were washed with 200ul FACS buffer, spun at 400g 

5 min, decanted, and was repeated 2x. Cells were resuspended in 150 ul/well FACS buffer, transferred 

to u-bottom plate and read. Antibodies were purchased from Biolegend and included: mCD45 clone 

30-F11; hCD45 clone H130; hCD3 clone OKT3; hCD8 clone SK1. 
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Table 12 – Effector gene constructs 

SB # Promoter Insert 

SB00880 SSFV ssIL12-T2A-ssIL21 

SB00862 SSFV ss12-IL12 

SB00868 SSFV IL21ss-IL21(ATUM) 

SB01335 SSFV ssIL-15 

SB01478 SSFV ssIL21-T2A-IL15_ss+propeptideIL15_mature 

 

Results 

[00656] CAR expression was assessed in T cells also engineered to express an armoring cytokine 

payload. As shown in FIG. 11B, the GPC3-CAR was expressed in greater than 54% of all constructs 

examined, greater than 99% of 5 out of 6 constructs, 4 days after transduction. Payload expression of 

cytokines was next assessed. As shown in Table 13, the engineered CAR T cells expressed their 

respective payload cytokine. 

 

Table 13 – Cytokine expression (pg/ml) 
 

IL12 IL21 IL15 

NV 56.54 19.34 6.382 

1108 (CAR) 48.77 17.66 4.55 

CAR+ 862 48.77 152.5 6.945 

CAR+ 868 3348 70.14 6.94 

CAR+ 880 163.5 46.27 6.946 

CAR+1335 84.85 32.30 3165 

CAR+1874 n/a n/a n/a 

1478 - 456.1 70.64 

*Bold denotes constructs engineered to express the indicated cytokine 

 

[00657] Efficacy of the CAR T cells engineered with a armoring cytokine payload was then 

assessed. Mice treated with CAR-T cells + IL-12 (868) were sacrificed at day 21 and mice treated 

with CAR-T cells + IL-15/IL-21 (1478) were sacrificed at day 24 due to poor health conditions. As 

shown and summarized in FIG. 12, tumor sizes were assessed by BLI measurement on days 11, 14, 

21, and 24 for mice treated with T cells transduced without virus (FIG. 13A – left panel), GPC3-CAR 

T alone without a cytokine (FIG. 13A – right panel), or GPC3-CAR T engineered with an armoring 

cytokine (FIG. 13B – IL-12/IL-21 co-expression; FIG. 13C – IL-15; FIG. 13D – IL-12; FIG. 13E – 

IL-21). At low dose (5e6 cell/ml), T cells transduced without virus or with the GPC3-CAR alone 

demonstrated increased tumor burden. In contrast, T cells engineered to co-express the CAR and IL-

12/IL-21 (“880” FIG. 12; FIG. 13B) or IL-15 (“1335” FIG. 12; FIG. 13C) demonstrated tumor burden 

reduction by day 24. T cells engineered to co-express the CAR and IL-12 demonstrated initial tumor 

burden reduction (“868” FIG. 12; FIG. 13D), but the combination demonstrated high toxicity as mice 

were sacrificed due to poor health. T cells engineered to co-express the CAR and IL-21 demonstrated 
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overall tumor size maintenance (“862” FIG. 12) with tumor burden reduction detected in individual 

mice (FIG. 13E), potentially due to the low levels of the cytokine. Accordingly, the results indicate 

CAR T cells co-expressing select cytokines and cytokine combinations demonstrated efficacy in 

reducing tumor burden, but potentially present high toxicity suggesting that armoring cytokine 

expression may benefit from regulation. 

[00658] T cell activation cytokines was assessed in plasma of treated mice. As shown in FIG. 14, 

no significant detection of TNFα (FIG. 14A) or IL-2 (FIG. 14C) was observed on Day 14, 3 days 

after treatment (top panel). IFNγ (FIG. 14B) was observed in treatment groups expressing IL-12 

alone (“880”) or co-expressing IL-12/21 (“880”) on Day 14 (FIG. 14B - top panel). In contrast, TNFα 

(FIG. 14A - bottom panel) was observed in treatment groups that correlated with tumor reduction 

(“868”/“880”/“1335”; see FIG. 12 and FIG. 13) on Day 21, 10 days after treatment (bottom panel). 

IFNγ (FIG. 14B - bottom panel) was also observed in treatment groups that correlated with tumor 

reduction at Day 21, though notably higher detection (~10x) in IL-12 and IL-12/21 systems. IL-2 

(FIG. 14C - bottom panel) was also observed was in IL-12 and IL-12/21 systems at Day 21, with 

notably higher detection in the IL-12 alone system. Accordingly, the results indicate CAR T cells 

engineered to express select armoring cytokines and armoring cytokine combinations demonstrated 

production of T cell activation cytokines. 

[00659]  Payload expression of cytokines was also assessed in the plasma of treated mice. As 

shown in FIG. 15A, IL-12 was observed on Day 14, 3 days after treatment (top panel) and on Day 21, 

10 days after treatment (bottom panel) in IL-12 and IL-12/21 systems, though notably higher 

detection (~10x) in IL-12 alone. IL-12 expression also increased as the percentage of human CD45+ 

cells increased in mice (see below). As shown in FIG. 15B, IL-15 was observed on Day 14, 3 days 

after treatment (top panel) and on Day 21, 10 days after treatment (bottom panel) in the IL-15 system. 

IL-15 expression also increased as the percentage of human CD45+ cells increased in mice (see 

below), though more moderately than IL-12. Unexpectedly, IL-21 was only detected on Day 21, 10 

days after treatment (bottom panel) in the IL-12 system (“868”) and not in IL-21 alone or IL-12/IL-21 

co-expression systems (FIG. 15C). Accordingly, the results indicate CAR T cells engineered to 

express armoring cytokines demonstrated production of payload cytokines in select systems. 

[00660] Ex vivo analysis of T cell persistence was assessed. As shown in FIG. 16A, no or 

minimal human CD45+ CAR T cells were detected on Day 14, 3 days after treatment (right panel) 

correlating with no observed reduction in tumor size (left panel). In contrast, as shown in FIG. 16B, 

CD45+ CAR T cells were detected in the armored CAR systems (“868”/“880”/“1335”; right panel) 

that demonstrated tumor reduction (left panel), though notably all armored groups present high degree 

of toxicity, potentially due to GvHD. 
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Example 6: Tamoxifen Regulatable Transcription Factor Systems 

[00661] Payload expression was assessed using a regulatable TF expression system. 

 

Materials and Methods 

[00662] Various regulatable TF (also referred to as an activation-conditional control polypeptide 

(ACP) for drug-inducible formats or “synTF”) and expression cassettes were constructed as shown in 

FIG. 17A. Regulation of transcription factor activity was constructed through fusion of the zinc-

finger with P65 activation motif and an ERT2 sequence that allows tamoxifen-controlled nuclear 

localization of the regulatable TF (“565”). A reporter payload sequence was constructed under the 

inducible control (mCherry driven by YB-TATA promoter and a 4x ZF binding sequence “ZFBD”) 

on a separate construct from the regulatable TF, with (“2235”) or without (“1066”) a GPC3-CAR-

YFP construct expressed by an SFFV promoter in an opposite orientation. The cassettes were cloned 

into a viral vector and used to produce virus.  

[00663] On Day 0, CD4/CD8 T cells (FL00711) were thawed and activated with Dynabeads (3:1) 

in complete T cell media (Optimizer+ Supplements–Gibco +5% human serum) + IL-2 (100 Units/ml). 

On Day 2, cells were transduced with 1x105 GV of virus. On Day 7, 4-hydroxytamoxifen (4-OHT), 

N-desmethyltamoxifen, or endoxifen were added to each well at 1uM, 0.25uM, 0.1uM, or with no 

drug. Florescent median intensity (MFI) was assessed of Day 9. 

 

Results 

[00664] ERT2 regulatable TF systems were assessed using 4-hydroxytamoxifen (4-OHT), N-

desmethyltamoxifen, or endoxifen. As shown in FIG. 17B, 4-OHT treatment resulted in regulatable 

and titratable expression of the reporter either expressed alone (left panel) or expression from a 

construct also encoding a CAR construct (right panel). As shown in FIG. 17C, N-

desmethyltamoxifen treatment did not result expression of the reporter relative to the no-drug control, 

both expressed alone (left panel) and from a construct also encoding a CAR construct (right panel). 

As shown in FIG. 17D, endoxifen treatment resulted in regulatable and titratable expression of the 

reporter either expressed alone (left panel) or expression from a construct also encoding a CAR 

construct (right panel). A summary of the results is presented in FIG. 17E. As shown in FIG. 18 and 

FIG. 19, expression of the CAR was confirmed and comparable across the untreated and highest 

concentration drug treatments. Accordingly, the results indicate T cells can be engineered with an 

ERT2 regulatable TF system to produce regulatable and titratable expression of a payload using 4-

OHT or endoxifen, including in a CAR T system. 
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Example 7: Regulatable Transcription Factor Systems in Combination with CAR 

Expression 

[00665] Various strategies for the dual-engineering of CAR and regulatable TF expression 

systems was assessed. 

 

Materials and Methods 

[00666] Various strategies for dual-engineering of CAR and regulatable TF expression systems 

are shown in FIG. 20 and FIG. 21 describing the various orientations, components, and two vector 

constructions examined. 

[00667] On Day 0, CD4/CD8 T cells (FL00711) were thawed and activated with Dynabeads (3:1) 

in complete T cell media (Optimizer+ Supplements–Gibco +5% human serum) + IL-2 (100 Units/ml). 

On Day 2, cells were transduced with 1x105 GV of virus. On Day 7, 2uM Grazoprevir or no drug was 

added. Florescent median intensity (MFI) was assessed of Day 9. 

 

Results 

[00668] Various orientations, components, and two vector constructions were examined to assess 

expression of a CAR, and in particular if CAR expression is improved when encoded on the payload 

vector, regulated TF vector, or alone. As shown in FIG. 22, assessment of the various strategies 

described in FIG. 21 demonstrated CAR expression was only detected when encoded on the vector 

with the reporter payload, and not when on vector encoding the regulatable TF (ACP). As shown in 

FIG. 23A and FIG. 23B, a strategy encoding the payload and CAR on one vector and the regulatable 

TF on a separate vector resulted in about 50% of transduced cells expressing the CAR and reporter, 

with a large proportion co-expressing both. As shown in FIG. 24A and FIG. 24B, a strategy encoding 

the payload and regulatable TF on one vector and the CAR on a separate vector resulted in about 65% 

of transduced cells that express the CAR co-expressing the reporter, and about 35% of transduced 

cells expressing the reporter overall after induction. Accordingly, the results indicate (1) encoding 

CAR on the same vector as the payload and the regulatable TF on a separate vector produced more 

cells in an induced (payload/reporter positive) state; and (2) encoding the payload and regulatable TF 

on one vector and the CAR on a separate vector produced more CAR-expressing cells. 

 

Example 8: Regulatable Transcription Factor Systems Demonstrate Regulated 

Expression in vitro and in vivo 

[00669] Regulatable TF expression systems were assessed both in vitro and in vivo. 

 

Materials and Methods 

[00670] Schematics of the ACP for drug-inducible formats (also referred to as “synTF”) using an 

NS3/NS4 protease cleavage site and a VPR transcriptional effector domain (Construct “1845”) as well 
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as the expression cassette using a 4x BS minYB-TATA ACP-responsive promoter driving hIL-12 

effector molecule payload are shown in FIG. 25. A construct with hIL-12 driven by a constitutive 

SFFV promoter (Construct “171”) was also assessed. Relevant sequences of the constructs are 

provided in Table 14. 

 

Table 14 – ACP Sequences 

SB # Domain Sequence 

SB01845 Zinc 

Finger 

SRPGERPFQCRICMRNFSRRHGLDRHTRTHTGEKPFQCRICMR

NFSDHSSLKRHLRTHTGSQKPFQCRICMRNFSVRHNLTRHLRT

HTGEKPFQCRICMRNFSDHSNLSRHLKTHTGSQKPFQCRICMR

NFSQRSSLVRHLRTHTGEKPFQCRICMRNFSESGHLKRHLRTH

LRGS (SEQ ID NO: 88) 

SB01845 Spacer-

Cleavage 

Site-linker- 

Protease-

linker- 

Cleavage 

Site-spacer 

TCRDYKDHDGDYKDHDIDYKDDDDKMAPKKKRKVGIHGVPG

GLEGGGGSGGTEDVVCCHSIYGKKKGDIDTYRYIGSSGTGCVVI

VGRIVLSGSGTSAPITAYAQQTRGLLGCIITSLTGRDKNQVE

GEVQIVSTATQTFLATCINGVCWAVYHGAGTRTIASPKGPV

IQMYTNVDQDLVGWPAPQGSRSLTPCTCGSSDLYLVTRHA

DVIPVRRRGDSRGSLLSPRPISYLKGSSGGPLLCPAGHAVGL

FRAAVCTRGVAKAVDFIPVENLETTMRSPVFTDNSSPPAVTL

THPITKIDREVLYQEFDEMEECSQHYPYDVPDYAGGGGSGGT 

(SEQ ID NO: 89) 

SB01845 VPR See SEQ ID NO: 90 

SB01845 Full 

Construct 

(DNA) 

atgTCTAGACCCGGAGAGCGCCCATTCCAGTGTCGGATTTGC

ATGCGGAACTTTTCGAGAAGACACGGCCTGGACAGACATAC

CCGTACTCATACAGGTGAAAAACCCTTTCAGTGTCGGATCT

GTATGCGAAATTTCTCCGACCACAGCAGCCTGAAGAGACAT

CTACGTACCCACACCGGCAGCCAGAAGCCATTTCAGTGTCG

GATCTGTATGCGGAACTTCTCCGTGAGACACAACCTGACCA

GACATCTACGTACGCACACCGGAGAGAAGCCATTCCAATGC

CGAATATGCATGCGCAACTTCAGTGACCACAGCAACCTGAG

CAGACACCTAAAAACCCACACCGGTTCCCAGAAGCCATTTC

AGTGTCGGATCTGTATGCGGAACTTCTCCCAGCGCAGCAGC

CTGGTGAGACATCTACGTACGCACACCGGAGAGAAGCCATT

CCAATGCCGAATATGCATGCGCAACTTCAGTGAGAGCGGCC

ACCTGAAGAGACACCTGCGTACGCACCTGAGGGGATCCaCC

TGCAGGgactacaaagaccatgacggtgattataaagatcatgacatcgattacaaggatgac

gatgacaagatggcccccaagaaaaagaggaaggtgggcattcacggggtgccgggtggactc

gagggaggcggtggaagcggcggtaccGAGGACGTGGTGTGCTGCCACTC

AATCTACGGCAAGAAGAAGGGTGATATCGACACCTACCGAT

ACATAGGCTCTTCCGGGACAGGCTGCGTGGTCATAGTGGGC

AGGATCGTCTTGTCCGGATCCGGCACTAGTGCGCCCATCAC

GGCGTACGCCCAGCAGACGAGAGGCCTCCTAGGGTGTATAA

TCACCAGCCTGACTGGCCGGGACAAAAACCAAGTGGAGGG

TGAGGTCCAGATCGTGTCAACTGCTACCCAAACCTTCCTGG

CAACGTGCATCAATGGGGTATGCTGGGCAGTCTACCACGGG

GCCGGAACGAGGACCATCGCATCACCCAAGGGTCCTGTCAT

CCAGATGTATACCAATGTGGACCAAGACCTTGTGGGCTGGC

CCGCTCCTCAAGGTTCCCGCTCATTGACACCCTGTACCTGCG

GCTCCTCGGACCTTTACCTGGTCACGAGGCACGCCGATGTC

ATTCCCGTGCGCCGGCGAGGTGATAGTAGAGGCTCTCTGCT

GAGCCCCAGACCTATCAGCTACCTGAAGGGCTCTAGCGGCG
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GACCTCTGCTTTGTCCTGCTGGACATGCCGTGGGCCTGTTTA

GAGCCGCCGTGTGTACAAGAGGCGTGGCCAAAGCCGTGGA

CTTCATCCCCGTGGAAAACCTGGAAACCACCATGCGGAGCC

CCGTGTTCACCGACAATTCTAGCCCTCCAGCCGTGACACTG

ACACACCCCATCACCAAGATCGACAGAGAGGTGCTGTACCA

AGAGTTCGACGAGATGGAAGAGTGCAGCCAGCACTACCCCT

ACGACGTGCCAGATTATGCTGGCGGCGGAGGATCTGGCGGA

ACAGAAGCCTCTGGAAGCGGCAGAGCTGACGCCCTGGATG

ACTTCGACCTGGATATGCTGGGCAGCGACGCTCTGGACGAT

TTTGACCTCGACATGCTGGGATCTGATGCACTCGACGATTTC

GATTTGGACATGCTCGGCAGTGATGCCTTGGACGACTTTGA

TCTTGATATGCTCATCAACAGCCGGTCCAGCGGCAGCCCCA

AGAAAAAAAGAAAAGTGGGCTCCCAGTACCTGCCTGACAC

CGACGACAGACACCGGATCGAGGAAAAGCGGAAGCGGACC

TACGAGACATTCAAGAGCATCATGAAGAAGTCCCCATTCAG

CGGCCCCACCGATCCTAGACCTCCACCTAGAAGAATCGCCG

TGCCTAGCAGATCTAGCGCCTCCGTGCCTAAACCTGCTCCTC

AGCCTTATCCTTTCACCAGCAGCCTGAGCACCATCAACTAC

GACGAGTTCCCTACCATGGTGTTCCCCAGCGGCCAGATCTCT

CAGGCTTCTGCTCTTGCTCCAGCTCCTCCTCAGGTTCTGCCT

CAAGCTCCTGCACCAGCACCGGCTCCAGCTATGGTTTCTGCT

TTGGCTCAGGCCCCTGCTCCTGTGCCTGTTCTTGCTCCTGGA

CCACCTCAGGCTGTTGCTCCTCCTGCTCCAAAACCTACACAG

GCCGGCGAAGGCACACTGTCTGAAGCTCTGCTGCAGCTCCA

GTTCGATGACGAAGATCTGGGCGCCCTGCTGGGCAATTCTA

CAGATCCTGCCGTGTTTACCGATCTGGCCAGCGTGGACAAC

AGCGAGTTTCAGCAGCTCCTGAATCAGGGCATCCCTGTGGC

TCCTCACACCACCGAACCTATGCTGATGGAATACCCCGAGG

CCATCACCAGACTGGTCACCGGTGCTCAAAGACCACCTGAT

CCAGCTCCAGCACCACTGGGAGCACCTGGACTGCCTAATGG

ACTGCTGTCTGGCGACGAGGACTTCAGCTCTATCGCCGACA

TGGATTTCTCTGCCCTGCTCGGCTCTGGCAGCGGCTCTAGAG

ATAGCAGAGAAGGCATGTTCCTGCCTAAGCCTGAGGCCGGC

TCTGCCATCTCCGATGTGTTCGAGGGAAGAGAAGTGTGCCA

GCCTAAGCGGATCCGGCCTTTTCACCCTCCTGGAAGCCCTTG

GGCCAACAGACCTCTGCCTGCTTCTCTGGCCCCTACACCAAC

AGGACCTGTGCACGAACCTGTGGGCAGTCTGACCCCAGCTC

CTGTTCCTCAACCTCTGGATCCCGCTCCTGCTGTGACACCTG

AAGCCTCTCATCTGCTGGAAGATCCCGACGAAGAGACAAGC

CAGGCCGTGAAGGCCCTGAGAGAAATGGCCGACACAGTGA

TCCCTCAGAAAGAGGAAGCCGCCATCTGCGGACAGATGGAC

CTGTCTCATCCTCCACCAAGAGGCCACCTGGACGAGCTGAC

AACCACACTGGAATCCATGACCGAGGACCTGAACCTGGACA

GCCCTCTGACACCCGAGCTGAACGAGATCCTGGACACCTTC

CTGAACGACGAGTGTCTGCTGCACGCCATGCACATCTCTAC

CGGCCTGAGCATCTTCGACACCAGCCTGTTTTGA (SEQ ID 

NO: 91) 

SB02357 ACP-

responsive 

promoter 

cgggtttcgtaacaatcgcatgaggattcgcaacgccttcGGCGTAGCCGATGTCGC

GctcccgtctcagtaaaggtcGGCGTAGCCGATGTCGCGcaatcggactgccttc

gtacGGCGTAGCCGATGTCGCGcgtatcagtcgcctcggaacGGCGTAGC

CGATGTCGCGcattcgtaagaggctcactctcccttacacggagtggataACTAGTT

CTAGAGGGTATATAATGGGGGCCA (SEQ ID NO: 92) 

SB02357 inducible 

promoter 

IL12  

cgggtttcgtaacaatcgcatgaggattcgcaacgccttcGGCGTAGCCGATGTCGC

GctcccgtctcagtaaaggtcGGCGTAGCCGATGTCGCGcaatcggactgccttc

gtacGGCGTAGCCGATGTCGCGcgtatcagtcgcctcggaacGGCGTAGC
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(4x ZF BS 

YB-TATA 

IL12) 

CGATGTCGCGcattcgtaagaggctcactctcccttacacggagtggataACTAGTT

CTAGAGGGTATATAATGGGGGCCAACGCGTGCCGCCACCAT

GTGCCATCAGCAACTCGTCATCTCCTGGTTCTCCCTTGTGTT

CCTCGCTTCCCCTCTGGTCGCCATTTGGGAACTGAAGAAGG

ACGTCTACGTGGTCGAGCTGGATTGGTACCCGGACGCCCCT

GGAGAAATGGTCGTGCTGACTTGCGATACGCCAGAAGAGG

ACGGCATAACCTGGACCCTGGATCAGAGCTCCGAGGTGCTC

GGAAGCGGAAAGACCCTGACCATTCAAGTCAAGGAGTTCG

GCGACGCGGGCCAGTACACTTGCCACAAGGGTGGCGAAGT

GCTGTCCCACTCCCTGCTGCTGCTGCACAAGAAAGAGGATG

GAATCTGGTCCACTGACATCCTCAAGGACCAAAAAGAACCG

AAGAACAAGACCTTCCTCCGCTGCGAAGCCAAGAACTACAG

CGGTCGGTTCACCTGTTGGTGGCTGACGACAATCTCCACCG

ACCTGACTTTCTCCGTGAAGTCGTCACGGGGATCAAGCGAT

CCTCAGGGCGTGACCTGTGGAGCCGCCACTCTGTCCGCCGA

GAGAGTCAGGGGAGACAACAAGGAATATGAGTACTCCGTG

GAATGCCAGGAGGACAGCGCCTGCCCTGCCGCGGAAGAGT

CCCTGCCTATCGAGGTCATGGTCGATGCCGTGCATAAGCTG

AAATACGAGAACTACACTTCCTCCTTCTTTATCCGCGACATC

ATCAAGCCTGACCCCCCCAAGAACTTGCAGCTGAAGCCACT

CAAGAACTCCCGCCAAGTGGAAGTGTCTTGGGAATATCCAG

ACACTTGGAGCACCCCGCACTCATACTTCTCGCTCACTTTCT

GTGTGCAAGTGCAGGGAAAGTCCAAACGGGAGAAGAAAGA

CCGGGTGTTCACCGACAAAACCTCCGCCACTGTGATTTGTC

GGAAGAACGCGTCAATCAGCGTCCGGGCGCAGGATAGATA

CTACTCGTCCTCCTGGAGCGAATGGGCCAGCGTGCCTTGTTC

CGGTGGCGGATCAGGCGGAGGTTCAGGAGGAGGCTCCGGA

GGAGGTTCCCGGAACCTCCCTGTGGCAACCCCCGACCCTGG

AATGTTCCCGTGCCTACACCACTCCCAAAACCTCCTGAGGG

CTGTGTCGAACATGTTGCAGAAGGCCCGCCAGACCCTTGAG

TTCTACCCCTGCACCTCGGAAGAAATTGATCACGAGGACAT

CACCAAGGACAAGACCTCGACCGTGGAAGCCTGCCTGCCGC

TGGAACTGACCAAGAACGAATCGTGTCTGAACTCCCGCGAG

ACAAGCTTTATCACTAACGGCAGCTGCCTGGCGTCGAGAAA

GACCTCATTCATGATGGCGCTCTGTCTTTCCTCGATCTACGA

AGATCTGAAGATGTATCAGGTCGAGTTCAAGACCATGAACG

CCAAGCTGCTCATGGACCCGAAGCGGCAGATCTTCCTGGAC

CAGAATATGCTCGCCGTGATTGATGAACTGATGCAGGCCCT

GAATTTCAACTCCGAGACTGTGCCTCAAAAGTCCAGCCTGG

AAGAACCGGACTTCTACAAGACCAAGATCAAGCTGTGCATC

CTGTTGCACGCTTTCCGCATTCGAGCCGTGACCATTGACCGC

GTGATGTCCTACCTGAACGCCAGTtaa (SEQ ID NO: 150161) 

SB02357 

and 

SB00171 

hIL-12 

protein 

MCHQQLVISWFSLVFLASPLVAIWELKKDVYVVELDWYPDAP

GEMVVLTCDTPEEDGITWTLDQSSEVLGSGKTLTIQVKEFGDA

GQYTCHKGGEVLSHSLLLLHKKEDGIWSTDILKDQKEPKNKTF

LRCEAKNYSGRFTCWWLTTISTDLTFSVKSSRGSSDPQGVTCG

AATLSAERVRGDNKEYEYSVECQEDSACPAAEESLPIEVMVDA

VHKLKYENYTSSFFIRDIIKPDPPKNLQLKPLKNSRQVEVSWEY

PDTWSTPHSYFSLTFCVQVQGKSKREKKDRVFTDKTSATVICR

KNASISVRAQDRYYSSSWSEWASVPCSGGGSGGGSGGGSGGG

SRNLPVATPDPGMFPCLHHSQNLLRAVSNMLQKARQTLEFYP

CTSEEIDHEDITKDKTSTVEACLPLELTKNESCLNSRETSFITNG

SCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAKLLMDPK

RQIFLDQNMLAVIDELMQALNFNSETVPQKSSLEEPDFYKTKIK

LCILLHAFRIRAVTIDRVMSYLNAS (SEQ ID NO: 93) 
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SB02357  

 

hIL-12 

DNA 

 

(codon 

optimized) 

ATGTGCCATCAGCAACTCGTCATCTCCTGGTTCTCCCTTGTG

TTCCTCGCTTCCCCTCTGGTCGCCATTTGGGAACTGAAGAAG

GACGTCTACGTGGTCGAGCTGGATTGGTACCCGGACGCCCC

TGGAGAAATGGTCGTGCTGACTTGCGATACGCCAGAAGAGG

ACGGCATAACCTGGACCCTGGATCAGAGCTCCGAGGTGCTC

GGAAGCGGAAAGACCCTGACCATTCAAGTCAAGGAGTTCG

GCGACGCGGGCCAGTACACTTGCCACAAGGGTGGCGAAGT

GCTGTCCCACTCCCTGCTGCTGCTGCACAAGAAAGAGGATG

GAATCTGGTCCACTGACATCCTCAAGGACCAAAAAGAACCG

AAGAACAAGACCTTCCTCCGCTGCGAAGCCAAGAACTACAG

CGGTCGGTTCACCTGTTGGTGGCTGACGACAATCTCCACCG

ACCTGACTTTCTCCGTGAAGTCGTCACGGGGATCAAGCGAT

CCTCAGGGCGTGACCTGTGGAGCCGCCACTCTGTCCGCCGA

GAGAGTCAGGGGAGACAACAAGGAATATGAGTACTCCGTG

GAATGCCAGGAGGACAGCGCCTGCCCTGCCGCGGAAGAGT

CCCTGCCTATCGAGGTCATGGTCGATGCCGTGCATAAGCTG

AAATACGAGAACTACACTTCCTCCTTCTTTATCCGCGACATC

ATCAAGCCTGACCCCCCCAAGAACTTGCAGCTGAAGCCACT

CAAGAACTCCCGCCAAGTGGAAGTGTCTTGGGAATATCCAG

ACACTTGGAGCACCCCGCACTCATACTTCTCGCTCACTTTCT

GTGTGCAAGTGCAGGGAAAGTCCAAACGGGAGAAGAAAGA

CCGGGTGTTCACCGACAAAACCTCCGCCACTGTGATTTGTC

GGAAGAACGCGTCAATCAGCGTCCGGGCGCAGGATAGATA

CTACTCGTCCTCCTGGAGCGAATGGGCCAGCGTGCCTTGTTC

CGGTGGCGGATCAGGCGGAGGTTCAGGAGGAGGCTCCGGA

GGAGGTTCCCGGAACCTCCCTGTGGCAACCCCCGACCCTGG

AATGTTCCCGTGCCTACACCACTCCCAAAACCTCCTGAGGG

CTGTGTCGAACATGTTGCAGAAGGCCCGCCAGACCCTTGAG

TTCTACCCCTGCACCTCGGAAGAAATTGATCACGAGGACAT

CACCAAGGACAAGACCTCGACCGTGGAAGCCTGCCTGCCGC

TGGAACTGACCAAGAACGAATCGTGTCTGAACTCCCGCGAG

ACAAGCTTTATCACTAACGGCAGCTGCCTGGCGTCGAGAAA

GACCTCATTCATGATGGCGCTCTGTCTTTCCTCGATCTACGA

AGATCTGAAGATGTATCAGGTCGAGTTCAAGACCATGAACG

CCAAGCTGCTCATGGACCCGAAGCGGCAGATCTTCCTGGAC

CAGAATATGCTCGCCGTGATTGATGAACTGATGCAGGCCCT

GAATTTCAACTCCGAGACTGTGCCTCAAAAGTCCAGCCTGG

AAGAACCGGACTTCTACAAGACCAAGATCAAGCTGTGCATC

CTGTTGCACGCTTTCCGCATTCGAGCCGTGACCATTGACCGC

GTGATGTCCTACCTGAACGCCAGTTAA (SEQ ID NO: 94) 

SB00171 hIL-12 

DNA 

ATGTGCCATCAGCAGCTTGTCATATCTTGGTTTTCACTTGTA

TTCCTGGCCAGCCCTTTGGTTGCGATCTGGGAGCTCAAGAA

GGATGTGTACGTTGTAGAGCTGGACTGGTACCCCGATGCTC

CCGGTGAGATGGTCGTTTTGACATGTGACACTCCAGAAGAG

GACGGTATTACGTGGACTCTGGACCAGTCCTCCGAAGTTCTT

GGTTCTGGTAAGACTCTGACTATCCAGGTGAAAGAATTTGG

GGATGCGGGACAATACACATGCCACAAGGGAGGCGAGGTG

TTGTCTCATAGTTTGCTGCTTCTCCACAAGAAAGAGGATGG

AATCTGGAGCACCGACATACTCAAGGATCAAAAGGAACCC

AAAAATAAGACATTTCTGCGATGTGAGGCTAAGAACTATAG

TGGCCGCTTCACTTGTTGGTGGCTGACTACCATCAGCACAG

ATCTCACGTTTTCAGTAAAAAGTAGTAGAGGTTCAAGTGAT

CCTCAAGGGGTAACGTGCGGTGCTGCAACACTGTCTGCTGA

ACGCGTAAGAGGAGATAATAAGGAGTACGAGTATTCCGTA

GAATGCCAAGAGGACAGTGCTTGTCCTGCGGCCGAGGAGTC
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TCTCCCAATAGAAGTGATGGTGGACGCGGTGCATAAACTGA

AATATGAGAACTACACAAGCAGTTTTTTTATAAGAGATATC

ATCAAGCCCGATCCGCCGAAGAATTTGCAACTTAAACCGCT

TAAAAACTCACGCCAGGTTGAAGTATCCTGGGAGTATCCGG

ATACATGGTCAACACCACACAGCTATTTTTCCCTTACCTTCT

GTGTGCAGGTCCAAGGGAAGAGCAAAAGGGAGAAGAAGGA

CAGGGTATTCACTGATAAAACTTCCGCGACGGTCATCTGCC

GAAAAAACGCTAGTATATCTGTACGGGCGCAGGATAGGTAC

TATAGTTCTTCTTGGTCTGAGTGGGCCTCAGTTCCGTGCTCT

GGGGGAGGAAGTGGAGGAGGGTCCGGCGGTGGAAGCGGGG

GAGGGAGTCGCAACTTGCCAGTGGCTACACCAGATCCAGGC

ATGTTTCCATGTCTGCATCATTCCCAGAATCTCCTGAGAGCG

GTGTCAAATATGCTCCAAAAAGCGAGACAAACACTGGAATT

TTACCCGTGTACCAGTGAGGAGATTGATCACGAGGACATAA

CCAAGGACAAGACCTCAACTGTAGAAGCGTGTTTGCCGCTG

GAGTTGACTAAGAATGAGTCCTGCCTCAATTCCAGAGAAAC

TTCATTCATTACTAACGGCAGTTGTCTTGCATCCCGGAAAAC

GTCCTTTATGATGGCCCTTTGCCTTAGTTCAATTTACGAGGA

TCTTAAAATGTATCAAGTGGAGTTTAAAACCATGAATGCTA

AACTTCTTATGGACCCCAAACGACAAATTTTTCTGGATCAG

AATATGCTTGCCGTGATAGACGAACTCATGCAGGCGCTTAA

TTTTAACTCCGAAACAGTTCCACAAAAATCTAGCCTTGAAG

AACCTGATTTTTATAAAACGAAGATTAAACTGTGTATCCTGC

TGCATGCCTTTCGCATCCGAGCTGTCACAATCGATAGGGTTA

TGTCCTACCTTAACGCGAGCtaG (SEQ ID NO: 95) 

 

[00671] For in vitro assessment, on Day 0, CD4/CD8 T cells (FL00711) were thawed and 

activated with Dynabeads (3:1) in complete T cell media (Optimizer+ Supplements–Gibco 

+5% human serum) + IL-2 (100 Units/ml). On Day 2, cells were transduced with 1x105 GV 

of virus encoding the constructs described above. On Day 7, 0.1uM Grazoprevir (GRZ), 

0.5uM Grazoprevir, or no drug was added. Transduced T cells were incubated for a further 

two days and the supernatant collected via centrifugation for IL-12 quantification. For IL-12, 

supernatants were diluted 1/100 in PBS/BSA and analyzed using the human IL-12 p70 

Quantikine ELISA kit (R&D Systems, cat # D1200B). 

[0001] For in vivo assessment, T cells were transduced with SB01845 & SB02357, each at an 

estimated MOI of 5 based on viral titering in HEK cells. Positive control T cells were 

transduced with 5 MOI of SB00171, encoding constitutive hIL-12 (driven by SFFV). 

Negative controls were untransduced T cells. The number of lentiviral genomes integrated 

into the T cells was analyzed in bulk by PCR (copy # assay). NSG mice were randomized on 

day -2 and vehicle or Grazoprevir (Grz) dosing began in the afternoon on day 1 (Vehicle: 

2.5% DMSO, 30% PEG400, 67.5% PBS). Grazoprevir potassium salt was dissolved 

sequentially in DMSO, PEG400, and PBS to reach 10mg/mL. Dosing: Drug treated mice 

received 25mg/kg Grz at each dosing time point; vehicle treated mice received equivalent 
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volume of vehicle; all Grz dosing administered IP. Dosing continued BID on days 2-4. On 

day 2, 20e6 T cells per mouse were injected by tail vein injection after the AM drug dosing. 

Mice were bled on day 4 and sacrificed/bled on day 5. Luminex assay was run to assess 

levels of hIL-12 in mouse plasma. Presence of human T cells in mouse blood was analyzed 

by flow cytometry. The treatment groups are presented in Table 15. 

 

Table 15 – Murine Regulated Armoring Treatment Groups 

Treatment 

(IV) 

Drug 

(IP) 

Concentration Frequency of 

Dose 

non-engineered T cells Vehicle - BID 

non-engineered T cells Grazoprevir 25 mg/kg BID 

constitutive IL12 T cells Vehicle - BID 

constitutive IL12 T cells Grazoprevir 25 mg/kg BID 

inducible IL12 T cells Vehicle - BID 

inducible IL12 T cells Grazoprevir 25 mg/kg BID 

 

Results 

[00672] As shown in FIG. 26, a regulated expression system with an ACP for drug-

inducible formats (also referred to as “synTF”) using an NS3/NS4 protease cleavage site and 

a VPR transcriptional effector domain (Construct “1845”) as well as the expression cassette 

using a 4x BS minYB-TATA ACP-responsive promoter driving hIL-12 effector molecule 

payload resulted in titratable hIL-12 secretion in vitro upon addition of increasing amounts of 

GRZ, with minimal hIL-12 detected in the absence of drug and no detectable hIL-12 in the 

absence of virus. 

[00673] Next, the constructs were assessed in vivo. The experimental design is shown in 

FIG. 27. T cells were assessed following transduction and injection. As shown in Table 16, 

T cells with the regulatable system demonstrated ~2.5 lower copy number viral copy number 

relative to the constitutive system, indicating lower transduction efficiency. As shown in 

FIG. 28, T cells at day 9 also demonstrated ~2-fold expansion in the regulatable system 

compared to the no virus control, potentially due to transduction with two viruses. As shown 

in FIG. 29, T cells from each group demonstrated similar glucose profiles, indicating T cell 

growth and metabolism was generally equivalent across all groups. Next, production of hIL-

12 in vivo was assessed. As shown in FIG. 30, T cells were equally present for each group 

demonstrating that the regulatable armoring system did not alter T cell longevity in vivo. As 
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shown in FIG. 31, administration of GRZ lead to detectable hIL-12 in the plasma of mice 

(~100-fold above vehicle) indicating the regulatable system provided a drug-inducible in vivo 

format for the regulated armoring of T cells. 

 

Table 16 – Viral Copy Number 

Description Copy Number 
(copies/cell) 

No virus (non-engineered) UND 
SB00171 - constitutive IL12 T cells 8.8 

SB01845+2357 - inducible IL12 T cells 3.4 
 

Example 9: Activation Inducible System 

[00674] Enhancers that turn on transcription when CAR-T are activated by target cells are 

assessed. 

 

Materials and Methods 

[00675] Library Generation: A library of 15,000 enhancers linked to a minimal promoter 

(late Ade minimal promoter) was generated to screen for enhancers that turn on transcription 

when CAR-T are activated by target cells. Enhancers that were enriched in the ATAC-seq of 

activated T cells (Gate et al. Nat Genet. Author manuscript; available in PMC 2019 Jan 9; 

herein incorporated by reference for all purposes) were chosen for the library (all enhancers 

<400 bp were used). Length of library members is 199 bp, thus for enhancers longer than 

199bp tiling was used to cover 2 regions of each enhancer with as much overlap as possible. 

Top upregulated genes in single-cell RNA seq data (Xhangolli et al. Genomics Proteomics 

Bioinformatics. 2019 Apr;17(2):129-139. doi: 10.1016/j.gpb.2019.03.002; herein 

incorporated by reference for all purposes) were searched in the HACER database of human 

enhancers and enhancers from those genes were chosen. Synthetic enhancers were designed 

using pairs of transcription factors known from the literature to be upregulated in activated T 

cells. 4 binding sites for each TF were used to generate the synthetic enhancers (either 

aaaabbbb or abababab). All possible pairs from the following list of TFs were included: 

ATF2, ATF7, BACH1, BATF, Bcl-6, Blimp-1, BMI1, CBFB, CREB1, CREM, CTCF, E2F1, 

EBF1, EGR1, ETV6, FOS, FOXA1, FOXA2, GATA3, HIF1A, IKZF1, IKZF2, IRF4, JUN, 

JUNB, JUND, Lef1, NFAT, NFIA, NFIB, NFKB, NR2F1, Nur77, PU.1, RELA, RUNX3, 

SCRT1, SCRT2, SP1, STAT4, STAT5A, T-Bet, Tcf7, ZBED1, ZNF143, and ZNF217. 
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[00676] Candidate Selection: Using bioinformatic analysis of single-cell RNA-seq data 

and ATAC-seq data of activated and resting T cells, candidate enhancers were chosen to 

screen in parallel with the library. Using the single-cell RNA-seq data, transcription factors 

upregulated during CAR-T activation were identified. The ATAC-seq open enhancer regions 

were screened for binding sites of these upregulated transcription factors and a subset of these 

enhancers were chosen as candidates. Using the single-cell RNA-seq data, top genes 

upregulated in activated CAR-T relative to resting CAR-T were identified and the 2kb region 

upstream of those genes in the genome were chosen as candidate promoters. 

[00677] Screening: The library and selected candidates are screened by flow sorting (min 

promoter drives expression of a fluorescent mKate protein). Activated or not activated 

(resting) T cells are analyzed by flow cytometry, sorted for high/low expression, and 

compared by NGS which promoters are identified in the high bin in activated but not resting 

T cells. 

 

Results 

[00678] A library of enhancer and selected candidates are screened for enhancing 

transcription when CAR-T are activated by target cells. Enhancers that turn on transcription 

when CAR-T are activated by target cells are identified. 

 

Example 10: IL-12 and IL-15 Drug-inducible Expression Systems in T Cells 

[00679] IL-12 and/or IL-15 payload expression was assessed in T cells for various 

regulatable TF expression system strategies. The strategies included co-expression of CAR 

constructs and CAR activity was assessed. 

 

Materials and Methods 

[00680] For in vitro assessment, on Day 0, CD4/CD8 T cells (donor derived) were thawed, 

seeded at 1e6 cells/mL/well in a 24 well-plate, and activated with anti-CD3/CD28 Dynabeads 

(3:1 bead to cell) in complete T cell media (Optimizer+ Supplements–Gibco +5% human 

serum) + rhIL-2 (100 Units/ml; Peprotech). On Day 1, 0.5ml media was removed and cells 

were transduced with 3e5 pg of virus for each the constructs indicated (relevant sequences of 

the constructs are provided in Table 17). On Day 2, 1.5mL of Optimizer media + 100U/mL 

rhIL-2 was added. Day 4 cells were counted and 1e6 cells/well were transferred to a 24 well 

Grex plate at a final volume of 8mL. On Day 8, 6mL of media was removed from the wells 
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and cells counted then seeded at a concentration of 1e6 cells/mL in fresh media with 

grazoprevir (2, 1, 0.5, 0.1, 0.05, 0.01µM and no drug). Two parallel plates of cells were 

seeded for determining payload induction and T-cell killing. On Day 8, cells were also 

assessed for CAR expression by flow cytometry. Transduced T cells were incubated for a 

further two days and the supernatant collected via centrifugation for IL-12 and IL-15 

quantification. For IL-12 and IL-15, supernatants analyzed by Luminex (R&D IL12/IL15). 

[00681] For T cell killing assays, on Day 0 T cells were seeded at 1e6/mL +/- 2µM of 

GRZ for 48 hours to induce payload. On Day 2, target cells were counted and 35K were 

seeded per well in a 96 well plate for 4-6hrs in target cell media. Then target cell media was 

removed and T cells were counted and 35K CAR normalized T cells were seeded [E:T – 1:1] 

in 200ul of Optimizer media overnight. On Day 3, cells were transferred to a V-bottom plate, 

spun down, and supernatant harvested to determine killing activity using an LDH assay 

(CyQUANT LDH Cytotoxicity Assay; Life Technologies). 

 

Table 17 – IL-12 and IL-15 Regulatable TF Expression Constructs 

SB # Domain Sequence 

SB01845 
 

See Table 14 above for various constructs sequences 

SB02110 3x Flag 

NLS ZF 

MDYKDDDDKDYKDDDDKDYKDDDDKPKKKRKVSRPGERPFQCRI

CMRNFSRRHGLDRHTRTHTGEKPFQCRICMRNFSDHSSLKRHLRTH

TGSQKPFQCRICMRNFSVRHNLTRHLRTHTGEKPFQCRICMRNFSD

HSNLSRHLKTHTGSQKPFQCRICMRNFSQRSSLVRHLRTHTGEKPF

QCRICMRNFSESGHLKRHLRTHLRGS (SEQ ID NO: 132) 

SB02110 NS3 cutsite 

and linker 

EDVVCCHSIYGKKKGDIDTYRYIGSSGTGCVVIVGRIVLSGSGTS 

(SEQ ID NO: 133) 

SB02110 NS3 

protease 

APITAYAQQTRGLLGCIITSLTGRDKNQVEGEVQIVSTATQTFLATCI

NGVCWAVYHGAGTRTIASPKGPVIQMYTNVDQDLVGWPAPQGSR

SLTPCTCGSSDLYLVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSSG

GPLLCPAGHAVGLFRAAVCTRGVAKAVDFIPVENLETTMRSPVFTD

(SEQ ID NO: 134) 

SB02110 NS3 cutsite 

and linker 

NSSPPAVTLTHPITKIDREVLYQEFDEMEECSQH (SEQ ID NO: 135) 

SB02110 VPR See SEQ ID NO: 90 

SB02110 Full-length 

cassette 

(DNA) 

ATGGACTACAAGGACGACGACGACAAGGATTACAAGGATGATG

ATGATAAGGACTATAAGGACGATGATGACAAACCCAAGAAGAA

GCGGAAGGTTTCCCGGCCTGGCGAGAGGCCTTTCCAGTGCAGAA

TCTGCATGCGGAACTTCAGCAGACGGCACGGCCTGGACAGACAC

ACCAGAACACACACAGGCGAGAAACCCTTCCAGTGCCGGATCT

GTATGAGAAATTTCAGCGACCACAGCAGCCTGAAGCGGCACCTG

AGAACCCATACCGGCAGCCAGAAACCATTTCAGTGTAGGATATG

CATGCGCAATTTCTCCGTGCGGCACAACCTGACCAGACACCTGA

GGACACACACCGGGGAGAAGCCTTTTCAATGTCGCATATGCATG

AGAAACTTCTCTGACCACTCCAACCTGAGCCGCCACCTCAAAAC

CCACACCGGCTCTCAAAAGCCCTTCCAATGTAGAATATGTATGA

GGAACTTTAGCCAGCGGAGCAGCCTCGTGCGCCATCTGAGAACT



180 

 

CACACTGGCGAAAAGCCGTTTCAATGCCGTATCTGTATGCGCAA

CTTTAGCGAGAGCGGCCACCTGAAGAGACATCTGCGCACACACC

TGAGAGGCAGCGAGGATGTCGTGTGCTGCCACAGCATCTACGGA

AAGAAGAAGGGCGACATCGACACCTATCGGTACATCGGCAGCA

GCGGCACAGGCTGTGTTGTGATCGTGGGCAGAATCGTGCTGAGC

GGCTCTGGAACAAGCGCCCCTATCACAGCCTACGCTCAGCAGAC

AAGAGGCCTGCTGGGCTGCATCATCACAAGCCTGACCGGCAGA

GACAAGAACCAGGTGGAAGGCGAGGTGCAGATCGTGTCTACAG

CTACCCAGACCTTCCTGGCCACCTGTATCAATGGCGTGTGCTGG

GCCGTGTATCACGGCGCTGGCACAAGAACAATCGCCTCTCCAAA

GGGCCCCGTGATCCAGATGTACACCAACGTGGACCAGGACCTCG

TTGGCTGGCCTGCTCCTCAAGGCAGCAGAAGCCTGACACCTTGC

ACCTGTGGCTCCAGCGATCTGTACCTGGTCACCAGACACGCCGA

CGTGATCCCTGTCAGAAGAAGAGGGGATTCCAGAGGCAGCCTG

CTGAGCCCTAGACCTATCAGCTACCTGAAGGGCAGCTCTGGCGG

ACCTCTGCTTTGTCCTGCTGGACATGCCGTGGGCCTGTTTAGAGC

CGCCGTGTGTACAAGAGGCGTGGCCAAAGCCGTGGACTTCATCC

CCGTGGAAAACCTGGAAACCACCATGCGGAGCCCCGTGTTCACC

GACAATTCTAGCCCTCCAGCCGTGACACTGACACACCCCATCAC

CAAGATCGACAGAGAGGTGCTGTACCAAGAGTTCGACGAGATG

GAAGAGTGCAGCCAGCACGAGGCCTCTGGATCTGGTAGAGCCG

ACGCTCTGGACGACTTCGACCTGGATATGCTGGGCTCTGACGCC

CTGGATGATTTTGACCTCGACATGCTGGGAAGCGACGCCCTCGA

CGATTTCGATTTGGACATGCTCGGCAGTGATGCACTCGATGACT

TTGATCTTGATATGCTGATCAACAGCCGGTCCAGCGGCAGCCCT

AAGAAAAAACGGAAAGTGGGCAGCCAGTATCTGCCCGACACCG

ACGATCGGCACCGGATCGAGGAAAAGCGGAAGCGGACCTACGA

GACATTCAAGAGCATCATGAAGAAGTCCCCATTCAGCGGCCCCA

CCGATCCTAGACCTCCACCTAGAAGAATCGCCGTGCCTAGCAGA

TCTAGCGCCTCCGTGCCTAAACCTGCTCCACAGCCTTATCCTTTC

ACCTCTAGCCTGAGCACCATCAACTACGACGAGTTCCCTACCAT

GGTGTTCCCCAGCGGCCAGATCTCTCAGGCATCTGCTCTTGCTCC

AGCTCCACCTCAGGTTCTGCCTCAAGCTCCTGCTCCGGCTCCTGC

ACCAGCTATGGTGTCTGCACTTGCTCAGGCACCAGCTCCAGTGC

CTGTTCTTGCTCCTGGACCTCCTCAGGCTGTTGCTCCACCAGCAC

CTAAACCTACACAGGCCGGCGAGGGAACACTGTCTGAAGCCCTG

CTGCAACTCCAGTTCGATGACGAGGATCTGGGCGCCCTGCTGGG

AAATTCTACAGACCCTGCCGTGTTTACCGATCTGGCCAGCGTGG

ACAACAGCGAGTTTCAGCAGCTCCTGAACCAGGGCATCCCAGTG

GCTCCTCACACCACAGAGCCCATGCTGATGGAATACCCCGAGGC

CATCACCAGACTGGTCACCGGCGCACAAAGACCTCCAGATCCTG

CTCCAGCACCGCTTGGAGCACCTGGACTGCCTAATGGACTGCTG

TCTGGCGACGAGGACTTCAGCTCTATCGCCGACATGGATTTCTCT

GCCCTGCTCGGCTCTGGCAGCGGCTCTAGAGATAGCAGAGAAGG

CATGTTCCTGCCTAAGCCTGAGGCCGGCTCTGCCATCTCCGATGT

GTTCGAGGGAAGAGAAGTGTGCCAGCCTAAGCGGATCCGGCCTT

TTCACCCTCCTGGAAGCCCTTGGGCCAACAGACCTCTGCCTGCTT

CTCTGGCCCCTACACCAACAGGACCTGTGCACGAACCTGTGGGC

AGTCTTACCCCTGCTCCTGTTCCTCAGCCACTGGATCCCGCACCA

GCTGTGACACCTGAAGCCAGCCATCTGCTGGAAGATCCCGACGA

AGAAACCTCTCAGGCCGTGAAGGCCCTGAGAGAAATGGCCGAC

ACAGTGATCCCTCAGAAAGAGGAAGCCGCCATTTGCGGACAGA

TGGACCTGTCTCACCCTCCACCAAGAGGCCACCTGGACGAGCTG

ACCACCACACTGGAATCCATGACCGAGGACCTGAACCTGGACA

GCCCTCTGACACCCGAGCTGAACGAGATCCTGGACACCTTCCTG
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AACGACGAGTGTCTGCTGCACGCCATGCACATCTCTACCGGCCT

GAGCATCTTCGACACCAGCCTGTTCTGA (SEQ ID NO: 136) 

SB02661 hIL12 

 

See SEQ ID NO: 93 

SB02661 insulator + 

inducible 

YB-TATA 

promoter 

hIL12 on 

negative 

DNA 

strand 

tccccagcatgcctgctattctcttcccaatcctcccccttgctgtcctgccccaccccaccccccagaatag

aatgacacctactcagacaatgcgatgcaatttcctcattttattaggaaaggacagtgggagtggcaccttc

cagggtcaaggaaggcacgggggaggggcaaacaacagatggctggcaactagaaggcacagttaA

CTGGCGTTCAGGTAGGACATCACGCGGTCAATGGTCACGGCTCG

AATGCGGAAAGCGTGCAACAGGATGCACAGCTTGATCTTGGTCT

TGTAGAAGTCCGGTTCTTCCAGGCTGGACTTTTGAGGCACAGTC

TCGGAGTTGAAATTCAGGGCCTGCATCAGTTCATCAATCACGGC

GAGCATATTCTGGTCCAGGAAGATCTGCCGCTTCGGGTCCATGA

GCAGCTTGGCGTTCATGGTCTTGAACTCGACCTGATACATCTTCA

GATCTTCGTAGATCGAGGAAAGACAGAGCGCCATCATGAATGA

GGTCTTTCTCGACGCCAGGCAGCTGCCGTTAGTGATAAAGCTTG

TCTCGCGGGAGTTCAGACACGATTCGTTCTTGGTCAGTTCCAGC

GGCAGGCAGGCTTCCACGGTCGAGGTCTTGTCCTTGGTGATGTC

CTCGTGATCAATTTCTTCCGAGGTGCAGGGGTAGAACTCAAGGG

TCTGGCGGGCCTTCTGCAACATGTTCGACACAGCCCTCAGGAGG

TTTTGGGAGTGGTGTAGGCACGGGAACATTCCAGGGTCGGGGGT

TGCCACAGGGAGGTTCCGGGAACCTCCTCCGGAGCCTCCTCCTG

AACCTCCGCCTGATCCGCCACCGGAACAAGGCACGCTGGCCCAT

TCGCTCCAGGAGGACGAGTAGTATCTATCCTGCGCCCGGACGCT

GATTGACGCGTTCTTCCGACAAATCACAGTGGCGGAGGTTTTGT

CGGTGAACACCCGGTCTTTCTTCTCCCGTTTGGACTTTCCCTGCA

CTTGCACACAGAAAGTGAGCGAGAAGTATGAGTGCGGGGTGCT

CCAAGTGTCTGGATATTCCCAAGACACTTCCACTTGGCGGGAGT

TCTTGAGTGGCTTCAGCTGCAAGTTCTTGGGGGGGTCAGGCTTG

ATGATGTCGCGGATAAAGAAGGAGGAAGTGTAGTTCTCGTATTT

CAGCTTATGCACGGCATCGACCATGACCTCGATAGGCAGGGACT

CTTCCGCGGCAGGGCAGGCGCTGTCCTCCTGGCATTCCACGGAG

TACTCATATTCCTTGTTGTCTCCCCTGACTCTCTCGGCGGACAGA

GTGGCGGCTCCACAGGTCACGCCCTGAGGATCGCTTGATCCCCG

TGACGACTTCACGGAGAAAGTCAGGTCGGTGGAGATTGTCGTCA

GCCACCAACAGGTGAACCGACCGCTGTAGTTCTTGGCTTCGCAG

CGGAGGAAGGTCTTGTTCTTCGGTTCTTTTTGGTCCTTGAGGATG

TCAGTGGACCAGATTCCATCCTCTTTCTTGTGCAGCAGCAGCAG

GGAGTGGGACAGCACTTCGCCACCCTTGTGGCAAGTGTACTGGC

CCGCGTCGCCGAACTCCTTGACTTGAATGGTCAGGGTCTTTCCGC

TTCCGAGCACCTCGGAGCTCTGATCCAGGGTCCAGGTTATGCCG

TCCTCTTCTGGCGTATCGCAAGTCAGCACGACCATTTCTCCAGGG

GCGTCCGGGTACCAATCCAGCTCGACCACGTAGACGTCCTTCTT

CAGTTCCCAAATGGCGACCAGAGGGGAAGCGAGGAACACAAGG

GAGAACCAGGAGATGACGAGTTGCTGATGGCACATGGTGGCGG

CACCGGTACGCGTTGGCCCCCATTATATACCCTCTAGAACTAGTt

atccactccgtgtaagggagagtgagcctcttacgaatgCGCGACATCGGCTACGCCgttc

cgaggcgactgatacgCGCGACATCGGCTACGCCgtacgaaggcagtccgattgCGC

GACATCGGCTACGCCgacctttactgagacgggagCGCGACATCGGCTACG

CCgaaggcgttgcgaatcctcatgcgattgttacgaaacccgTTAATTAAAGAGCGAGA

TTCCGTCTCAAAGAAAAAAAAAGTAATGAAATGAATAAAATGA

GTCCTAGAGCCAGTAAATGTCGTAAATGTCTCAGCTAGTCAGGT

AGTAAAAGGTCTCAACTAGGCAGTGGCAGAGCAGGATTCAAAT

TCAGGGCTGTTGTGATGCCTCCGCAGACTCTGAGCGCCACCTGG

TGGTAATTTGTCTGTGCCTCTTCTGACGTGGAAGAACAGCAACT

AACACACTAACACGGCATTTACTATGGGCCAGCCATTGT (SEQ ID 
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NO: 137) 

SB02661 GPC3 

CAR 

MLLLVTSLLLCELPHPAFLLIPHMEVQLVESGGGLVQPGGSLRLSCA

ASGFTFNKNAMNWVRQAPGKGLEWVGRIRNKTNNYATYYADSV

KARFTISRDDSKNSLYLQMNSLKTEDTAVYYCVAGNSFAYWGQGT

LVTVSAGGGGSGGGGSGGGGSDIVMTQSPDSLAVSLGERATINCKS

SQSLLYSSNQKNYLAWYQQKPGQPPKLLIYWASSRESGVPDRFSGS

GSGTDFTLTISSLQAEDVAVYYCQQYYNYPLTFGQGTKLEIKTTTP

APRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAP

LAGTCGVLLLSLVITKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRF

PEEEEGGCELRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVL

DKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGE

RRRGKGHDGLYQGLSTATKDTYDALHMQALPPRGMVSKGEELFT

GVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKLICTTGKLPV

PWPTLVTTLGYGLQCFARYPDHMKQHDFFKSAMPEGYVQERTIFF

KDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNY

NSHNVYITADKQKNGIKANFKIRHNIEDGGVQLADHYQQNTPIGDG

PVLLPDNHYLSYQSALSKDPNEKRDHMVLLEFVTAAGITLGMDEL

YK (SEQ ID NO: 138) 

SB02661 SFFV 

GPC3 

CAR 

gtaacgccattttgcaaggcatggaaaaataccaaaccaagaatagagaagttcagatcaagggcgggta

catgaaaatagctaacgttgggccaaacaggatatctgcggtgagcagtttcggccccggcccggggcca

agaacagatggtcaccgcagtttcggccccggcccgaggccaagaacagatggtccccagatatggccc

aaccctcagcagtttcttaagacccatcagatgtttccaggctcccccaaggacctgaaatgaccctgcgcc

ttatttgaattaaccaatcagcctgcttctcgcttctgttcgcgcgcttctgcttcccgagctctataaaagagct

cacaacccctcactcggcgcgccagtcctccgacagactgagtcgcccgggGGATCcTACGTA

GCCGCCACCATGCTGCTGCTGGTCACATCTCTGCTGCTGTGCGA

GCTGCCCCATCCTGCCTTTCTGCTGATCCCTCACATGGAAGTGCA

GCTGGTGGAATCTGGCGGAGGACTGGTTCAACCTGGCGGCTCTC

TGAGACTGTCTTGTGCCGCCAGCGGCTTCACCTTCAACAAGAAC

GCCATGAACTGGGTCCGACAGGCCCCTGGCAAAGGCCTTGAATG

GGTCGGACGGATCAGAAACAAGACCAACAACTACGCCACCTAC

TACGCCGACAGCGTGAAGGCCAGGTTCACCATCTCCAGAGATGA

CAGCAAGAACAGCCTGTACCTCCAGATGAACTCCCTGAAAACCG

AGGACACCGCCGTGTACTATTGCGTGGCCGGCAATAGCTTTGCC

TACTGGGGACAGGGCACCCTGGTTACAGTTTCTGCTGGTGGTGG

AGGCTCAGGAGGGGGAGGTTCCGGAGGAGGCGGTTCGGACATC

GTGATGACACAGAGCCCTGACAGCCTGGCCGTGTCTCTGGGAGA

AAGAGCCACCATCAACTGCAAGAGCAGCCAGAGCCTGCTGTACT

CCAGCAACCAGAAGAACTACCTGGCCTGGTATCAGCAAAAGCC

CGGCCAGCCTCCTAAGCTGCTGATCTATTGGGCCAGCTCCAGAG

AAAGCGGCGTGCCCGATAGATTTTCTGGCTCTGGCAGCGGCACC

GACTTCACCCTGACAATTTCTAGCCTGCAAGCCGAGGACGTGGC

CGTGTATTACTGCCAGCAGTACTACAACTACCCTCTGACCTTCGG

CCAGGGCACCAAGCTGGAAATCAAGACCACCACACCAGCTCCTC

GGCCTCCAACTCCTGCTCCTACAATTGCCAGCCAGCCTCTGTCTC

TGAGGCCCGAAGCTTGTAGACCAGCTGCCGGCGGAGCTGTGCAT

ACAAGAGGACTGGATTTCGCCTGCGACATCTACATATGGGCCCC

CCTCGCCGGTACTTGCGGTGTTTTGCTTTTGTCACTGGTGATTAC

GAAGCGCGGTCGAAAAAAACTCCTCTACATCTTCAAACAACCTT

TCATGCGGCCTGTCCAAACAACTCAAGAAGAGGACGGGTGTTCA

TGCCGCTTTCCAGAGGAAGAGGAAGGTGGCTGTGAACTTCGGGT

GAAGTTCTCACGATCTGCGGACGCCCCCGCATACCAACAGGGAC

AGAACCAACTCTACAATGAACTGAACCTGGGGCGAAGAGAAGA

ATATGACGTTCTGGATAAGCGCAGAGGCCGCGACCCCGAAATG

GGAGGTAAGCCGAGAAGGAAAAATCCACAGGAAGGACTGTATA



183 

 

ATGAGTTGCAAAAGGATAAGATGGCGGAAGCATATTCAGAGAT

TGGGATGAAAGGCGAAAGAAGAAGAGGCAAAGGACATGATGG

GCTGTATCAGGGCCTTTCCACGGCCACAAAAGATACGTATGACG

CGCTGCACATGCAAGCTCTTCCTCCCAGGGGAATGGTGTCCAAA

GGAGAAGAACTGTTCACCGGAGTGGTGCCGATTCTGGTGGAACT

GGACGGCGATGTCAACGGACACAAGTTCTCAGTCAGCGGAGAA

GGGGAAGGGGATGCTACGTACGGGAAGCTCACCCTGAAGCTCA

TCTGTACTACTGGGAAGCTGCCTGTGCCCTGGCCAACTCTGGTG

ACAACCCTCGGTTACGGGTTGCAGTGCTTCGCACGCTACCCTGA

CCACATGAAGCAGCACGATTTCTTCAAATCCGCCATGCCTGAGG

GTTACGTGCAAGAGCGGACCATCTTTTTCAAGGACGATGGCAAC

TACAAGACTCGGGCCGAAGTGAAATTCGAAGGGGACACTCTTGT

GAACCGCATCGAGTTGAAGGGCATTGACTTCAAGGAAGATGGC

AACATTTTGGGACACAAGCTGGAGTACAACTACAATTCCCATAA

CGTGTACATCACCGCCGACAAGCAGAAAAACGGGATCAAGGCC

AACTTCAAGATCCGCCACAATATCGAGGATGGCGGAGTGCAGCT

GGCTGACCACTACCAGCAGAACACCCCCATCGGTGATGGCCCAG

TTCTGCTCCCCGATAACCATTACCTGTCGTACCAATCGGCATTGA

GCAAGGACCCCAACGAGAAGCGCGATCACATGGTGTTGCTGGA

ATTTGTGACCGCTGCCGGCATTACCCTCGGGATGGACGAGCTCT

ACAAGTAA (SEQ ID NO: 139) 

SB02662 insulator + 

inducible 

YB-TATA 

promoter 

IL-12 

_2A_ IL15 

on negative 

DNA 

strand 

tccccagcatgcctgctattctcttcccaatcctcccccttgctgtcctgccccaccccaccccccagaatag

aatgacacctactcagacaatgcgatgcaatttcctcattttattaggaaaggacagtgggagtggcaccttc

cagggtcaaggaaggcacgggggaggggcaaacaacagatggctggcaactagaaggcacagTCA

GCTGGTGTTGATGAACATCTGCACGATGTGCACGAAGCTCTGCA

GGAACTCTTTGATATTCTTTTCTTCCAGTTCCTCGCATTCTTTGCA

GCCGGACTCGGTCACATTGCCGTTGGAGGACAGGCTGTTGTTGG

CCAGGATGATCAGGTTTTCCACGGTATCGTGGATGGAGGCGTCG

CCGCTTTCCAGGCTGATCACTTGCAGCTCGAGCAGAAAGCACTT

CATGGCGGTCACTTTACAGCTAGGGTGCACGTCGCTCTCGGTGT

ACAGTGTGGCGTCGATGTGCATGCTCTGGATCAGATCCTCGATC

TTCTTCAGATCGCTGATCACGTTGACCCAGTTGCCTGTAGAGCCG

GGCACCCAAAGAAGCAGCACCCACAGCAGCAGTGTGTCGGTTTC

CATAGGTCCAGGGTTTTCCTCCACGTCTCCACACGTCAGTAGACT

CCCGCGTCCCTCGCCAGATCCTCTCTTCCGTCTACTGGCGTTCAG

GTAGGACATCACGCGGTCAATGGTCACGGCTCGAATGCGGAAA

GCGTGCAACAGGATGCACAGCTTGATCTTGGTCTTGTAGAAGTC

CGGTTCTTCCAGGCTGGACTTTTGAGGCACAGTCTCGGAGTTGA

AATTCAGGGCCTGCATCAGTTCATCAATCACGGCGAGCATATTC

TGGTCCAGGAAGATCTGCCGCTTCGGGTCCATGAGCAGCTTGGC

GTTCATGGTCTTGAACTCGACCTGATACATCTTCAGATCTTCGTA

GATCGAGGAAAGACAGAGCGCCATCATGAATGAGGTCTTTCTCG

ACGCCAGGCAGCTGCCGTTAGTGATAAAGCTTGTCTCGCGGGAG

TTCAGACACGATTCGTTCTTGGTCAGTTCCAGCGGCAGGCAGGC

TTCCACGGTCGAGGTCTTGTCCTTGGTGATGTCCTCGTGATCAAT

TTCTTCCGAGGTGCAGGGGTAGAACTCAAGGGTCTGGCGGGCCT

TCTGCAACATGTTCGACACAGCCCTCAGGAGGTTTTGGGAGTGG

TGTAGGCACGGGAACATTCCAGGGTCGGGGGTTGCCACAGGGA

GGTTCCGGGAACCTCCTCCGGAGCCTCCTCCTGAACCTCCGCCT

GATCCGCCACCGGAACAAGGCACGCTGGCCCATTCGCTCCAGGA

GGACGAGTAGTATCTATCCTGCGCCCGGACGCTGATTGACGCGT

TCTTCCGACAAATCACAGTGGCGGAGGTTTTGTCGGTGAACACC

CGGTCTTTCTTCTCCCGTTTGGACTTTCCCTGCACTTGCACACAG

AAAGTGAGCGAGAAGTATGAGTGCGGGGTGCTCCAAGTGTCTG

GATATTCCCAAGACACTTCCACTTGGCGGGAGTTCTTGAGTGGC
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TTCAGCTGCAAGTTCTTGGGGGGGTCAGGCTTGATGATGTCGCG

GATAAAGAAGGAGGAAGTGTAGTTCTCGTATTTCAGCTTATGCA

CGGCATCGACCATGACCTCGATAGGCAGGGACTCTTCCGCGGCA

GGGCAGGCGCTGTCCTCCTGGCATTCCACGGAGTACTCATATTC

CTTGTTGTCTCCCCTGACTCTCTCGGCGGACAGAGTGGCGGCTCC

ACAGGTCACGCCCTGAGGATCGCTTGATCCCCGTGACGACTTCA

CGGAGAAAGTCAGGTCGGTGGAGATTGTCGTCAGCCACCAACA

GGTGAACCGACCGCTGTAGTTCTTGGCTTCGCAGCGGAGGAAGG

TCTTGTTCTTCGGTTCTTTTTGGTCCTTGAGGATGTCAGTGGACC

AGATTCCATCCTCTTTCTTGTGCAGCAGCAGCAGGGAGTGGGAC

AGCACTTCGCCACCCTTGTGGCAAGTGTACTGGCCCGCGTCGCC

GAACTCCTTGACTTGAATGGTCAGGGTCTTTCCGCTTCCGAGCAC

CTCGGAGCTCTGATCCAGGGTCCAGGTTATGCCGTCCTCTTCTGG

CGTATCGCAAGTCAGCACGACCATTTCTCCAGGGGCGTCCGGGT

ACCAATCCAGCTCGACCACGTAGACGTCCTTCTTCAGTTCCCAA

ATGGCGACCAGAGGGGAAGCGAGGAACACAAGGGAGAACCAG

GAGATGACGAGTTGCTGATGGCACATGGTGGCGGCACCGGTAC

GCGTTGGCCCCCATTATATACCCTCTAGAACTAGTtatccactccgtgtaa

gggagagtgagcctcttacgaatgCGCGACATCGGCTACGCCgttccgaggcgactgata

cgCGCGACATCGGCTACGCCgtacgaaggcagtccgattgCGCGACATCGGC

TACGCCgacctttactgagacgggagCGCGACATCGGCTACGCCgaaggcgttgcg

aatcctcatgcgattgttacgaaacccgTTAATTAAAGAGCGAGATTCCGTCTCA

AAGAAAAAAAAAGTAATGAAATGAATAAAATGAGTCCTAGAGC

CAGTAAATGTCGTAAATGTCTCAGCTAGTCAGGTAGTAAAAGGT

CTCAACTAGGCAGTGGCAGAGCAGGATTCAAATTCAGGGCTGTT

GTGATGCCTCCGCAGACTCTGAGCGCCACCTGGTGGTAATTTGT

CTGTGCCTCTTCTGACGTGGAAGAACAGCAACTAACACACTAAC

ACGGCATTTACTATGGGCCAGCCATTGT (SEQ ID NO: 140) 

SB02662 CAR See SB02661 sequences 

SB02662 IL-12 See SEQ ID NO: 93 

SB02662 IL-15 METDTLLLWVLLLWVPGSTGNWVNVISDLKKIEDLIQSMHIDATLY

TESDVHPSCKVTAMKCFLLELQVISLESGDASIHDTVENLIILANNSL

SSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTS (SEQ ID 

NO: 141) 

SB02662 2A peptide RRKRGSGEGRGSLLTCGDVEENPGP (SEQ ID NO: 142) 

SB02664 insulator + 

inducible 

minTK 

promoter 

hIL12 on 

negative 

DNA 

strand 

tccccagcatgcctgctattctcttcccaatcctcccccttgctgtcctgccccaccccaccccccagaatag

aatgacacctactcagacaatgcgatgcaatttcctcattttattaggaaaggacagtgggagtggcaccttc

cagggtcaaggaaggcacgggggaggggcaaacaacagatggctggcaactagaaggcacagttaA

CTGGCGTTCAGGTAGGACATCACGCGGTCAATGGTCACGGCTCG

AATGCGGAAAGCGTGCAACAGGATGCACAGCTTGATCTTGGTCT

TGTAGAAGTCCGGTTCTTCCAGGCTGGACTTTTGAGGCACAGTC

TCGGAGTTGAAATTCAGGGCCTGCATCAGTTCATCAATCACGGC

GAGCATATTCTGGTCCAGGAAGATCTGCCGCTTCGGGTCCATGA

GCAGCTTGGCGTTCATGGTCTTGAACTCGACCTGATACATCTTCA

GATCTTCGTAGATCGAGGAAAGACAGAGCGCCATCATGAATGA

GGTCTTTCTCGACGCCAGGCAGCTGCCGTTAGTGATAAAGCTTG

TCTCGCGGGAGTTCAGACACGATTCGTTCTTGGTCAGTTCCAGC

GGCAGGCAGGCTTCCACGGTCGAGGTCTTGTCCTTGGTGATGTC

CTCGTGATCAATTTCTTCCGAGGTGCAGGGGTAGAACTCAAGGG

TCTGGCGGGCCTTCTGCAACATGTTCGACACAGCCCTCAGGAGG

TTTTGGGAGTGGTGTAGGCACGGGAACATTCCAGGGTCGGGGGT

TGCCACAGGGAGGTTCCGGGAACCTCCTCCGGAGCCTCCTCCTG

AACCTCCGCCTGATCCGCCACCGGAACAAGGCACGCTGGCCCAT

TCGCTCCAGGAGGACGAGTAGTATCTATCCTGCGCCCGGACGCT
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GATTGACGCGTTCTTCCGACAAATCACAGTGGCGGAGGTTTTGT

CGGTGAACACCCGGTCTTTCTTCTCCCGTTTGGACTTTCCCTGCA

CTTGCACACAGAAAGTGAGCGAGAAGTATGAGTGCGGGGTGCT

CCAAGTGTCTGGATATTCCCAAGACACTTCCACTTGGCGGGAGT

TCTTGAGTGGCTTCAGCTGCAAGTTCTTGGGGGGGTCAGGCTTG

ATGATGTCGCGGATAAAGAAGGAGGAAGTGTAGTTCTCGTATTT

CAGCTTATGCACGGCATCGACCATGACCTCGATAGGCAGGGACT

CTTCCGCGGCAGGGCAGGCGCTGTCCTCCTGGCATTCCACGGAG

TACTCATATTCCTTGTTGTCTCCCCTGACTCTCTCGGCGGACAGA

GTGGCGGCTCCACAGGTCACGCCCTGAGGATCGCTTGATCCCCG

TGACGACTTCACGGAGAAAGTCAGGTCGGTGGAGATTGTCGTCA

GCCACCAACAGGTGAACCGACCGCTGTAGTTCTTGGCTTCGCAG

CGGAGGAAGGTCTTGTTCTTCGGTTCTTTTTGGTCCTTGAGGATG

TCAGTGGACCAGATTCCATCCTCTTTCTTGTGCAGCAGCAGCAG

GGAGTGGGACAGCACTTCGCCACCCTTGTGGCAAGTGTACTGGC

CCGCGTCGCCGAACTCCTTGACTTGAATGGTCAGGGTCTTTCCGC

TTCCGAGCACCTCGGAGCTCTGATCCAGGGTCCAGGTTATGCCG

TCCTCTTCTGGCGTATCGCAAGTCAGCACGACCATTTCTCCAGGG

GCGTCCGGGTACCAATCCAGCTCGACCACGTAGACGTCCTTCTT

CAGTTCCCAAATGGCGACCAGAGGGGAAGCGAGGAACACAAGG

GAGAACCAGGAGATGACGAGTTGCTGATGGCACATGGTGGCGG

CACCGGTttaagcgggtcgctgcagggtcgctcggtgttcgaggccacacgcgtcaccttaatatgc

gaaACTAGTtatccactccgtgtaagggagagtgagcctcttacgaatgCGCGACATCGG

CTACGCCgttccgaggcgactgatacgCGCGACATCGGCTACGCCgtacgaaggc

agtccgattgCGCGACATCGGCTACGCCgacctttactgagacgggagCGCGACA

TCGGCTACGCCgaaggcgttgcgaatcctcatgcgattgttacgaaacccgTTAATTAA

AGAGCGAGATTCCGTCTCAAAGAAAAAAAAAGTAATGAAATGA

ATAAAATGAGTCCTAGAGCCAGTAAATGTCGTAAATGTCTCAGC

TAGTCAGGTAGTAAAAGGTCTCAACTAGGCAGTGGCAGAGCAG

GATTCAAATTCAGGGCTGTTGTGATGCCTCCGCAGACTCTGAGC

GCCACCTGGTGGTAATTTGTCTGTGCCTCTTCTGACGTGGAAGA

ACAGCAACTAACACACTAACACGGCATTTACTATGGGCCAGCCA

TTGT (SEQ ID NO: 143) 

SB02664 CAR See SB02661 sequences 

SB02664 IL-12 See SEQ ID NO: 93 

SB02665 insulator + 

inducible 

minTK 

promoter 

IL-12 

_2A_ IL15 

on negative 

DNA 

strand 

tccccagcatgcctgctattctcttcccaatcctcccccttgctgtcctgccccaccccaccccccagaatag

aatgacacctactcagacaatgcgatgcaatttcctcattttattaggaaaggacagtgggagtggcaccttc

cagggtcaaggaaggcacgggggaggggcaaacaacagatggctggcaactagaaggcacagTCA

GCTGGTGTTGATGAACATCTGCACGATGTGCACGAAGCTCTGCA

GGAACTCTTTGATATTCTTTTCTTCCAGTTCCTCGCATTCTTTGCA

GCCGGACTCGGTCACATTGCCGTTGGAGGACAGGCTGTTGTTGG

CCAGGATGATCAGGTTTTCCACGGTATCGTGGATGGAGGCGTCG

CCGCTTTCCAGGCTGATCACTTGCAGCTCGAGCAGAAAGCACTT

CATGGCGGTCACTTTACAGCTAGGGTGCACGTCGCTCTCGGTGT

ACAGTGTGGCGTCGATGTGCATGCTCTGGATCAGATCCTCGATC

TTCTTCAGATCGCTGATCACGTTGACCCAGTTGCCTGTAGAGCCG

GGCACCCAAAGAAGCAGCACCCACAGCAGCAGTGTGTCGGTTTC

CATAGGTCCAGGGTTTTCCTCCACGTCTCCACACGTCAGTAGACT

CCCGCGTCCCTCGCCAGATCCTCTCTTCCGTCTACTGGCGTTCAG

GTAGGACATCACGCGGTCAATGGTCACGGCTCGAATGCGGAAA

GCGTGCAACAGGATGCACAGCTTGATCTTGGTCTTGTAGAAGTC

CGGTTCTTCCAGGCTGGACTTTTGAGGCACAGTCTCGGAGTTGA

AATTCAGGGCCTGCATCAGTTCATCAATCACGGCGAGCATATTC

TGGTCCAGGAAGATCTGCCGCTTCGGGTCCATGAGCAGCTTGGC
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GTTCATGGTCTTGAACTCGACCTGATACATCTTCAGATCTTCGTA

GATCGAGGAAAGACAGAGCGCCATCATGAATGAGGTCTTTCTCG

ACGCCAGGCAGCTGCCGTTAGTGATAAAGCTTGTCTCGCGGGAG

TTCAGACACGATTCGTTCTTGGTCAGTTCCAGCGGCAGGCAGGC

TTCCACGGTCGAGGTCTTGTCCTTGGTGATGTCCTCGTGATCAAT

TTCTTCCGAGGTGCAGGGGTAGAACTCAAGGGTCTGGCGGGCCT

TCTGCAACATGTTCGACACAGCCCTCAGGAGGTTTTGGGAGTGG

TGTAGGCACGGGAACATTCCAGGGTCGGGGGTTGCCACAGGGA

GGTTCCGGGAACCTCCTCCGGAGCCTCCTCCTGAACCTCCGCCT

GATCCGCCACCGGAACAAGGCACGCTGGCCCATTCGCTCCAGGA

GGACGAGTAGTATCTATCCTGCGCCCGGACGCTGATTGACGCGT

TCTTCCGACAAATCACAGTGGCGGAGGTTTTGTCGGTGAACACC

CGGTCTTTCTTCTCCCGTTTGGACTTTCCCTGCACTTGCACACAG

AAAGTGAGCGAGAAGTATGAGTGCGGGGTGCTCCAAGTGTCTG

GATATTCCCAAGACACTTCCACTTGGCGGGAGTTCTTGAGTGGC

TTCAGCTGCAAGTTCTTGGGGGGGTCAGGCTTGATGATGTCGCG

GATAAAGAAGGAGGAAGTGTAGTTCTCGTATTTCAGCTTATGCA

CGGCATCGACCATGACCTCGATAGGCAGGGACTCTTCCGCGGCA

GGGCAGGCGCTGTCCTCCTGGCATTCCACGGAGTACTCATATTC

CTTGTTGTCTCCCCTGACTCTCTCGGCGGACAGAGTGGCGGCTCC

ACAGGTCACGCCCTGAGGATCGCTTGATCCCCGTGACGACTTCA

CGGAGAAAGTCAGGTCGGTGGAGATTGTCGTCAGCCACCAACA

GGTGAACCGACCGCTGTAGTTCTTGGCTTCGCAGCGGAGGAAGG

TCTTGTTCTTCGGTTCTTTTTGGTCCTTGAGGATGTCAGTGGACC

AGATTCCATCCTCTTTCTTGTGCAGCAGCAGCAGGGAGTGGGAC

AGCACTTCGCCACCCTTGTGGCAAGTGTACTGGCCCGCGTCGCC

GAACTCCTTGACTTGAATGGTCAGGGTCTTTCCGCTTCCGAGCAC

CTCGGAGCTCTGATCCAGGGTCCAGGTTATGCCGTCCTCTTCTGG

CGTATCGCAAGTCAGCACGACCATTTCTCCAGGGGCGTCCGGGT

ACCAATCCAGCTCGACCACGTAGACGTCCTTCTTCAGTTCCCAA

ATGGCGACCAGAGGGGAAGCGAGGAACACAAGGGAGAACCAG

GAGATGACGAGTTGCTGATGGCACATGGTGGCGGCACCGGTttaag

cgggtcgctgcagggtcgctcggtgttcgaggccacacgcgtcaccttaatatgcgaaACTAGTtatc

cactccgtgtaagggagagtgagcctcttacgaatgCGCGACATCGGCTACGCCgttccg

aggcgactgatacgCGCGACATCGGCTACGCCgtacgaaggcagtccgattgCGCG

ACATCGGCTACGCCgacctttactgagacgggagCGCGACATCGGCTACGC

CgaaggcgttgcgaatcctcatgcgattgttacgaaacccgTTAATTAAAGAGCGAGAT

TCCGTCTCAAAGAAAAAAAAAGTAATGAAATGAATAAAATGAG

TCCTAGAGCCAGTAAATGTCGTAAATGTCTCAGCTAGTCAGGTA

GTAAAAGGTCTCAACTAGGCAGTGGCAGAGCAGGATTCAAATTC

AGGGCTGTTGTGATGCCTCCGCAGACTCTGAGCGCCACCTGGTG

GTAATTTGTCTGTGCCTCTTCTGACGTGGAAGAACAGCAACTAA

CACACTAACACGGCATTTACTATGGGCCAGCCATTGT (SEQ ID 

NO: 144) 

SB02665 CAR See SB02661 sequences 

SB02665 IL-12 See SEQ ID NO: 93 

SB02665 IL-15 See SEQ ID NO: 141 

SB02665 2A peptide See SEQ ID NO: 142 

 

Results 
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[00682] IL-12 and/or IL-15 payload expression was assessed in T cells for various 

regulatable TF expression system strategies and constructs. An drug-inducible format ACP 

(also referred to as “synTF”) using an NS3/NS4 protease cleavage site and a VPR 

transcriptional effector domain (SB01845) or a modified version of the ACP with linkers 

shortened and the entire construct codon optimized (SB02110) were assessed. All payload 

constructs (SB02661, SB02662, SB02664, SB02665) encoded a GPC3-CAR driven by an 

SFFV promoter and all cytokine payloads included an A2 insulator and promoter driving 

expression in the opposite direction as the CAR cassette (e.g., see orientation of reporter and 

CAR cassettes in construct “2235” in FIG. 20). The inducible synTF promoter was either 

derived from a YB-TATA promoter (SB02661, SB02662) or minTK (SB02664, SB02665). 

A summary of the systems assessed in shown in FIG. 32. SB00171 and SB01335 encoding 

constitutive hIL-12 and IL-15, respectively, each driven by SFFV were used as controls. 

[00683] As shown in FIG. 33 and quantified in Table 18, IL-12 production was observed 

in a concentration dependent manner following addition of the NS3 protease inhibitor 

grazoprevir. As shown in FIG. 34 and quantified in Table 19, IL-15 production was 

observed for constructs encoding IL-15 using a ribosome skipping tag 2A multicistronic 

system in a concentration dependent manner for the NS3 protease inhibitor grazoprevir, with 

IL-15 expressed at lower levels relatively to IL-12. Production was notably greater when 

using ACP construct SB01845 compared to SB02110 for all combinations for both IL-12 and 

IL-15 (solid vs. dashed FIG. 33 and Table 18A vs Table 18B, respectively). In addition, the 

YB-TATA based inducible promoter demonstrated greater expression than the minTK 

promoter (SB02661 vs SB02664 and SB02662 vs SB02665) and less IL-12 was observed 

when expressed as part of a 2A/IL-15 peptide. Accordingly, regulated cytokine expression 

was observed in a drug-dependent in T cells for the various systems with ACP construct 

SB01845 together with SB02661 demonstrating the highest production of IL-12 alone and 

together with SB02662 IL-12 and IL-15 in a multicistronic system. 

[00684] CAR profiles for the various constructs was also assessed. Expression was 

monitored by flow cytometry (YFP) for the various constructs, with a GPC3-CAR only 

construct (“1106”) as a control. As shown in FIG. 35, all cytokine payload constructs 

expressed the CAR ranging from ~50-70%. As expected, the ACP construct choice did not 

noticeably affect expression (1845 vs 2110). CAR activity was then assessed through T cell 

killing. As shown in FIG. 36 and quantified in Table 20, killing (LDH release) was observed 

and comparable for all constructs tested that expressed the CAR, including the CAR only 

control, regardless of ACP used (1845 vs 2110). Killing was also assessed in the presence or 
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absence of grazoprevir. No noticeable differences in killing were observed in the presence or 

absence of grazoprevir, although the assay was not designed to directly test cytokine 

armoring influence as the assay was performed in the absence of additional immune system 

components. Accordingly, CAR expression and killing activity was demonstrated for each 

regulatable TF expression system examined using drug-inducible ACP formats. 

 

Table 18A – IL-12 production with ACP 1845 in T Cells 

[GRZ]uM 2357+1845 2661+1845 2662+1845 2664+1845 2665+1845 NV SB00171 

2 7001.8 94155.5 22296.0 48693.2 13746.7 
  

1 6335.4 98314.1 22220.4 56098.2 15942.5 
  

0.5 7085.0 119580.0 25885.7 58288.7 16808.8 
  

0.1 5651.3 91022.2 22464.0 42428.9 16092.4 
  

0.05 4194.9 72358.4 18026.4 45813.9 13788.3 
  

0.01 892.5 20383.8 5233.6 21137.9 6018.5 
  

No drug 32.0 51.2 32.0 2013.4 236.1 12.4 13165.0 

 

Table 18B – IL-12 production with ACP 2110 in T Cells 

[GRZ]uM 2357+2110 2661+2110 2662+2110 2664+2110 2665+2110 NV SB00171 

2 1240.1 10790.5 1773.9 7118.3 1567.9 
  

1 1101.5 12533.9 1893.7 8182.8 1516.3 
  

0.5 1101.5 11006.3 1910.9 7134.9 1567.9 
  

0.1 979.7 9785.9 1378.4 5668.0 1636.6 
  

0.05 892.5 7634.1 1292.0 6585.4 1705.3 
  

0.01 380.4 3134.1 344.5 3184.8 944.8 
  

No drug 32.0 32.0 12.4 1378.4 163.0 12.4 13165.0 

 

Table 19 - IL-15 Production in T Cells 

[GRZ]uM 2662+2110 2665+2110 2662+1845 2665+1845 NV SB01335 

2 9.03 7.59 78.72 44.40  
 

1 9.03 6.87 77.32 48.61  
 

0.5 9.03 6.87 89.91 48.61  
 

0.1 6.87 6.87 73.83 47.21  
 

0.05 6.87 7.59 58.43 38.08  
 

0.01 3.97 5.42 19.01 19.01  
 

No drug 1.77 1.77 2.51 2.51 12.4 9213 
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Table 20 – T cell Killing (LDH) 

[GRZ]uM 1845 Rep 1 1845 Rep 2 1845 Rep 3 2110 Rep 1 2110 Rep 2 2110 Rep 3 

NV 5.57 4.43 5.10    

1106 44.55 37.87 36.82    

2661 53.82 50.67 46.18 51.03 41.96 47.76 

2661+Grz 47.90 49.04 38.92 48.13 45.50 46.59 

2662 41.59 46.66 42.36 41.60 38.70 41.33 

2662+Grz 47.99 48.85 46.85 40.06 38.34 40.15 

2664 40.16 47.23 48.09 48.04 46.68 49.94 

2664+Grz 45.41 45.99 54.59 47.04 51.84 51.66 

2665 36.43 34.62 41.31 41.06 42.96 44.32 

2665+Grz 36.72 43.60 49.24 39.88 42.60 44.50 

 

Example 11: IL-12 Drug-inducible Expression Systems in NK Cells 

[00685] IL-12 payload expression was assessed in NK cells for various regulatable TF 

expression system strategies. The strategies included co-expression of CAR constructs and 

CAR expression was assessed. 

 

Materials and Methods 

[00686] For in vitro assessment, starting on Day 0, NK cells (iCD3- CD56 cells isolated 

from health donor PBMCs) were expanded for 10 days with mitoC WT K562 cell, 500 U/ml 

rhIL-2, and 10 ng/ml rhIL-15. Day 10, cells were spun down in a large volume of PBS then 

resuspended in NK MACS medium (Miltenyi) without serum or supplements at 10e6/mL 

concentration. Cells were then seeded at 1e6 cells (100ul) cells + 1ul of 1:10 BX795 (Tocris 

Bioscience Cat #4318) for 30mins in a 48-well retronectin coated non TC treated plate then 

virus added at an MOI = 25 (IU) (MOI = 12.5 for each virus for each of the constructs 

indicated; relevant sequences of the constructs are provided in Table 17) followed by 200ul 

of NK MACS media (no serum/supplements). The cells and virus were then spinoculated 

(800g 2hrs at 32C, rest the plate for 2hrs at 37C incubator and transfer cells to a 24-well Grex 

plate in complete NK MACS media + 500U/mL of rhIL-2). On Day 14, media was partially 

exchanged removing 5ml media and supplemented with fresh media + rhIL-2 (500U/mL). On 

Day 17, cells were counted and the required number of cells were spun down in fresh 

complete media + 500U/mL rhIL2. Cells were seeded at 0.2e6 cells/200ul/well in a U-bottom 

96 well-plate in increasing concentration of Grazoprevir (1, 0.1, 0.01, 0.01µM GRZ and no 

drug). On Days 12, 19, and 21 (24, 48, 96 hours, respectively), cells were transferred to a V-

bottom plate, spun down, and supernatant saved for analysis using Luminex (IL-12 Milliplex 

kit). Cells were also assessed for CAR expression by flow cytometry. 
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Results 

[00687] IL-12 payload expression was assessed in NK cells for various regulatable TF 

expression system strategies and constructs. A drug-inducible format ACP (also referred to as 

“synTF”) using an NS3/NS4 protease cleavage site and a VPR transcriptional effector 

domain (SB01845) or a modified version of the ACP with linkers shortened and the entire 

construct codon optimized (SB02110) were assessed. The payload construct SB02661 

encoded a GPC3-CAR driven by an SFFV promoter, with the IL-12 cytokine payload 

encoded in a cassette including an A2 insulator and YB-TATA promoter driving expression 

in the opposite direction as the CAR cassette (e.g., see orientation of reporter and CAR 

cassettes in construct “2235” in FIG. 20). 

[00688] As shown in FIG. 37 and quantified in Table 21, IL-12 production was observed 

in a concentration dependent manner following addition of the NS3 protease inhibitor 

grazoprevir starting at 24 hours after treatment. IL-12 levels were similar between hours 48 

and 96, suggesting production peaked at least 48 hours. Production was also notably greater 

when using ACP construct SB01845 compared to SB02110 for all combinations for both IL-

12 and IL-15 (square vs. circle FIG. 37, respectively, and Table 21). CAR expression was 

also monitored by flow cytometry (YFP) with low overall YFP expression detected (data not 

shown). Accordingly, regulated cytokine expression was observed in a drug-dependent 

manner in NK cells for the various systems with ACP construct SB01845 together, with 

construct SB02661 demonstrating the highest production of IL-12. 

 

Table 21 - IL-12 Production in NK Cells (24hr) 

[GRZ]uM 

2661+2110 

(24hr) 

2661+1845 

(24hr) 

2661+2110 

(48hr) 

2661+1845 

(48hr) 

2661+2110 

(96hr) 

2661+1845 

(96hr) 

1 94.72 209.46 206.33 419.42 269.83 384.29 

0.1 61.30 89.49 220.91 365.22 129.36 332.50 

0.01 4.88 4.88 18.42 26.82 26.57 24.90 

0.001 4.88 4.88 0.00 0.00 4.18 4.53 

No drug 4.88 4.88 0.00 0.00 0.79 8.36 

 

Example 12: Additional IL-12 and IL-15 Drug-inducible Systems in T Cells  

[00689] IL-12 and/or IL-15 payload expression was assessed in T cells for additional 

various regulatable TF expression system strategies, including assessment of different 
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transcription activators and production of cytokines encoded separately or in multicistronic 

systems. 

 

Materials and Methods 

[00690] For in vitro assessment, on Day 0, CD4/CD8 T cells (donor derived) were thawed, 

seeded at 1e6 cells/mL/well in a 24 well-plate, and activated with anti-CD3/CD28 Dynabeads 

(3:1 bead to cell) in complete T cell media (Optimizer+ Supplements–Gibco +5% human 

serum) + rhIL-2 (100 Units/ml; Peprotech). On Day 1, 0.5ml media was removed and cells 

were transduced with 3e5 pg of virus for each the constructs indicated (relevant sequences of 

the constructs are provided in Table 22). On Day 2, 1.5mL of Optimizer media + 100U/mL 

rhIL-2 was added. Day 4 cells were counted and 1e6 cells/well were transferred to a 24 well 

Grex plate at a final volume of 8mL. On Day 8, 6mL of media was removed from the wells 

and cells counted then seeded at a concentration of 1e6 cells/mL in fresh media with 

grazoprevir (2, 1, 0.5, 0.1, 0.05, 0.01µM and no drug). Transduced T cells were incubated for 

a further two days and the supernatant collected via centrifugation for IL-12 and IL-15 

quantification. For IL-12 and IL-15, supernatants analyzed by Luminex (R&D IL12/IL15 

kit). 

 

Table 22 – Additional IL-12 and IL-15 Regulatable TF Expression Constructs 

SB # Domain Sequence 

SB0266

7 

p65-based 

synTF 

MSRPGERPFQCRICMRNFSRRHGLDRHTRTHTGEKPFQCRICM

RNFSDHSSLKRHLRTHTGSQKPFQCRICMRNFSVRHNLTRHLR

THTGEKPFQCRICMRNFSDHSNLSRHLKTHTGSQKPFQCRICM

RNFSQRSSLVRHLRTHTGEKPFQCRICMRNFSESGHLKRHLRT

HLRGSTCRDYKDHDGDYKDHDIDYKDDDDKMAPKKKRKVG

IHGVPGGLEGGGGSGGTEDVVCCHSIYGKKKGDIDTYRYIGSS

GTGCVVIVGRIVLSGSGTSAPITAYAQQTRGLLGCIITSLTGRD

KNQVEGEVQIVSTATQTFLATCINGVCWAVYHGAGTRTIASP

KGPVIQMYTNVDQDLVGWPAPQGSRSLTPCTCGSSDLYLVTR

HADVIPVRRRGDSRGSLLSPRPISYLKGSSGGPLLCPAGHAVGL

FRAAVCTRGVAKAVDFIPVENLETTMRSPVFTDNSSPPAVTLT

HPITKIDREVLYQEFDEMEECSQHYPYDVPDYAGGGGSGGTD

EFPTMVFPSGQISQASALAPAPPQVLPQAPAPAPAPAMVSALA

QAPAPVPVLAPGPPQAVAPPAPKPTQAGEGTLSEALLQLQFDD

EDLGALLGNSTDPAVFTDLASVDNSEFQQLLNQGIPVAPHTTE

PMLMEYPEAITRLVTGAQRPPDPAPAPLGAPGLPNGLLSGDED

FSSIADMDFSALLSQISSQL (SEQ ID NO: 145) 

SB0266

7 

IL-12 See SEQ ID NO: 93 

SB0266 insulator tccccagcatgcctgctattctcttcccaatcctcccccttgctgtcctgccccaccccaccccccag
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7 + 

inducible 

YB-TATA 

promoter 

IL12 

inverted 

strand, 

forward 

strand 

SFFV 

synTF-

p65 

aatagaatgacacctactcagacaatgcgatgcaatttcctcattttattaggaaaggacagtggga

gtggcaccttccagggtcaaggaaggcacgggggaggggcaaacaacagatggctggcaacta

gaaggcacagttaACTGGCGTTCAGGTAGGACATCACGCGGTCAA

TGGTCACGGCTCGAATGCGGAAAGCGTGCAACAGGATGCA

CAGCTTGATCTTGGTCTTGTAGAAGTCCGGTTCTTCCAGGCT

GGACTTTTGAGGCACAGTCTCGGAGTTGAAATTCAGGGCCT

GCATCAGTTCATCAATCACGGCGAGCATATTCTGGTCCAGG

AAGATCTGCCGCTTCGGGTCCATGAGCAGCTTGGCGTTCAT

GGTCTTGAACTCGACCTGATACATCTTCAGATCTTCGTAGA

TCGAGGAAAGACAGAGCGCCATCATGAATGAGGTCTTTCTC

GACGCCAGGCAGCTGCCGTTAGTGATAAAGCTTGTCTCGCG

GGAGTTCAGACACGATTCGTTCTTGGTCAGTTCCAGCGGCA

GGCAGGCTTCCACGGTCGAGGTCTTGTCCTTGGTGATGTCC

TCGTGATCAATTTCTTCCGAGGTGCAGGGGTAGAACTCAAG

GGTCTGGCGGGCCTTCTGCAACATGTTCGACACAGCCCTCA

GGAGGTTTTGGGAGTGGTGTAGGCACGGGAACATTCCAGG

GTCGGGGGTTGCCACAGGGAGGTTCCGGGAACCTCCTCCGG

AGCCTCCTCCTGAACCTCCGCCTGATCCGCCACCGGAACAA

GGCACGCTGGCCCATTCGCTCCAGGAGGACGAGTAGTATCT

ATCCTGCGCCCGGACGCTGATTGACGCGTTCTTCCGACAAA

TCACAGTGGCGGAGGTTTTGTCGGTGAACACCCGGTCTTTC

TTCTCCCGTTTGGACTTTCCCTGCACTTGCACACAGAAAGTG

AGCGAGAAGTATGAGTGCGGGGTGCTCCAAGTGTCTGGAT

ATTCCCAAGACACTTCCACTTGGCGGGAGTTCTTGAGTGGC

TTCAGCTGCAAGTTCTTGGGGGGGTCAGGCTTGATGATGTC

GCGGATAAAGAAGGAGGAAGTGTAGTTCTCGTATTTCAGCT

TATGCACGGCATCGACCATGACCTCGATAGGCAGGGACTCT

TCCGCGGCAGGGCAGGCGCTGTCCTCCTGGCATTCCACGGA

GTACTCATATTCCTTGTTGTCTCCCCTGACTCTCTCGGCGGA

CAGAGTGGCGGCTCCACAGGTCACGCCCTGAGGATCGCTTG

ATCCCCGTGACGACTTCACGGAGAAAGTCAGGTCGGTGGA

GATTGTCGTCAGCCACCAACAGGTGAACCGACCGCTGTAGT

TCTTGGCTTCGCAGCGGAGGAAGGTCTTGTTCTTCGGTTCTT

TTTGGTCCTTGAGGATGTCAGTGGACCAGATTCCATCCTCTT

TCTTGTGCAGCAGCAGCAGGGAGTGGGACAGCACTTCGCC

ACCCTTGTGGCAAGTGTACTGGCCCGCGTCGCCGAACTCCT

TGACTTGAATGGTCAGGGTCTTTCCGCTTCCGAGCACCTCG

GAGCTCTGATCCAGGGTCCAGGTTATGCCGTCCTCTTCTGG

CGTATCGCAAGTCAGCACGACCATTTCTCCAGGGGCGTCCG

GGTACCAATCCAGCTCGACCACGTAGACGTCCTTCTTCAGT

TCCCAAATGGCGACCAGAGGGGAAGCGAGGAACACAAGGG

AGAACCAGGAGATGACGAGTTGCTGATGGCACATCATGGT

GGCGACACCGGTACGCGTTGGCCCCCATTATATACCCTCTA

GAACTAGTtatccactccgtgtaagggagagtgagcctcttacgaatgCGCGACAT

CGGCTACGCCgttccgaggcgactgatacgCGCGACATCGGCTACGCC

gtacgaaggcagtccgattgCGCGACATCGGCTACGCCgacctttactgagacgg

gagCGCGACATCGGCTACGCCgaaggcgttgcgaatcctcatgcgattgttacga

aacccgTTAATTAAAGAGCGAGATTCCGTCTCAAAGAAAAAA

AAAGTAATGAAATGAATAAAATGAGTCCTAGAGCCAGTAA

ATGTCGTAAATGTCTCAGCTAGTCAGGTAGTAAAAGGTCTC
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AACTAGGCAGTGGCAGAGCAGGATTCAAATTCAGGGCTGT

TGTGATGCCTCCGCAGACTCTGAGCGCCACCTGGTGGTAAT

TTGTCTGTGCCTCTTCTGACGTGGAAGAACAGCAACTAACA

CACTAACACGGCATTTACTATGGGCCAGCCATTGTCCATCT

AGATGGccgataaaataaaagattttatttagtctccagaaaaaggggggaatgaaagaccc

cacctgtaggtttggcaagctagctgcagtaacgccattttgcaaggcatggaaaaataccaaacc

aagaatagagaagttcagatcaagggcgggtacatgaaaatagctaacgttgggccaaacaggat

atctgcggtgagcagtttcggccccggcccggggccaagaacagatggtcaccgcagtttcggc

cccggcccgaggccaagaacagatggtccccagatatggcccaaccctcagcagtttcttaagac

ccatcagatgtttccaggctcccccaaggacctgaaatgaccctgcgccttatttgaattaaccaatc

agcctgcttctcgcttctgttcgcgcgcttctgcttcccgagctctataaaagagctcacaacccctca

ctcggcgcgccagtcctccgacagactgagtcgcccgggGGATCCGCCACCATG

AGTAGACCTGGCGAAAGACCATTTCAGTGCAGAATTTGTAT

GCGGAACTTCAGCAGAAGGCACGGCCTGGACAGACACACC

AGAACACACACAGGCGAGAAGCCTTTCCAGTGTAGAATCT

GTATGCGCAATTTCAGCGACCACAGCAGCCTGAAGCGGCA

CCTGAGAACCCATACCGGCAGCCAGAAACCATTTCAATGCC

GCATCTGTATGAGAAACTTCTCCGTGCGGCACAACCTGACC

AGACACCTGAGGACACACACCGGGGAGAAACCCTTCCAGT

GCCGGATATGCATGAGGAATTTCTCCGACCACTCCAACCTG

AGCCGCCACCTGAAAACTCACACCGGCTCTCAAAAGCCATT

TCAGTGTCGTATATGTATGCGGAATTTTTCCCAGCGGAGCA

GCCTCGTGCGCCATCTGAGGACTCATACTGGCGAAAAGCCC

TTCCAATGTCGCATATGCATGCGCAACTTTAGCGAGTCCGG

CCACCTGAAGAGACATCTGCGGACACACCTGAGAGGCAGC

ACCTGTAGAGACTACAAGGACCACGACGGCGATTATAAGG

ATCACGACATCGACTACAAAGACGACGATGACAAGATGGC

CCCTAAGAAGAAGCGGAAAGTCGGCATCCATGGCGTGCCA

GGTGGACTTGAAGGTGGCGGAGGATCTGGCGGCACAGAGG

ATGTTGTGTGCTGCCACAGCATCTACGGCAAGAAGAAGGG

CGACATCGATACCTATCGGTACATCGGCAGCAGCGGCACA

GGCTGCGTTGTGATCGTGGGAAGAATCGTGCTGAGCGGCTC

TGGCACAAGCGCCCCTATTACAGCCTACGCTCAGCAGACAA

GAGGCCTGCTGGGCTGCATCATCACAAGCCTGACCGGCAG

AGACAAGAACCAGGTGGAAGGCGAGGTGCAGATCGTGTCT

ACAGCTACCCAGACCTTCCTGGCCACCTGTATCAATGGCGT

GTGCTGGGCCGTGTATCACGGCGCTGGAACCAGAACAATC

GCCTCTCCTAAGGGACCCGTGATCCAGATGTACACCAACGT

GGACCAGGACCTCGTTGGCTGGCCTGCTCCTCAGGGAAGTA

GAAGCCTGACACCTTGCACCTGTGGCTCCAGCGATCTGTAC

CTGGTCACCAGACACGCCGACGTGATCCCTGTCAGAAGAA

GAGGAGATTCCAGAGGCAGCCTGCTGAGCCCTAGACCTATC

AGCTACCTGAAGGGCAGCTCTGGCGGACCTCTGCTTTGTCC

TGCTGGACATGCCGTGGGCCTGTTTAGAGCCGCCGTGTGTA

CAAGAGGCGTGGCAAAGGCCGTGGACTTCATCCCCGTGGA

AAACCTGGAAACCACCATGCGGAGCCCCGTGTTCACCGAC

AATTCTAGCCCTCCAGCCGTGACACTGACACACCCCATCAC

CAAGATCGACAGAGAGGTGCTGTACCAAGAGTTCGACGAG

ATGGAAGAGTGCAGCCAGCACTACCCCTACGACGTGCCAG

ATTATGCTGGCGGAGGTGGCAGCGGAGGCACCGATGAATT
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TCCAACCATGGTGTTCCCCAGCGGCCAGATCTCTCAGGCAT

CTGCTCTTGCTCCAGCTCCACCTCAGGTTCTGCCTCAAGCTC

CTGCTCCGGCTCCTGCACCAGCTATGGTGTCTGCACTTGCTC

AGGCACCAGCTCCAGTGCCTGTTCTTGCTCCTGGACCTCCTC

AGGCTGTTGCTCCACCAGCACCTAAACCTACACAGGCCGGC

GAGGGAACACTGTCTGAAGCCCTGCTGCAACTCCAGTTCGA

TGACGAAGATCTGGGCGCCCTGCTGGGAAACTCTACAGATC

CTGCCGTGTTTACCGATCTGGCCAGCGTGGACAACAGCGAG

TTTCAGCAGCTCCTGAACCAGGGCATCCCAGTGGCTCCTCA

CACCACAGAGCCTATGCTGATGGAATACCCCGAGGCCATCA

CCAGACTGGTCACCGGCGCACAAAGACCACCTGATCCTGCT

CCAGCACCGCTTGGAGCACCTGGACTGCCTAATGGACTGCT

GTCTGGCGACGAGGACTTCAGTTCTATCGCTGATATGGATT

TCTCTGCCCTTCTGTCTCAGATTAGTAGCCAGCTGTAA (SEQ 

ID NO: 146) 

SB0266

8 

p65-based 

synTF 

See SEQ ID NO: 145 

SB0266

8 

IL-12 See SEQ ID NO: 93 

SB0266

8 

IL-15 See SEQ ID NO: 141 

SB0266

8 

2A 

peptide 

See SEQ ID NO: 142 

SB0266

8 

insulator 

+ 

inducible 

YB-TATA 

promoter 

IL12_2A_

IL-15 

inverted 

strand, 

forward 

strand 

SFFV 

synTF-

p65 

tccccagcatgcctgctattctcttcccaatcctcccccttgctgtcctgccccaccccaccccccag

aatagaatgacacctactcagacaatgcgatgcaatttcctcattttattaggaaaggacagtggga

gtggcaccttccagggtcaaggaaggcacgggggaggggcaaacaacagatggctggcaacta

gaaggcacagttaGCTGGTGTTGATGAACATCTGCACGATGTGCAC

GAAGCTCTGCAGGAACTCTTTGATATTCTTTTCTTCCAGTTC

CTCGCATTCTTTGCAGCCGGACTCGGTCACATTGCCGTTGG

AGGACAGGCTGTTGTTGGCCAGGATGATCAGGTTTTCCACG

GTATCGTGGATGGAGGCGTCGCCGCTTTCCAGGCTGATCAC

TTGCAGCTCGAGCAGAAAGCACTTCATGGCGGTCACTTTAC

AGCTAGGGTGCACGTCGCTCTCGGTGTACAGTGTGGCGTCG

ATGTGCATGCTCTGGATCAGATCCTCGATCTTCTTCAGATCG

CTGATCACGTTGACCCAGTTGCCTGTAGAGCCGGGCACCCA

AAGAAGCAGCACCCACAGCAGCAGTGTGTCGGTTTCCATA

GGTCCAGGGTTTTCCTCCACGTCTCCACACGTCAGTAGACT

CCCGCGTCCCTCGCCAGATCCTCTCTTCCGTCTACTGGCGTT

CAGGTAGGACATCACGCGGTCAATGGTCACGGCTCGAATG

CGGAAAGCGTGCAACAGGATGCACAGCTTGATCTTGGTCTT

GTAGAAGTCCGGTTCTTCCAGGCTGGACTTTTGAGGCACAG

TCTCGGAGTTGAAATTCAGGGCCTGCATCAGTTCATCAATC

ACGGCGAGCATATTCTGGTCCAGGAAGATCTGCCGCTTCGG

GTCCATGAGCAGCTTGGCGTTCATGGTCTTGAACTCGACCT

GATACATCTTCAGATCTTCGTAGATCGAGGAAAGACAGAGC

GCCATCATGAATGAGGTCTTTCTCGACGCCAGGCAGCTGCC

GTTAGTGATAAAGCTTGTCTCGCGGGAGTTCAGACACGATT

CGTTCTTGGTCAGTTCCAGCGGCAGGCAGGCTTCCACGGTC

GAGGTCTTGTCCTTGGTGATGTCCTCGTGATCAATTTCTTCC

GAGGTGCAGGGGTAGAACTCAAGGGTCTGGCGGGCCTTCT
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GCAACATGTTCGACACAGCCCTCAGGAGGTTTTGGGAGTGG

TGTAGGCACGGGAACATTCCAGGGTCGGGGGTTGCCACAG

GGAGGTTCCGGGAACCTCCTCCGGAGCCTCCTCCTGAACCT

CCGCCTGATCCGCCACCGGAACAAGGCACGCTGGCCCATTC

GCTCCAGGAGGACGAGTAGTATCTATCCTGCGCCCGGACGC

TGATTGACGCGTTCTTCCGACAAATCACAGTGGCGGAGGTT

TTGTCGGTGAACACCCGGTCTTTCTTCTCCCGTTTGGACTTT

CCCTGCACTTGCACACAGAAAGTGAGCGAGAAGTATGAGT

GCGGGGTGCTCCAAGTGTCTGGATATTCCCAAGACACTTCC

ACTTGGCGGGAGTTCTTGAGTGGCTTCAGCTGCAAGTTCTT

GGGGGGGTCAGGCTTGATGATGTCGCGGATAAAGAAGGAG

GAAGTGTAGTTCTCGTATTTCAGCTTATGCACGGCATCGAC

CATGACCTCGATAGGCAGGGACTCTTCCGCGGCAGGGCAG

GCGCTGTCCTCCTGGCATTCCACGGAGTACTCATATTCCTTG

TTGTCTCCCCTGACTCTCTCGGCGGACAGAGTGGCGGCTCC

ACAGGTCACGCCCTGAGGATCGCTTGATCCCCGTGACGACT

TCACGGAGAAAGTCAGGTCGGTGGAGATTGTCGTCAGCCA

CCAACAGGTGAACCGACCGCTGTAGTTCTTGGCTTCGCAGC

GGAGGAAGGTCTTGTTCTTCGGTTCTTTTTGGTCCTTGAGGA

TGTCAGTGGACCAGATTCCATCCTCTTTCTTGTGCAGCAGC

AGCAGGGAGTGGGACAGCACTTCGCCACCCTTGTGGCAAG

TGTACTGGCCCGCGTCGCCGAACTCCTTGACTTGAATGGTC

AGGGTCTTTCCGCTTCCGAGCACCTCGGAGCTCTGATCCAG

GGTCCAGGTTATGCCGTCCTCTTCTGGCGTATCGCAAGTCA

GCACGACCATTTCTCCAGGGGCGTCCGGGTACCAATCCAGC

TCGACCACGTAGACGTCCTTCTTCAGTTCCCAAATGGCGAC

CAGAGGGGAAGCGAGGAACACAAGGGAGAACCAGGAGAT

GACGAGTTGCTGATGGCACATCATGGTGGCGACACCGGTAC

GCGTTGGCCCCCATTATATACCCTCTAGAACTAGTtatccactccg

tgtaagggagagtgagcctcttacgaatgCGCGACATCGGCTACGCCgttccgag

gcgactgatacgCGCGACATCGGCTACGCCgtacgaaggcagtccgattgCG

CGACATCGGCTACGCCgacctttactgagacgggagCGCGACATCGGC

TACGCCgaaggcgttgcgaatcctcatgcgattgttacgaaacccgTTAATTAAAG

AGCGAGATTCCGTCTCAAAGAAAAAAAAAGTAATGAAATG

AATAAAATGAGTCCTAGAGCCAGTAAATGTCGTAAATGTCT

CAGCTAGTCAGGTAGTAAAAGGTCTCAACTAGGCAGTGGC

AGAGCAGGATTCAAATTCAGGGCTGTTGTGATGCCTCCGCA

GACTCTGAGCGCCACCTGGTGGTAATTTGTCTGTGCCTCTTC

TGACGTGGAAGAACAGCAACTAACACACTAACACGGCATT

TACTATGGGCCAGCCATTGTCCATCTAGATGGccgataaaataaaag

attttatttagtctccagaaaaaggggggaatgaaagaccccacctgtaggtttggcaagctagctg

cagtaacgccattttgcaaggcatggaaaaataccaaaccaagaatagagaagttcagatcaagg

gcgggtacatgaaaatagctaacgttgggccaaacaggatatctgcggtgagcagtttcggcccc

ggcccggggccaagaacagatggtcaccgcagtttcggccccggcccgaggccaagaacagat

ggtccccagatatggcccaaccctcagcagtttcttaagacccatcagatgtttccaggctccccca

aggacctgaaatgaccctgcgccttatttgaattaaccaatcagcctgcttctcgcttctgttcgcgcg

cttctgcttcccgagctctataaaagagctcacaacccctcactcggcgcgccagtcctccgacag

actgagtcgcccgggGGATCCGCCACCATGAGTAGACCTGGCGAAA

GACCATTTCAGTGCAGAATTTGTATGCGGAACTTCAGCAGA

AGGCACGGCCTGGACAGACACACCAGAACACACACAGGCG
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AGAAGCCTTTCCAGTGTAGAATCTGTATGCGCAATTTCAGC

GACCACAGCAGCCTGAAGCGGCACCTGAGAACCCATACCG

GCAGCCAGAAACCATTTCAATGCCGCATCTGTATGAGAAAC

TTCTCCGTGCGGCACAACCTGACCAGACACCTGAGGACACA

CACCGGGGAGAAACCCTTCCAGTGCCGGATATGCATGAGG

AATTTCTCCGACCACTCCAACCTGAGCCGCCACCTGAAAAC

TCACACCGGCTCTCAAAAGCCATTTCAGTGTCGTATATGTA

TGCGGAATTTTTCCCAGCGGAGCAGCCTCGTGCGCCATCTG

AGGACTCATACTGGCGAAAAGCCCTTCCAATGTCGCATATG

CATGCGCAACTTTAGCGAGTCCGGCCACCTGAAGAGACATC

TGCGGACACACCTGAGAGGCAGCACCTGTAGAGACTACAA

GGACCACGACGGCGATTATAAGGATCACGACATCGACTAC

AAAGACGACGATGACAAGATGGCCCCTAAGAAGAAGCGGA

AAGTCGGCATCCATGGCGTGCCAGGTGGACTTGAAGGTGG

CGGAGGATCTGGCGGCACAGAGGATGTTGTGTGCTGCCAC

AGCATCTACGGCAAGAAGAAGGGCGACATCGATACCTATC

GGTACATCGGCAGCAGCGGCACAGGCTGCGTTGTGATCGTG

GGAAGAATCGTGCTGAGCGGCTCTGGCACAAGCGCCCCTAT

TACAGCCTACGCTCAGCAGACAAGAGGCCTGCTGGGCTGC

ATCATCACAAGCCTGACCGGCAGAGACAAGAACCAGGTGG

AAGGCGAGGTGCAGATCGTGTCTACAGCTACCCAGACCTTC

CTGGCCACCTGTATCAATGGCGTGTGCTGGGCCGTGTATCA

CGGCGCTGGAACCAGAACAATCGCCTCTCCTAAGGGACCC

GTGATCCAGATGTACACCAACGTGGACCAGGACCTCGTTGG

CTGGCCTGCTCCTCAGGGAAGTAGAAGCCTGACACCTTGCA

CCTGTGGCTCCAGCGATCTGTACCTGGTCACCAGACACGCC

GACGTGATCCCTGTCAGAAGAAGAGGAGATTCCAGAGGCA

GCCTGCTGAGCCCTAGACCTATCAGCTACCTGAAGGGCAGC

TCTGGCGGACCTCTGCTTTGTCCTGCTGGACATGCCGTGGG

CCTGTTTAGAGCCGCCGTGTGTACAAGAGGCGTGGCAAAG

GCCGTGGACTTCATCCCCGTGGAAAACCTGGAAACCACCAT

GCGGAGCCCCGTGTTCACCGACAATTCTAGCCCTCCAGCCG

TGACACTGACACACCCCATCACCAAGATCGACAGAGAGGT

GCTGTACCAAGAGTTCGACGAGATGGAAGAGTGCAGCCAG

CACTACCCCTACGACGTGCCAGATTATGCTGGCGGAGGTGG

CAGCGGAGGCACCGATGAATTTCCAACCATGGTGTTCCCCA

GCGGCCAGATCTCTCAGGCATCTGCTCTTGCTCCAGCTCCA

CCTCAGGTTCTGCCTCAAGCTCCTGCTCCGGCTCCTGCACCA

GCTATGGTGTCTGCACTTGCTCAGGCACCAGCTCCAGTGCC

TGTTCTTGCTCCTGGACCTCCTCAGGCTGTTGCTCCACCAGC

ACCTAAACCTACACAGGCCGGCGAGGGAACACTGTCTGAA

GCCCTGCTGCAACTCCAGTTCGATGACGAAGATCTGGGCGC

CCTGCTGGGAAACTCTACAGATCCTGCCGTGTTTACCGATC

TGGCCAGCGTGGACAACAGCGAGTTTCAGCAGCTCCTGAAC

CAGGGCATCCCAGTGGCTCCTCACACCACAGAGCCTATGCT

GATGGAATACCCCGAGGCCATCACCAGACTGGTCACCGGC

GCACAAAGACCACCTGATCCTGCTCCAGCACCGCTTGGAGC

ACCTGGACTGCCTAATGGACTGCTGTCTGGCGACGAGGACT

TCAGTTCTATCGCTGATATGGATTTCTCTGCCCTTCTGTCTC

AGATTAGTAGCCAGCTGTAA (SEQ ID NO: 177) 
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SB0267

0 

VPR-

based 

synTF 

MSRPGERPFQCRICMRNFSRRHGLDRHTRTHTGEKPFQCRICM

RNFSDHSSLKRHLRTHTGSQKPFQCRICMRNFSVRHNLTRHLR

THTGEKPFQCRICMRNFSDHSNLSRHLKTHTGSQKPFQCRICM

RNFSQRSSLVRHLRTHTGEKPFQCRICMRNFSESGHLKRHLRT

HLRGSTCRDYKDHDGDYKDHDIDYKDDDDKMAPKKKRKVG

IHGVPGGLEGGGGSGGTEDVVCCHSIYGKKKGDIDTYRYIGSS

GTGCVVIVGRIVLSGSGTSAPITAYAQQTRGLLGCIITSLTGRD

KNQVEGEVQIVSTATQTFLATCINGVCWAVYHGAGTRTIASP

KGPVIQMYTNVDQDLVGWPAPQGSRSLTPCTCGSSDLYLVTR

HADVIPVRRRGDSRGSLLSPRPISYLKGSSGGPLLCPAGHAVGL

FRAAVCTRGVAKAVDFIPVENLETTMRSPVFTDNSSPPAVTLT

HPITKIDREVLYQEFDEMEECSQHYPYDVPDYAGGGGSGGTE

ASGSGRADALDDFDLDMLGSDALDDFDLDMLGSDALDDFDL

DMLGSDALDDFDLDMLINSRSSGSPKKKRKVGSQYLPDTDDR

HRIEEKRKRTYETFKSIMKKSPFSGPTDPRPPPRRIAVPSRSSAS

VPKPAPQPYPFTSSLSTINYDEFPTMVFPSGQISQASALAPAPPQ

VLPQAPAPAPAPAMVSALAQAPAPVPVLAPGPPQAVAPPAPK

PTQAGEGTLSEALLQLQFDDEDLGALLGNSTDPAVFTDLASV

DNSEFQQLLNQGIPVAPHTTEPMLMEYPEAITRLVTGAQRPPD

PAPAPLGAPGLPNGLLSGDEDFSSIADMDFSALLGSGSGSRDSR

EGMFLPKPEAGSAISDVFEGREVCQPKRIRPFHPPGSPWANRPL

PASLAPTPTGPVHEPVGSLTPAPVPQPLDPAPAVTPEASHLLED

PDEETSQAVKALREMADTVIPQKEEAAICGQMDLSHPPPRGHL

DELTTTLESMTEDLNLDSPLTPELNEILDTFLNDECLLHAMHIS

TGLSIFDTSLF (SEQ ID NO: 147) 

SB0267

0 

IL-12 See SEQ ID NO: 93 

SB0267

0 

insulator 

+ 

inducible 

YB-TATA 

promoter 

IL12 

inverted 

strand, 

forward 

strand 

SFFV 

synTF-

VPR 

tccccagcatgcctgctattctcttcccaatcctcccccttgctgtcctgccccaccccaccccccag

aatagaatgacacctactcagacaatgcgatgcaatttcctcattttattaggaaaggacagtggga

gtggcaccttccagggtcaaggaaggcacgggggaggggcaaacaacagatggctggcaacta

gaaggcacagttaACTGGCGTTCAGGTAGGACATCACGCGGTCAA

TGGTCACGGCTCGAATGCGGAAAGCGTGCAACAGGATGCA

CAGCTTGATCTTGGTCTTGTAGAAGTCCGGTTCTTCCAGGCT

GGACTTTTGAGGCACAGTCTCGGAGTTGAAATTCAGGGCCT

GCATCAGTTCATCAATCACGGCGAGCATATTCTGGTCCAGG

AAGATCTGCCGCTTCGGGTCCATGAGCAGCTTGGCGTTCAT

GGTCTTGAACTCGACCTGATACATCTTCAGATCTTCGTAGA

TCGAGGAAAGACAGAGCGCCATCATGAATGAGGTCTTTCTC

GACGCCAGGCAGCTGCCGTTAGTGATAAAGCTTGTCTCGCG

GGAGTTCAGACACGATTCGTTCTTGGTCAGTTCCAGCGGCA

GGCAGGCTTCCACGGTCGAGGTCTTGTCCTTGGTGATGTCC

TCGTGATCAATTTCTTCCGAGGTGCAGGGGTAGAACTCAAG

GGTCTGGCGGGCCTTCTGCAACATGTTCGACACAGCCCTCA

GGAGGTTTTGGGAGTGGTGTAGGCACGGGAACATTCCAGG

GTCGGGGGTTGCCACAGGGAGGTTCCGGGAACCTCCTCCGG

AGCCTCCTCCTGAACCTCCGCCTGATCCGCCACCGGAACAA

GGCACGCTGGCCCATTCGCTCCAGGAGGACGAGTAGTATCT

ATCCTGCGCCCGGACGCTGATTGACGCGTTCTTCCGACAAA

TCACAGTGGCGGAGGTTTTGTCGGTGAACACCCGGTCTTTC

TTCTCCCGTTTGGACTTTCCCTGCACTTGCACACAGAAAGTG
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AGCGAGAAGTATGAGTGCGGGGTGCTCCAAGTGTCTGGAT

ATTCCCAAGACACTTCCACTTGGCGGGAGTTCTTGAGTGGC

TTCAGCTGCAAGTTCTTGGGGGGGTCAGGCTTGATGATGTC

GCGGATAAAGAAGGAGGAAGTGTAGTTCTCGTATTTCAGCT

TATGCACGGCATCGACCATGACCTCGATAGGCAGGGACTCT

TCCGCGGCAGGGCAGGCGCTGTCCTCCTGGCATTCCACGGA

GTACTCATATTCCTTGTTGTCTCCCCTGACTCTCTCGGCGGA

CAGAGTGGCGGCTCCACAGGTCACGCCCTGAGGATCGCTTG

ATCCCCGTGACGACTTCACGGAGAAAGTCAGGTCGGTGGA

GATTGTCGTCAGCCACCAACAGGTGAACCGACCGCTGTAGT

TCTTGGCTTCGCAGCGGAGGAAGGTCTTGTTCTTCGGTTCTT

TTTGGTCCTTGAGGATGTCAGTGGACCAGATTCCATCCTCTT

TCTTGTGCAGCAGCAGCAGGGAGTGGGACAGCACTTCGCC

ACCCTTGTGGCAAGTGTACTGGCCCGCGTCGCCGAACTCCT

TGACTTGAATGGTCAGGGTCTTTCCGCTTCCGAGCACCTCG

GAGCTCTGATCCAGGGTCCAGGTTATGCCGTCCTCTTCTGG

CGTATCGCAAGTCAGCACGACCATTTCTCCAGGGGCGTCCG

GGTACCAATCCAGCTCGACCACGTAGACGTCCTTCTTCAGT

TCCCAAATGGCGACCAGAGGGGAAGCGAGGAACACAAGGG

AGAACCAGGAGATGACGAGTTGCTGATGGCACATCATGGT

GGCGACACCGGTACGCGTTGGCCCCCATTATATACCCTCTA

GAACTAGTtatccactccgtgtaagggagagtgagcctcttacgaatgCGCGACAT

CGGCTACGCCgttccgaggcgactgatacgCGCGACATCGGCTACGCC

gtacgaaggcagtccgattgCGCGACATCGGCTACGCCgacctttactgagacgg

gagCGCGACATCGGCTACGCCgaaggcgttgcgaatcctcatgcgattgttacga

aacccgTTAATTAAAGAGCGAGATTCCGTCTCAAAGAAAAAA

AAAGTAATGAAATGAATAAAATGAGTCCTAGAGCCAGTAA

ATGTCGTAAATGTCTCAGCTAGTCAGGTAGTAAAAGGTCTC

AACTAGGCAGTGGCAGAGCAGGATTCAAATTCAGGGCTGT

TGTGATGCCTCCGCAGACTCTGAGCGCCACCTGGTGGTAAT

TTGTCTGTGCCTCTTCTGACGTGGAAGAACAGCAACTAACA

CACTAACACGGCATTTACTATGGGCCAGCCATTGTCCATCT

AGATGGccgataaaataaaagattttatttagtctccagaaaaaggggggaatgaaagaccc

cacctgtaggtttggcaagctagctgcagtaacgccattttgcaaggcatggaaaaataccaaacc

aagaatagagaagttcagatcaagggcgggtacatgaaaatagctaacgttgggccaaacaggat

atctgcggtgagcagtttcggccccggcccggggccaagaacagatggtcaccgcagtttcggc

cccggcccgaggccaagaacagatggtccccagatatggcccaaccctcagcagtttcttaagac

ccatcagatgtttccaggctcccccaaggacctgaaatgaccctgcgccttatttgaattaaccaatc

agcctgcttctcgcttctgttcgcgcgcttctgcttcccgagctctataaaagagctcacaacccctca

ctcggcgcgccagtcctccgacagactgagtcgcccgggGGATCCGCCACCATG

AGTAGACCTGGCGAAAGACCATTTCAGTGCAGAATTTGTAT

GCGGAACTTCAGCAGAAGGCACGGCCTGGACAGACACACC

AGAACACACACAGGCGAGAAGCCTTTCCAGTGTAGAATCT

GTATGCGCAATTTCAGCGACCACAGCAGCCTGAAGCGGCA

CCTGAGAACCCATACCGGCAGCCAGAAACCATTTCAATGCC

GCATCTGTATGAGAAACTTCTCCGTGCGGCACAACCTGACC

AGACACCTGAGGACACACACCGGGGAGAAACCCTTCCAGT

GCCGGATATGCATGAGGAATTTCTCCGACCACTCCAACCTG

AGCCGCCACCTGAAAACTCACACCGGCTCTCAAAAGCCATT

TCAGTGTCGTATATGTATGCGGAATTTTTCCCAGCGGAGCA
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GCCTCGTGCGCCATCTGAGGACTCATACTGGCGAAAAGCCC

TTCCAATGTCGCATATGCATGCGCAACTTTAGCGAGTCCGG

CCACCTGAAGAGACATCTGCGGACACACCTGAGAGGCAGC

ACCTGTAGAGACTACAAGGACCACGACGGCGATTATAAGG

ATCACGACATCGACTACAAAGACGACGATGACAAGATGGC

CCCTAAGAAGAAGCGGAAAGTCGGCATCCATGGCGTGCCA

GGTGGACTTGAAGGTGGCGGAGGATCTGGCGGCACAGAGG

ATGTTGTGTGCTGCCACAGCATCTACGGCAAGAAGAAGGG

CGACATCGATACCTATCGGTACATCGGCAGCAGCGGCACA

GGCTGCGTTGTGATCGTGGGAAGAATCGTGCTGAGCGGCTC

TGGCACAAGCGCCCCTATTACAGCCTACGCTCAGCAGACAA

GAGGCCTGCTGGGCTGCATCATCACAAGCCTGACCGGCAG

AGACAAGAACCAGGTGGAAGGCGAGGTGCAGATCGTGTCT

ACAGCTACCCAGACCTTCCTGGCCACCTGTATCAATGGCGT

GTGCTGGGCCGTGTATCACGGCGCTGGAACCAGAACAATC

GCCTCTCCTAAGGGACCCGTGATCCAGATGTACACCAACGT

GGACCAGGACCTCGTTGGCTGGCCTGCTCCTCAGGGAAGTA

GAAGCCTGACACCTTGCACCTGTGGCTCCAGCGATCTGTAC

CTGGTCACCAGACACGCCGACGTGATCCCTGTCAGAAGAA

GAGGAGATTCCAGAGGCAGCCTGCTGAGCCCTAGACCTATC

AGCTACCTGAAGGGCAGCTCTGGCGGACCTCTGCTTTGTCC

TGCTGGACATGCCGTGGGCCTGTTTAGAGCCGCCGTGTGTA

CAAGAGGCGTGGCAAAGGCCGTGGACTTCATCCCCGTGGA

AAACCTGGAAACCACCATGCGGAGCCCCGTGTTCACCGAC

AATTCTAGCCCTCCAGCCGTGACACTGACACACCCCATCAC

CAAGATCGACAGAGAGGTGCTGTACCAAGAGTTCGACGAG

ATGGAAGAGTGCAGCCAGCACTACCCCTACGACGTGCCAG

ATTATGCTGGCGGAGGTGGCAGCGGAGGCACCGAAGCCTC

TGGAAGCGGCAGAGCTGACGCCCTGGATGACTTCGACCTG

GATATGCTGGGCAGCGACGCTCTGGACGATTTTGACCTCGA

CATGCTGGGATCTGATGCACTCGACGATTTCGATTTGGACA

TGCTCGGCAGTGATGCCTTGGACGACTTTGATCTTGATATG

CTCATCAACAGCCGGTCCAGCGGCAGCCCCAAGAAAAAAA

GAAAAGTGGGCTCCCAGTACCTGCCTGACACCGACGACAG

ACACCGGATCGAGGAAAAGCGGAAGCGGACCTACGAGACA

TTCAAGAGCATCATGAAGAAGTCCCCATTCAGCGGCCCCAC

CGATCCTAGACCTCCACCTAGAAGAATCGCCGTGCCTAGCA

GATCTAGCGCCTCCGTGCCTAAACCTGCTCCTCAGCCTTATC

CTTTCACCAGCAGCCTGAGCACCATCAACTACGACGAGTTC

CCTACCATGGTGTTCCCCAGCGGCCAGATCTCTCAGGCTTC

TGCTCTTGCTCCAGCTCCTCCTCAGGTTCTGCCTCAAGCTCC

TGCACCAGCACCGGCTCCAGCTATGGTTTCTGCTTTGGCTC

AGGCCCCTGCTCCTGTGCCTGTTCTTGCTCCTGGACCACCTC

AGGCTGTTGCTCCTCCTGCTCCAAAACCTACACAGGCCGGC

GAAGGCACACTGTCTGAAGCTCTGCTGCAGCTCCAGTTCGA

TGACGAAGATCTGGGCGCCCTGCTGGGCAATTCTACAGATC

CTGCCGTGTTTACCGATCTGGCCAGCGTGGACAACAGCGAG

TTTCAGCAGCTCCTGAATCAGGGCATCCCTGTGGCTCCTCA

CACCACCGAACCTATGCTGATGGAATACCCCGAGGCCATCA

CCAGACTGGTCACCGGTGCTCAAAGACCACCTGATCCAGCT
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CCAGCACCACTGGGAGCACCTGGACTGCCTAATGGACTGCT

GTCTGGCGACGAGGACTTCAGCTCTATCGCCGACATGGATT

TCTCTGCCCTGCTCGGCTCTGGCAGCGGCTCTAGAGATAGC

AGAGAAGGCATGTTCCTGCCTAAGCCTGAGGCCGGCTCTGC

CATCTCCGATGTGTTCGAGGGAAGAGAAGTGTGCCAGCCTA

AGCGGATCCGGCCTTTTCACCCTCCTGGAAGCCCTTGGGCC

AACAGACCTCTGCCTGCTTCTCTGGCCCCTACACCAACAGG

ACCTGTGCACGAACCTGTGGGCAGTCTGACCCCAGCTCCTG

TTCCTCAACCTCTGGATCCCGCTCCTGCTGTGACACCTGAA

GCCTCTCATCTGCTGGAAGATCCCGACGAAGAGACAAGCC

AGGCCGTGAAGGCCCTGAGAGAAATGGCCGACACAGTGAT

CCCTCAGAAAGAGGAAGCCGCCATCTGCGGACAGATGGAC

CTGTCTCATCCTCCACCAAGAGGCCACCTGGACGAGCTGAC

AACCACACTGGAATCCATGACCGAGGACCTGAACCTGGAC

AGCCCTCTGACACCCGAGCTGAACGAGATCCTGGACACCTT

CCTGAACGACGAGTGTCTGCTGCACGCCATGCACATCTCTA

CCGGCCTGAGCATCTTCGACACCAGCCTGTTTTGA (SEQ ID 

NO: 148) 

SB0267

1 

IL-12 See SEQ ID NO: 93 

SB0267

1 

IL-15 See SEQ ID NO: 141 

SB0267

1 

2A 

peptide 

See SEQ ID NO: 142 

SB0267

1 

VPR-

based 

synTF 

See SEQ ID NO: 147 

SB0267

1 

insulator 

+ 

inducible 

YB-TATA 

promoter 

IL12_2A_

IL-15 

inverted 

strand, 

forward 

strand 

SFFV 

synTF-

VPR 

tccccagcatgcctgctattctcttcccaatcctcccccttgctgtcctgccccaccccaccccccag

aatagaatgacacctactcagacaatgcgatgcaatttcctcattttattaggaaaggacagtggga

gtggcaccttccagggtcaaggaaggcacgggggaggggcaaacaacagatggctggcaacta

gaaggcacagttaGCTGGTGTTGATGAACATCTGCACGATGTGCAC

GAAGCTCTGCAGGAACTCTTTGATATTCTTTTCTTCCAGTTC

CTCGCATTCTTTGCAGCCGGACTCGGTCACATTGCCGTTGGA

GGACAGGCTGTTGTTGGCCAGGATGATCAGGTTTTCCACGG

TATCGTGGATGGAGGCGTCGCCGCTTTCCAGGCTGATCACTT

GCAGCTCGAGCAGAAAGCACTTCATGGCGGTCACTTTACAG

CTAGGGTGCACGTCGCTCTCGGTGTACAGTGTGGCGTCGAT

GTGCATGCTCTGGATCAGATCCTCGATCTTCTTCAGATCGCT

GATCACGTTGACCCAGTTGCCTGTAGAGCCGGGCACCCAAA

GAAGCAGCACCCACAGCAGCAGTGTGTCGGTTTCCATAGGT

CCAGGGTTTTCCTCCACGTCTCCACACGTCAGTAGACTCCC

GCGTCCCTCGCCAGATCCTCTCTTCCGTCTACTGGCGTTCAG

GTAGGACATCACGCGGTCAATGGTCACGGCTCGAATGCGGA

AAGCGTGCAACAGGATGCACAGCTTGATCTTGGTCTTGTAG

AAGTCCGGTTCTTCCAGGCTGGACTTTTGAGGCACAGTCTC

GGAGTTGAAATTCAGGGCCTGCATCAGTTCATCAATCACGG

CGAGCATATTCTGGTCCAGGAAGATCTGCCGCTTCGGGTCCA

TGAGCAGCTTGGCGTTCATGGTCTTGAACTCGACCTGATACA

TCTTCAGATCTTCGTAGATCGAGGAAAGACAGAGCGCCATC

ATGAATGAGGTCTTTCTCGACGCCAGGCAGCTGCCGTTAGT



201 

 

GATAAAGCTTGTCTCGCGGGAGTTCAGACACGATTCGTTCTT

GGTCAGTTCCAGCGGCAGGCAGGCTTCCACGGTCGAGGTCT

TGTCCTTGGTGATGTCCTCGTGATCAATTTCTTCCGAGGTGC

AGGGGTAGAACTCAAGGGTCTGGCGGGCCTTCTGCAACATG

TTCGACACAGCCCTCAGGAGGTTTTGGGAGTGGTGTAGGCA

CGGGAACATTCCAGGGTCGGGGGTTGCCACAGGGAGGTTCC

GGGAACCTCCTCCGGAGCCTCCTCCTGAACCTCCGCCTGAT

CCGCCACCGGAACAAGGCACGCTGGCCCATTCGCTCCAGGA

GGACGAGTAGTATCTATCCTGCGCCCGGACGCTGATTGACGC

GTTCTTCCGACAAATCACAGTGGCGGAGGTTTTGTCGGTGA

ACACCCGGTCTTTCTTCTCCCGTTTGGACTTTCCCTGCACTT

GCACACAGAAAGTGAGCGAGAAGTATGAGTGCGGGGTGCT

CCAAGTGTCTGGATATTCCCAAGACACTTCCACTTGGCGGG

AGTTCTTGAGTGGCTTCAGCTGCAAGTTCTTGGGGGGGTCA

GGCTTGATGATGTCGCGGATAAAGAAGGAGGAAGTGTAGTT

CTCGTATTTCAGCTTATGCACGGCATCGACCATGACCTCGAT

AGGCAGGGACTCTTCCGCGGCAGGGCAGGCGCTGTCCTCCT

GGCATTCCACGGAGTACTCATATTCCTTGTTGTCTCCCCTGA

CTCTCTCGGCGGACAGAGTGGCGGCTCCACAGGTCACGCCC

TGAGGATCGCTTGATCCCCGTGACGACTTCACGGAGAAAGT

CAGGTCGGTGGAGATTGTCGTCAGCCACCAACAGGTGAACC

GACCGCTGTAGTTCTTGGCTTCGCAGCGGAGGAAGGTCTTG

TTCTTCGGTTCTTTTTGGTCCTTGAGGATGTCAGTGGACCAG

ATTCCATCCTCTTTCTTGTGCAGCAGCAGCAGGGAGTGGGA

CAGCACTTCGCCACCCTTGTGGCAAGTGTACTGGCCCGCGT

CGCCGAACTCCTTGACTTGAATGGTCAGGGTCTTTCCGCTTC

CGAGCACCTCGGAGCTCTGATCCAGGGTCCAGGTTATGCCG

TCCTCTTCTGGCGTATCGCAAGTCAGCACGACCATTTCTCCA

GGGGCGTCCGGGTACCAATCCAGCTCGACCACGTAGACGTC

CTTCTTCAGTTCCCAAATGGCGACCAGAGGGGAAGCGAGGA

ACACAAGGGAGAACCAGGAGATGACGAGTTGCTGATGGCA

CATCATGGTGGCGACACCGGTACGCGTTGGCCCCCATTATAT

ACCCTCTAGAACTAGTtatccactccgtgtaagggagagtgagcctcttacgaatgC

GCGACATCGGCTACGCCgttccgaggcgactgatacgCGCGACATCGG

CTACGCCgtacgaaggcagtccgattgCGCGACATCGGCTACGCCgaccttt

actgagacgggagCGCGACATCGGCTACGCCgaaggcgttgcgaatcctcatgc

gattgttacgaaacccgTTAATTAAAGAGCGAGATTCCGTCTCAAAGA

AAAAAAAAGTAATGAAATGAATAAAATGAGTCCTAGAGCCA

GTAAATGTCGTAAATGTCTCAGCTAGTCAGGTAGTAAAAGGT

CTCAACTAGGCAGTGGCAGAGCAGGATTCAAATTCAGGGCT

GTTGTGATGCCTCCGCAGACTCTGAGCGCCACCTGGTGGTA

ATTTGTCTGTGCCTCTTCTGACGTGGAAGAACAGCAACTAA

CACACTAACACGGCATTTACTATGGGCCAGCCATTGTCCATC

TAGATGGccgataaaataaaagattttatttagtctccagaaaaaggggggaatgaaagaccc

cacctgtaggtttggcaagctagctgcagtaacgccattttgcaaggcatggaaaaataccaaacc

aagaatagagaagttcagatcaagggcgggtacatgaaaatagctaacgttgggccaaacaggat

atctgcggtgagcagtttcggccccggcccggggccaagaacagatggtcaccgcagtttcggc

cccggcccgaggccaagaacagatggtccccagatatggcccaaccctcagcagtttcttaagac

ccatcagatgtttccaggctcccccaaggacctgaaatgaccctgcgccttatttgaattaaccaatc

agcctgcttctcgcttctgttcgcgcgcttctgcttcccgagctctataaaagagctcacaacccctca
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ctcggcgcgccagtcctccgacagactgagtcgcccgggGGATCCGCCACCATGA

GTAGACCTGGCGAAAGACCATTTCAGTGCAGAATTTGTATGC

GGAACTTCAGCAGAAGGCACGGCCTGGACAGACACACCAG

AACACACACAGGCGAGAAGCCTTTCCAGTGTAGAATCTGTA

TGCGCAATTTCAGCGACCACAGCAGCCTGAAGCGGCACCTG

AGAACCCATACCGGCAGCCAGAAACCATTTCAATGCCGCAT

CTGTATGAGAAACTTCTCCGTGCGGCACAACCTGACCAGAC

ACCTGAGGACACACACCGGGGAGAAACCCTTCCAGTGCCG

GATATGCATGAGGAATTTCTCCGACCACTCCAACCTGAGCCG

CCACCTGAAAACTCACACCGGCTCTCAAAAGCCATTTCAGT

GTCGTATATGTATGCGGAATTTTTCCCAGCGGAGCAGCCTCG

TGCGCCATCTGAGGACTCATACTGGCGAAAAGCCCTTCCAA

TGTCGCATATGCATGCGCAACTTTAGCGAGTCCGGCCACCTG

AAGAGACATCTGCGGACACACCTGAGAGGCAGCACCTGTA

GAGACTACAAGGACCACGACGGCGATTATAAGGATCACGAC

ATCGACTACAAAGACGACGATGACAAGATGGCCCCTAAGAA

GAAGCGGAAAGTCGGCATCCATGGCGTGCCAGGTGGACTTG

AAGGTGGCGGAGGATCTGGCGGCACAGAGGATGTTGTGTGC

TGCCACAGCATCTACGGCAAGAAGAAGGGCGACATCGATAC

CTATCGGTACATCGGCAGCAGCGGCACAGGCTGCGTTGTGA

TCGTGGGAAGAATCGTGCTGAGCGGCTCTGGCACAAGCGCC

CCTATTACAGCCTACGCTCAGCAGACAAGAGGCCTGCTGGG

CTGCATCATCACAAGCCTGACCGGCAGAGACAAGAACCAG

GTGGAAGGCGAGGTGCAGATCGTGTCTACAGCTACCCAGAC

CTTCCTGGCCACCTGTATCAATGGCGTGTGCTGGGCCGTGTA

TCACGGCGCTGGAACCAGAACAATCGCCTCTCCTAAGGGAC

CCGTGATCCAGATGTACACCAACGTGGACCAGGACCTCGTT

GGCTGGCCTGCTCCTCAGGGAAGTAGAAGCCTGACACCTTG

CACCTGTGGCTCCAGCGATCTGTACCTGGTCACCAGACACG

CCGACGTGATCCCTGTCAGAAGAAGAGGAGATTCCAGAGGC

AGCCTGCTGAGCCCTAGACCTATCAGCTACCTGAAGGGCAG

CTCTGGCGGACCTCTGCTTTGTCCTGCTGGACATGCCGTGGG

CCTGTTTAGAGCCGCCGTGTGTACAAGAGGCGTGGCAAAGG

CCGTGGACTTCATCCCCGTGGAAAACCTGGAAACCACCATG

CGGAGCCCCGTGTTCACCGACAATTCTAGCCCTCCAGCCGT

GACACTGACACACCCCATCACCAAGATCGACAGAGAGGTGC

TGTACCAAGAGTTCGACGAGATGGAAGAGTGCAGCCAGCA

CTACCCCTACGACGTGCCAGATTATGCTGGCGGAGGTGGCA

GCGGAGGCACCGAAGCCTCTGGAAGCGGCAGAGCTGACGC

CCTGGATGACTTCGACCTGGATATGCTGGGCAGCGACGCTCT

GGACGATTTTGACCTCGACATGCTGGGATCTGATGCACTCGA

CGATTTCGATTTGGACATGCTCGGCAGTGATGCCTTGGACGA

CTTTGATCTTGATATGCTCATCAACAGCCGGTCCAGCGGCAG

CCCCAAGAAAAAAAGAAAAGTGGGCTCCCAGTACCTGCCT

GACACCGACGACAGACACCGGATCGAGGAAAAGCGGAAGC

GGACCTACGAGACATTCAAGAGCATCATGAAGAAGTCCCCA

TTCAGCGGCCCCACCGATCCTAGACCTCCACCTAGAAGAAT

CGCCGTGCCTAGCAGATCTAGCGCCTCCGTGCCTAAACCTGC

TCCTCAGCCTTATCCTTTCACCAGCAGCCTGAGCACCATCAA

CTACGACGAGTTCCCTACCATGGTGTTCCCCAGCGGCCAGAT
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CTCTCAGGCTTCTGCTCTTGCTCCAGCTCCTCCTCAGGTTCT

GCCTCAAGCTCCTGCACCAGCACCGGCTCCAGCTATGGTTT

CTGCTTTGGCTCAGGCCCCTGCTCCTGTGCCTGTTCTTGCTC

CTGGACCACCTCAGGCTGTTGCTCCTCCTGCTCCAAAACCT

ACACAGGCCGGCGAAGGCACACTGTCTGAAGCTCTGCTGC

AGCTCCAGTTCGATGACGAAGATCTGGGCGCCCTGCTGGGC

AATTCTACAGATCCTGCCGTGTTTACCGATCTGGCCAGCGTG

GACAACAGCGAGTTTCAGCAGCTCCTGAATCAGGGCATCCC

TGTGGCTCCTCACACCACCGAACCTATGCTGATGGAATACCC

CGAGGCCATCACCAGACTGGTCACCGGTGCTCAAAGACCAC

CTGATCCAGCTCCAGCACCACTGGGAGCACCTGGACTGCCT

AATGGACTGCTGTCTGGCGACGAGGACTTCAGCTCTATCGC

CGACATGGATTTCTCTGCCCTGCTCGGCTCTGGCAGCGGCTC

TAGAGATAGCAGAGAAGGCATGTTCCTGCCTAAGCCTGAGG

CCGGCTCTGCCATCTCCGATGTGTTCGAGGGAAGAGAAGTG

TGCCAGCCTAAGCGGATCCGGCCTTTTCACCCTCCTGGAAG

CCCTTGGGCCAACAGACCTCTGCCTGCTTCTCTGGCCCCTAC

ACCAACAGGACCTGTGCACGAACCTGTGGGCAGTCTGACCC

CAGCTCCTGTTCCTCAACCTCTGGATCCCGCTCCTGCTGTGA

CACCTGAAGCCTCTCATCTGCTGGAAGATCCCGACGAAGAG

ACAAGCCAGGCCGTGAAGGCCCTGAGAGAAATGGCCGACA

CAGTGATCCCTCAGAAAGAGGAAGCCGCCATCTGCGGACAG

ATGGACCTGTCTCATCCTCCACCAAGAGGCCACCTGGACGA

GCTGACAACCACACTGGAATCCATGACCGAGGACCTGAACC

TGGACAGCCCTCTGACACCCGAGCTGAACGAGATCCTGGAC

ACCTTCCTGAACGACGAGTGTCTGCTGCACGCCATGCACAT

CTCTACCGGCCTGAGCATCTTCGACACCAGCCTGTTTTGA 

(SEQ ID NO: 149) 

SB0267

5 

IL-15 See SEQ ID NO: 141 

SB0267

5 

p65-based 

synTF 

See SEQ ID NO: 145 

SB0267

5 

insulator 

+ 

inducible 

YB-TATA 

promoter 

IL-15 

inverted 

strand, 

forward 

strand 

SFFV 

synTF-

p65 

tccccagcatgcctgctattctcttcccaatcctcccccttgctgtcctgccccaccccaccccccag

aatagaatgacacctactcagacaatgcgatgcaatttcctcattttattaggaaaggacagtggga

gtggcaccttccagggtcaaggaaggcacgggggaggggcaaacaacagatggctggcaacta

gaaggcacagttaGCTGGTGTTGATGAACATCTGCACGATGTGCAC

GAAGCTCTGCAGGAACTCTTTGATATTCTTTTCTTCCAGTTC

CTCGCATTCTTTGCAGCCGGACTCGGTCACATTGCCGTTGGA

GGACAGGCTGTTGTTGGCCAGGATGATCAGGTTTTCCACGG

TATCGTGGATGGAGGCGTCGCCGCTTTCCAGGCTGATCACTT

GCAGCTCGAGCAGAAAGCACTTCATGGCGGTCACTTTACAG

CTAGGGTGCACGTCGCTCTCGGTGTACAGTGTGGCGTCGAT

GTGCATGCTCTGGATCAGATCCTCGATCTTCTTCAGATCGCT

GATCACGTTGACCCAGTTGCCTGTAGAGCCGGGCACCCAAA

GAAGCAGCACCCACAGCAGCAGTGTGTCGGTTTCCATCATG

GTGGCGACACCGGTACGCGTTGGCCCCCATTATATACCCTCT

AGAACTAGTtatccactccgtgtaagggagagtgagcctcttacgaatgCGCGACA

TCGGCTACGCCgttccgaggcgactgatacgCGCGACATCGGCTACGCC

gtacgaaggcagtccgattgCGCGACATCGGCTACGCCgacctttactgagacgg

gagCGCGACATCGGCTACGCCgaaggcgttgcgaatcctcatgcgattgttacga
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aacccgTTAATTAAAGAGCGAGATTCCGTCTCAAAGAAAAAAA

AAGTAATGAAATGAATAAAATGAGTCCTAGAGCCAGTAAAT

GTCGTAAATGTCTCAGCTAGTCAGGTAGTAAAAGGTCTCAA

CTAGGCAGTGGCAGAGCAGGATTCAAATTCAGGGCTGTTGT

GATGCCTCCGCAGACTCTGAGCGCCACCTGGTGGTAATTTGT

CTGTGCCTCTTCTGACGTGGAAGAACAGCAACTAACACACT

AACACGGCATTTACTATGGGCCAGCCATTGTCCATCTAGATG

Gccgataaaataaaagattttatttagtctccagaaaaaggggggaatgaaagaccccacctgtag

gtttggcaagctagctgcagtaacgccattttgcaaggcatggaaaaataccaaaccaagaataga

gaagttcagatcaagggcgggtacatgaaaatagctaacgttgggccaaacaggatatctgcggt

gagcagtttcggccccggcccggggccaagaacagatggtcaccgcagtttcggccccggccc

gaggccaagaacagatggtccccagatatggcccaaccctcagcagtttcttaagacccatcagat

gtttccaggctcccccaaggacctgaaatgaccctgcgccttatttgaattaaccaatcagcctgctt

ctcgcttctgttcgcgcgcttctgcttcccgagctctataaaagagctcacaacccctcactcggcgc

gccagtcctccgacagactgagtcgcccgggGGATCCGCCACCATGAGTAGA

CCTGGCGAAAGACCATTTCAGTGCAGAATTTGTATGCGGAA

CTTCAGCAGAAGGCACGGCCTGGACAGACACACCAGAACA

CACACAGGCGAGAAGCCTTTCCAGTGTAGAATCTGTATGCG

CAATTTCAGCGACCACAGCAGCCTGAAGCGGCACCTGAGA

ACCCATACCGGCAGCCAGAAACCATTTCAATGCCGCATCTGT

ATGAGAAACTTCTCCGTGCGGCACAACCTGACCAGACACCT

GAGGACACACACCGGGGAGAAACCCTTCCAGTGCCGGATAT

GCATGAGGAATTTCTCCGACCACTCCAACCTGAGCCGCCAC

CTGAAAACTCACACCGGCTCTCAAAAGCCATTTCAGTGTCG

TATATGTATGCGGAATTTTTCCCAGCGGAGCAGCCTCGTGCG

CCATCTGAGGACTCATACTGGCGAAAAGCCCTTCCAATGTC

GCATATGCATGCGCAACTTTAGCGAGTCCGGCCACCTGAAG

AGACATCTGCGGACACACCTGAGAGGCAGCACCTGTAGAG

ACTACAAGGACCACGACGGCGATTATAAGGATCACGACATC

GACTACAAAGACGACGATGACAAGATGGCCCCTAAGAAGA

AGCGGAAAGTCGGCATCCATGGCGTGCCAGGTGGACTTGAA

GGTGGCGGAGGATCTGGCGGCACAGAGGATGTTGTGTGCTG

CCACAGCATCTACGGCAAGAAGAAGGGCGACATCGATACCT

ATCGGTACATCGGCAGCAGCGGCACAGGCTGCGTTGTGATC

GTGGGAAGAATCGTGCTGAGCGGCTCTGGCACAAGCGCCCC

TATTACAGCCTACGCTCAGCAGACAAGAGGCCTGCTGGGCT

GCATCATCACAAGCCTGACCGGCAGAGACAAGAACCAGGT

GGAAGGCGAGGTGCAGATCGTGTCTACAGCTACCCAGACCT

TCCTGGCCACCTGTATCAATGGCGTGTGCTGGGCCGTGTATC

ACGGCGCTGGAACCAGAACAATCGCCTCTCCTAAGGGACCC

GTGATCCAGATGTACACCAACGTGGACCAGGACCTCGTTGG

CTGGCCTGCTCCTCAGGGAAGTAGAAGCCTGACACCTTGCA

CCTGTGGCTCCAGCGATCTGTACCTGGTCACCAGACACGCC

GACGTGATCCCTGTCAGAAGAAGAGGAGATTCCAGAGGCA

GCCTGCTGAGCCCTAGACCTATCAGCTACCTGAAGGGCAGC

TCTGGCGGACCTCTGCTTTGTCCTGCTGGACATGCCGTGGGC

CTGTTTAGAGCCGCCGTGTGTACAAGAGGCGTGGCAAAGGC

CGTGGACTTCATCCCCGTGGAAAACCTGGAAACCACCATGC

GGAGCCCCGTGTTCACCGACAATTCTAGCCCTCCAGCCGTG

ACACTGACACACCCCATCACCAAGATCGACAGAGAGGTGCT
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GTACCAAGAGTTCGACGAGATGGAAGAGTGCAGCCAGCACT

ACCCCTACGACGTGCCAGATTATGCTGGCGGAGGTGGCAGC

GGAGGCACCGATGAATTTCCAACCATGGTGTTCCCCAGCGG

CCAGATCTCTCAGGCATCTGCTCTTGCTCCAGCTCCACCTCA

GGTTCTGCCTCAAGCTCCTGCTCCGGCTCCTGCACCAGCTAT

GGTGTCTGCACTTGCTCAGGCACCAGCTCCAGTGCCTGTTC

TTGCTCCTGGACCTCCTCAGGCTGTTGCTCCACCAGCACCTA

AACCTACACAGGCCGGCGAGGGAACACTGTCTGAAGCCCT

GCTGCAACTCCAGTTCGATGACGAAGATCTGGGCGCCCTGC

TGGGAAACTCTACAGATCCTGCCGTGTTTACCGATCTGGCCA

GCGTGGACAACAGCGAGTTTCAGCAGCTCCTGAACCAGGG

CATCCCAGTGGCTCCTCACACCACAGAGCCTATGCTGATGG

AATACCCCGAGGCCATCACCAGACTGGTCACCGGCGCACAA

AGACCACCTGATCCTGCTCCAGCACCGCTTGGAGCACCTGG

ACTGCCTAATGGACTGCTGTCTGGCGACGAGGACTTCAGTT

CTATCGCTGATATGGATTTCTCTGCCCTTCTGTCTCAGATTAG

TAGCCAGCTGTAA (SEQ ID NO: 150) 

SB0267

6 

VPR-

based 

synTF 

See SEQ ID NO: 147 

SB0267

6 

IL-15 See SEQ ID NO: 141 

SB0267

6 

insulator 

+ 

inducible 

YB-TATA 

promoter 

IL-15 

inverted 

strand, 

forward 

strand 

SFFV 

synTF-

VPR 

tccccagcatgcctgctattctcttcccaatcctcccccttgctgtcctgccccaccccaccccccag

aatagaatgacacctactcagacaatgcgatgcaatttcctcattttattaggaaaggacagtggga

gtggcaccttccagggtcaaggaaggcacgggggaggggcaaacaacagatggctggcaacta

gaaggcacagttaGCTGGTGTTGATGAACATCTGCACGATGTGCAC

GAAGCTCTGCAGGAACTCTTTGATATTCTTTTCTTCCAGTTC

CTCGCATTCTTTGCAGCCGGACTCGGTCACATTGCCGTTGGA

GGACAGGCTGTTGTTGGCCAGGATGATCAGGTTTTCCACGG

TATCGTGGATGGAGGCGTCGCCGCTTTCCAGGCTGATCACTT

GCAGCTCGAGCAGAAAGCACTTCATGGCGGTCACTTTACAG

CTAGGGTGCACGTCGCTCTCGGTGTACAGTGTGGCGTCGAT

GTGCATGCTCTGGATCAGATCCTCGATCTTCTTCAGATCGCT

GATCACGTTGACCCAGTTGCCTGTAGAGCCGGGCACCCAAA

GAAGCAGCACCCACAGCAGCAGTGTGTCGGTTTCCATCATG

GTGGCGACACCGGTACGCGTTGGCCCCCATTATATACCCTCT

AGAACTAGTtatccactccgtgtaagggagagtgagcctcttacgaatgCGCGACA

TCGGCTACGCCgttccgaggcgactgatacgCGCGACATCGGCTACGCC

gtacgaaggcagtccgattgCGCGACATCGGCTACGCCgacctttactgagacgg

gagCGCGACATCGGCTACGCCgaaggcgttgcgaatcctcatgcgattgttacga

aacccgTTAATTAAAGAGCGAGATTCCGTCTCAAAGAAAAAAA

AAGTAATGAAATGAATAAAATGAGTCCTAGAGCCAGTAAAT

GTCGTAAATGTCTCAGCTAGTCAGGTAGTAAAAGGTCTCAA

CTAGGCAGTGGCAGAGCAGGATTCAAATTCAGGGCTGTTGT

GATGCCTCCGCAGACTCTGAGCGCCACCTGGTGGTAATTTGT

CTGTGCCTCTTCTGACGTGGAAGAACAGCAACTAACACACT

AACACGGCATTTACTATGGGCCAGCCATTGTCCATCTAGATG

Gccgataaaataaaagattttatttagtctccagaaaaaggggggaatgaaagaccccacctgtag

gtttggcaagctagctgcagtaacgccattttgcaaggcatggaaaaataccaaaccaagaataga

gaagttcagatcaagggcgggtacatgaaaatagctaacgttgggccaaacaggatatctgcggt
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gagcagtttcggccccggcccggggccaagaacagatggtcaccgcagtttcggccccggccc

gaggccaagaacagatggtccccagatatggcccaaccctcagcagtttcttaagacccatcagat

gtttccaggctcccccaaggacctgaaatgaccctgcgccttatttgaattaaccaatcagcctgctt

ctcgcttctgttcgcgcgcttctgcttcccgagctctataaaagagctcacaacccctcactcggcgc

gccagtcctccgacagactgagtcgcccgggGGATCCGCCACCATGAGTAGA

CCTGGCGAAAGACCATTTCAGTGCAGAATTTGTATGCGGAA

CTTCAGCAGAAGGCACGGCCTGGACAGACACACCAGAACA

CACACAGGCGAGAAGCCTTTCCAGTGTAGAATCTGTATGCG

CAATTTCAGCGACCACAGCAGCCTGAAGCGGCACCTGAGA

ACCCATACCGGCAGCCAGAAACCATTTCAATGCCGCATCTGT

ATGAGAAACTTCTCCGTGCGGCACAACCTGACCAGACACCT

GAGGACACACACCGGGGAGAAACCCTTCCAGTGCCGGATAT

GCATGAGGAATTTCTCCGACCACTCCAACCTGAGCCGCCAC

CTGAAAACTCACACCGGCTCTCAAAAGCCATTTCAGTGTCG

TATATGTATGCGGAATTTTTCCCAGCGGAGCAGCCTCGTGCG

CCATCTGAGGACTCATACTGGCGAAAAGCCCTTCCAATGTC

GCATATGCATGCGCAACTTTAGCGAGTCCGGCCACCTGAAG

AGACATCTGCGGACACACCTGAGAGGCAGCACCTGTAGAG

ACTACAAGGACCACGACGGCGATTATAAGGATCACGACATC

GACTACAAAGACGACGATGACAAGATGGCCCCTAAGAAGA

AGCGGAAAGTCGGCATCCATGGCGTGCCAGGTGGACTTGAA

GGTGGCGGAGGATCTGGCGGCACAGAGGATGTTGTGTGCTG

CCACAGCATCTACGGCAAGAAGAAGGGCGACATCGATACCT

ATCGGTACATCGGCAGCAGCGGCACAGGCTGCGTTGTGATC

GTGGGAAGAATCGTGCTGAGCGGCTCTGGCACAAGCGCCCC

TATTACAGCCTACGCTCAGCAGACAAGAGGCCTGCTGGGCT

GCATCATCACAAGCCTGACCGGCAGAGACAAGAACCAGGT

GGAAGGCGAGGTGCAGATCGTGTCTACAGCTACCCAGACCT

TCCTGGCCACCTGTATCAATGGCGTGTGCTGGGCCGTGTATC

ACGGCGCTGGAACCAGAACAATCGCCTCTCCTAAGGGACCC

GTGATCCAGATGTACACCAACGTGGACCAGGACCTCGTTGG

CTGGCCTGCTCCTCAGGGAAGTAGAAGCCTGACACCTTGCA

CCTGTGGCTCCAGCGATCTGTACCTGGTCACCAGACACGCC

GACGTGATCCCTGTCAGAAGAAGAGGAGATTCCAGAGGCA

GCCTGCTGAGCCCTAGACCTATCAGCTACCTGAAGGGCAGC

TCTGGCGGACCTCTGCTTTGTCCTGCTGGACATGCCGTGGGC

CTGTTTAGAGCCGCCGTGTGTACAAGAGGCGTGGCAAAGGC

CGTGGACTTCATCCCCGTGGAAAACCTGGAAACCACCATGC

GGAGCCCCGTGTTCACCGACAATTCTAGCCCTCCAGCCGTG

ACACTGACACACCCCATCACCAAGATCGACAGAGAGGTGCT

GTACCAAGAGTTCGACGAGATGGAAGAGTGCAGCCAGCACT

ACCCCTACGACGTGCCAGATTATGCTGGCGGAGGTGGCAGC

GGAGGCACCGAAGCCTCTGGAAGCGGCAGAGCTGACGCCC

TGGATGACTTCGACCTGGATATGCTGGGCAGCGACGCTCTG

GACGATTTTGACCTCGACATGCTGGGATCTGATGCACTCGAC

GATTTCGATTTGGACATGCTCGGCAGTGATGCCTTGGACGAC

TTTGATCTTGATATGCTCATCAACAGCCGGTCCAGCGGCAGC

CCCAAGAAAAAAAGAAAAGTGGGCTCCCAGTACCTGCCTG

ACACCGACGACAGACACCGGATCGAGGAAAAGCGGAAGCG

GACCTACGAGACATTCAAGAGCATCATGAAGAAGTCCCCAT
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TCAGCGGCCCCACCGATCCTAGACCTCCACCTAGAAGAATC

GCCGTGCCTAGCAGATCTAGCGCCTCCGTGCCTAAACCTGCT

CCTCAGCCTTATCCTTTCACCAGCAGCCTGAGCACCATCAAC

TACGACGAGTTCCCTACCATGGTGTTCCCCAGCGGCCAGATC

TCTCAGGCTTCTGCTCTTGCTCCAGCTCCTCCTCAGGTTCTG

CCTCAAGCTCCTGCACCAGCACCGGCTCCAGCTATGGTTTCT

GCTTTGGCTCAGGCCCCTGCTCCTGTGCCTGTTCTTGCTCCT

GGACCACCTCAGGCTGTTGCTCCTCCTGCTCCAAAACCTAC

ACAGGCCGGCGAAGGCACACTGTCTGAAGCTCTGCTGCAG

CTCCAGTTCGATGACGAAGATCTGGGCGCCCTGCTGGGCAA

TTCTACAGATCCTGCCGTGTTTACCGATCTGGCCAGCGTGGA

CAACAGCGAGTTTCAGCAGCTCCTGAATCAGGGCATCCCTG

TGGCTCCTCACACCACCGAACCTATGCTGATGGAATACCCCG

AGGCCATCACCAGACTGGTCACCGGTGCTCAAAGACCACCT

GATCCAGCTCCAGCACCACTGGGAGCACCTGGACTGCCTAA

TGGACTGCTGTCTGGCGACGAGGACTTCAGCTCTATCGCCG

ACATGGATTTCTCTGCCCTGCTCGGCTCTGGCAGCGGCTCTA

GAGATAGCAGAGAAGGCATGTTCCTGCCTAAGCCTGAGGCC

GGCTCTGCCATCTCCGATGTGTTCGAGGGAAGAGAAGTGTG

CCAGCCTAAGCGGATCCGGCCTTTTCACCCTCCTGGAAGCC

CTTGGGCCAACAGACCTCTGCCTGCTTCTCTGGCCCCTACAC

CAACAGGACCTGTGCACGAACCTGTGGGCAGTCTGACCCCA

GCTCCTGTTCCTCAACCTCTGGATCCCGCTCCTGCTGTGACA

CCTGAAGCCTCTCATCTGCTGGAAGATCCCGACGAAGAGAC

AAGCCAGGCCGTGAAGGCCCTGAGAGAAATGGCCGACACA

GTGATCCCTCAGAAAGAGGAAGCCGCCATCTGCGGACAGAT

GGACCTGTCTCATCCTCCACCAAGAGGCCACCTGGACGAGC

TGACAACCACACTGGAATCCATGACCGAGGACCTGAACCTG

GACAGCCCTCTGACACCCGAGCTGAACGAGATCCTGGACAC

CTTCCTGAACGACGAGTGTCTGCTGCACGCCATGCACATCTC

TACCGGCCTGAGCATCTTCGACACCAGCCTGTTTTGA (SEQ 

ID NO: 151) 

 

Results 

[00691] IL-12 and/or IL-15 payload expression was assessed in T cells for various 

regulatable TF expression system strategies and constructs. A drug-inducible format ACP 

(also referred to as “synTF”) using an NS3/NS4 protease cleavage site and either a VPR 

transcriptional effector domain (constructs SB02667 and SB02668) or a p65 transcriptional 

effector domain (constructs SB02670 and SB02671) were assessed. All constructs encoded 

cytokine payloads included an A2 insulator and YB-TATA promoter driving expression in the 

opposite direction as the ACP cassette (e.g., see orientation of reporter and ACP/synTF 

cassettes in construct “1560” in FIG. 20). A summary of the systems assessed in shown in 

FIG. 38. 
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[00692] As shown in FIG. 39 and quantified in Table 23, IL-12 production was observed 

in a concentration dependent manner following addition of the NS3 protease inhibitor 

grazoprevir when using a p65 transcriptional effector domain, with greater production (~8-

fold) observed when expressed alone (SB02667) as compared to in a ribosome skipping tag 

2A multicistronic system (SB02668), see circle vs. square in FIG. 39, respectively, and 

Table 23. As shown in FIG. 40 and FIG. 41 and quantified in Table 24, IL-15 production 

was also observed for constructs encoding IL-15 in a concentration dependent manner for the 

NS3 protease inhibitor grazoprevir when using a p65 transcriptional effector domain in both a 

ribosome skipping tag 2A multicistronic system (SB02668; FIG. 40 diamond) and expressed 

as a single payload (SB02675; FIG. 41 circle). IL-15 expressed at greater levels when 

encoded as a single payload, though at notably low levels in the 2A multicistronic system. 

Notably, there was no observable cytokine expression for constructs using a VPR 

transcriptional effector domain other than for IL-15 encoded as a single payload (SB02676; 

FIG. 41 triangle). Accordingly, regulated cytokine expression was observed in a drug-

dependent in T cells for the various systems. 

 

Table 23 – IL-12 (pg/mL) Production in T cells for Additional Constructs 

[GRZ]uM 2667 #1 2667 #2 2668 #1 2668 #2 2671 #1 2671 #2 2670 #1 2670 #2 

2 2088.21 1672.93 251.45 239.53 2.96 2.96 2.96 2.96 

1 2304.49 1593.19 251.45 239.53 2.96 2.96 2.96 2.96 

0.5 1833.06 1315.96 145.52 145.52 2.96 2.96 2.96 2.96 

0.1 192.19 133.97 22.96 22.96 2.96 2.96 2.96 2.96 

0.05 12.70 2.96 0 0 2.96 2.96 2.96 2.96 

0.01 0 0 0 0 0 0 0 0 

No drug 0 0 0 0 0 0 0 0 

 

Table 24 – IL-15 (pg/mL) Production in T cells for Additional Constructs 

[GRZ]uM 
2668 #1 2668 #2 

2671 

#1 

2671 

#2 

2675 

#1 

2675 

#2 

2676 

#1 

2676 

#2 

2 1.102 0.694 0 0 9.91 8.93 7.00 6.05 

1 1.102 0.694 0 0 11.39 7.97 7.00 5.58 

0.5 0.305 0.694 0 0 9.42 8.93 7.00 5.58 

0.1 0.305 0.305 0 0 3.28 2.83 7.48 6.05 

0.05 0.305 0.305 0 0 0.69 0.69 5.11 5.11 

0.01 0.305 0.305 0 0 0.31 0.31 0.69 0.69 

No drug 0 0 0 0 0 0 0 0 
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Example 13: in vivo Assement of Various Grazoprevir Dosing Regimens  

[00693] Regulatable TF expression systems, including various Grz dosing and T cell 

injection regimens, were assessed both in vitro and in vivo. 

 

Materials and Methods 

[00694] For in vivo assessment, T cells were transduced with SB01845 & SB02357 

(“inducible IL-12”), each at an estimated MOI of 5 based on viral titering in HEK cells. 

Control T cells (“constitutive IL-12”) were transduced with 5 MOI of SB00171, encoding 

constitutive hIL-12 driven by SFFV. Negative controls were untransduced T cells. The 

number of lentiviral genomes integrated into the T cells was analyzed in bulk by PCR (copy # 

assay). NSG mice were randomized on day -2 and vehicle or Grazoprevir (Grz) dosing began 

in the afternoon on day 1 (Vehicle: 2.5% DMSO, 30% PEG400, 67.5% PBS). Grazoprevir 

potassium salt was dissolved sequentially in DMSO, PEG400, and PBS to reach 10mg/mL. 

All Grz dosing was administered IP. 20e6 T cells per mouse were injected by tail vein 

injection, as indicated. Specific Grz dosing and T cell injection regimens are indicated in the 

tables below. Luminex assay was run to assess levels of hIL-12 in mouse plasma. Presence of 

human T cells in mouse blood was analyzed by flow cytometry. 

Results 

[00695] A first series of Grazoprevir (Grz) dosing regimens were assessed, as described in 

Table 25. 

 

Table 25 - Grazoprevir (Grz) dosing regimens 

Dosing 

schedule 

Day -2 Day 1 Day 2 Day 3 Day 4 Day 

8/12 

Previous – 

25 BID  

Randomize 

mice 

25mg/kg 

Grz, PM 

25 mg/kg Grz 

BID 

25 mg/kg 

GRZ BID 

25 mg/kg 

GRZ BID 

Harvest 

plasma 

Harvest 

plasma 

1 x day – 

 50 mg/kg 

Randomize 

mice 

25mg/kg 

Grz, PM 

50 mg/kg Grz 

AM, 

Inject T cells 

50 mg/kg 

Grz AM 

50 mg/kg Grz 

AM 

Harvest 

plasma 

Harvest 

plasma 

2x day – 

25/50 

Randomize 

mice 

25mg/kg 

Grz, PM 

25mg/kg Grz 

AM, 

Inject T cells, 

50mg/kg Grz 

PM 

50mg/kg 

Grz AM, 

25 mg/kg 

Grz PM 

25 mg/kg 

GRZ AM & 

PM 

Harvest 

plasma 

Harvest 

plasma 
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1x day –  

75mg/kg 

Randomize 

mice 

25mg/kg 

Grz, PM 

75 mg/kg Grz 

AM, Inject T 

cells 

75 mg/kg 

Grz AM 

50 mg/kg Grz 

AM 

Harvest 

plasma 

Harvest 

plasma 

 

[00696] Persistence of the injected T cells was assessed. As shown in FIG. 42, and 

quantitated in Table 26A (Day 4), Table 26B (Day 8), and Table 26C (Day 12), populations 

of injected human T cells were observed in the blood through Day 12 (note 50mg/kg and 

75mg/kg groups of cells from Day 12 were not included in the analysis due to loss of the 

samples). IL-12 levels were assessed in plasma. As shown in FIG. 43, significant 

Grazoprevir dose dependent induction of IL-12 was observed on Day 4 (2 days post Grz 

dosing), ranging from ~100-fold to ~700-fold above vehicle. As shown in FIG. 44, serum IL-

12 levels returned to baseline by Day 8 (left panel) and remained stable at Day 12 (right 

panel). Notably, mice receiving 75mg/kg of GRZ experienced toxicity with moderate to 

severe weight loss following the 75mg/kg daily dose on days 2-3 (mice recovered mildly 24 

hours after each dose). In addition, 2 of 8 mice in the 75mg/kg group were found dead on the 

final day (Day 12) with no death seen in the other groups, with necropsy revealing 

abnormalities in the liver and ovarian ducts, including one mouse having fused organs. All 

mice in the 75mg/kg group presented with enlarged spleens, many with inflamed oviducts, at 

Day 12. Accordingly, the Grazoprevir (Grz) dosing regimens assessed demonstrated drug-

dependent IL-12 production, with toxicity observed in certain dosing schemes. 
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Table 26A – Human T cells in the blood (hCD3+:hCD45+ shown as % of live cells); Day 4 

Treatment 
Mouse 

#1 

Mouse 

#2 

Mouse 

#3 

Mouse 

#4 

Mouse 

#5 

Mouse 

#6 

Mouse 

#7 

Mouse 

#8 

Constitutive 

IL-12 + 

Vehicle 

3.0 4.5 5.77 3.86 5.56    

Inducible 

IL-12 + 

Vehicle 

3.93 2.38 6.12 5.63 6.18    

25mg/kg  

BID 
5.42 0.08 4.07 3.61 3.88 5.91 4.2 3.14 

25+50 

mg/kg 
2.18 6.98 6.53 13 2.24 4.72 5.64 7.89 

50mg/kg 4.09 2.96 3.7 1.62 4.16 2.57 4.55 2.58 

75mg/kg 2.95 3.14 2.6 0* 2.41 0* 1.43 2.87 

 

Table 26B – Human T cells in the blood (hCD3+:hCD45+ shown as % of live cells); Day 8 

Treatment 
Mouse 

#1 

Mouse 

#2 

Mouse 

#3 

Mouse 

#4 

Mouse 

#5 

Mouse 

#6 

Mouse 

#7 

Mouse 

#8 

Constitutive 

IL-12 + 

Vehicle 

7.2 9.34 6.2 8.89 8.19    

Inducible 

IL-12 + 

Vehicle 

3.05 8.17 6.04 5.45 3.71    

25mg/kg  

BID 
6.78 0.077 3.63 2.46 2.07 3.45 2.27 4.09 

25+50 

mg/kg 
7.09 7.85 9 12 6.34 7.02 8.65 5.04 

50mg/kg 7.36 10.9 7.31 8.1 9.23 5.88 6.63 7.34 

75mg/kg 8.19 9.67 6.55 0.028 11.6 
4.7e-

003 
11 3.79 
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Table 26C – Human T cells in the blood (hCD3+:hCD45+ shown as % of live cells); Day 12 

Treatment 
Mouse 

#1 

Mouse 

#2 

Mouse 

#3 

Mouse 

#4 

Mouse 

#5 

Mouse 

#6 

Mouse 

#7 

Mouse 

#8 

Constitutive 

IL-12 + 

Vehicle 

23 33.5 27.5 28.2 45.7    

Inducible 

IL-12 + 

Vehicle 

4.52 10.8 18.1 14.9 13.3    

25mg/kg  

BID 
13.5 0.21 13.3 9.36 9.33 14 16.1 13.8 

25+50 

mg/kg 
10.9 12.2 11.1 16.3 2.61 9.13   

50mg/kg **        

75mg/kg **        

** Lost to technical error 

 

[00697] An “on/off/on” Grazoprevir (Grz) dosing regimen was next assessed, with the 

calendar illustrating the particular dosing regimen in FIG. 45. Following the results of the 

experiments above, animals were dosed (IP) 60mg/kg for 3 days once a day. Recombinant 

(hIL-2 1x10^4 IU) was also administered as indicated.  

[00698] Persistence of the injected T cells was assessed. As shown in FIG. 46, and 

quantitated in Table 27A (without drug) and Table 27B (with drug), populations of injected 

human T cells were significantly less at Day 4 when Grz was administered, with no 

difference seen in the inducible system groups at Days 11, 18, and 25. As previously 

observed, the constitutive IL-12 group demonstrated increased human T cell numbers in 

blood, though notably mice in this group demonstrated toxicity and required sacrificing by 

Day 29. 

[00699] IL-12 cytokine levels were assessed in plasma for the various groups. As shown in 

FIG. 47, significant Grazoprevir dose dependent induction of IL-12 was observed on Day 4 

in the inducible system, with levels between the groups equivalent during the “off” week 

(Day 11), and further significant Grazoprevir dose dependent induction of IL-12 during the 

second “on” week (Day 18). During the first week of dosing, 3 of 10 mice in Grz treatment 

group lost ~15% weight and received only 30mg/kg on day 3. IL-12 serum levels in the no-

drug did also demonstrate increased serum IL-12 levels over time, suggesting leaky 

expression of the inducible cassette. Toxicity was also monitored in the different groups. As 

shown in FIG. 48, body weights remained generally stable for the inducible IL-12 group not 

administered drug, with a single enlarged spleen and no other abnormalities observed in this 
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group at end time point. Body weights for the constitutive IL-12 group were also generally 

stable (or slightly increasing) until Day 22 with a decline in body weights afterwards and 

eventual euthanasia of the group by Day 29, 2 with mice found dead at Day 24, 3 mice 

euthanized at Day 26 due to weight loss, and spleens for all the mice significantly enlarged 

compared to the normal NSG mouse spleen (data not shown). In contrast, body weights for 

the inducible IL-12 group administered Grazoprevir demonstrated transient weight loss for 

most of the group followed by general weight stabilization. The Grazoprevir also showed 

signs of toxicity at the end time point, including pale kidneys, thick diaphragm, enlarged 

spleen, thick liver lobe, white/yellow lump growing inside the liver, and organs (liver, 

stomach, spleen) sticking with peritoneal wall and each other. The results indicate the 

Grazoprevir regimen demonstrated drug-dependent IL-12 production with acute toxicity in 

contrast to the long term lethality of constitutive IL-12 expression in the systems examined. 

 

Table 27A – Human T cells in the blood (hCD3+:hCD45+ shown as % of live cells); no drug 

 Constitutive IL-12 Inducible IL-12 (no drug) 

Mouse #1 #2 #3 #1 #2 #3 #4 #5 

Day 4 6.68 27.9 16.6 17.5 31.5 13.9 9.17 14.2 

Day 11 8.84 12.4 13.9 1.54 3.83 4.84 2.89 2.84 

Day 18 12.2 31 33.9 4.98 8.01 8.08 4.35 7.17 

Day 25 25 46.3 43 22.5 22.5 23.6 10 9 

Day 29 nd nd nd 25.4 41.1 44.1 32.1 31.6 

 

Table 27B – Human T cells in the blood (hCD3+:hCD45+ shown as % of live cells); w/ Grz 

 Inducible IL-12 (Grz administered) 

Mouse #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 

Day 4 10.2 0.82 5.8 2.11 5.39 4.92 4.03 4.04 3.76 3.6 

Day 11 2 0.95 2.55 1.53 1.59 1.07 1.51 1.98 2.27 2.71 

Day 18 6.36 3.74 4.73 11.8 16.7 9.5 5.18 4.87 7.61 4.26 

Day 25 17.6 8 14.2 nd 11.7 14.4 11.7 12.9 9.8 26.2 

Day 29 43.7 24.2 21 nd 45.9 18.2 36.4 17.7 38.2 54.6 

 

Example 14: Activation Inducible System 

[00700] Promoters that turn on transcription when CAR cells are activated by target cells 

are assessed. 

 

Materials and Methods 

[00701] Candidate Selection: Using single-cell RNA-seq data for CAR-T cells cultured 

with or without cognate target cells (Xhangolli et al. Genomics Proteomics Bioinformatics. 
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2019 Apr;17(2):129-139. doi: 10.1016/j.gpb.2019.03.002; herein incorporated by reference 

for all purposes), top genes upregulated in activated CAR-T cells relative to resting CAR-T 

cells were identified and regions from 2kb upstream to -100bp for those genes identified were 

chosen as candidate promoters. 

[00702] Screening: Pan T cells were virally transduced as described with a GPC3-CAR 

only construct (“1106”) and viral vector encoding The candidate promoters were either (1) 

paired with YBTATA (SEQ ID NO: 155; “YBTATA” constructs; or (2) trimmed to the 

translational start site of the respective gene (“trimmed”) constructs to direct transcription 

initiation upstream of an mKate reporter. Candidate constructs were screened by flow sorting  

for mKate expression (gated by YFP CAR+ cells) following either 24 or 48 hours of 

culturing alone or activated through co-culturing with HepG2 target cells. In addition, 

candidates based on NFAT transcription factor binding sites was also assessed. The screen 

workflow is shown in FIG. 49. Constructs assessed are shown in FIG. 50. 

Results 

[00703] Candidates were screened for enhancing transcription when CAR-T were co-

cultured with target cells, with flow-cytometry results for culturing with target cells for 24 

hours shown in FIG. 51 and 48 hours shown in FIG. 52. The 5x NFAT BS min AdePro 

construct (“2096”; SEQ ID NO: 154) demonstrated increased reporter expression when 

cultured with target cells at both 24 and 48 hours, though notably the construct had a high 

basal level of reporter expression in the absence of target cells. The 24 hour and 48 hours 

timepoints identified trimmed CCL3 (“2935”) as demonstrating increased reporter expression 

when cultured with target cells, notably with reporter expression generally equivalent to 

background in the absence of target cells. The 24 hour timepoint also identified trimmed 

CCL4 (“2936”) as demonstrating increased reporter expression when cultured with target 

cells, notably with reporter expression generally equivalent to background in the absence of 

target cells. The 48 hour timepoint also identified trimmed MT2a (“2942”) as demonstrating 

increased reporter expression when cultured with target cells, with reporter expression ~3-

fold above background in the absence of target cells. Histograms of the identified promoters 

demonstrating reporter expression and their controls (CAR only cultured without HepG2 

targets, CAR only cultured with HepG2 targets, CAR + promoter cultured without HepG2 

targets) are shown in FIG. 53 and fold-changes as assessed by MFI in Table 28. Sequences 

for the identified promoters are provided in Table 29. The data demonstrated promoters that 

turn on transcription when CAR cells are activated by target cells were identified. 

 



215 

 

Table 28 - Fold change in mKate gMFI target cells/no treatment 

Constructs 
24h Fold 

change 

48h Fold 

change 

GPC3 CAR only 1.77 1.89 

GPC3 CAR + SFFV mKate 0.97 0.43 

GPC3 CAR + 5x NFAT BS 

min AdePro mKate 
8.81 9.51 

GPC3 CAR + CCL3 Pro 

mKate 
12.12 9.03 

GPC3 CAR + CCL4 Pro 

mKate 
5.52 1.85 

GPC3 CAR + MT2A_1 Pro 

mKate 
2.63 3.91 

 

Table 29 - Activation Inducible Promoter Sequences 

SB # Gene Sequence 

SB029

35 

CCL

3  

GGACAGAATTCCAAAGGCATGGTCGCACTTGGCTTCTGTCCTCTG

TTATTCTCCAGCATCAAATGTATCAACTCTAACCCCTTTGGGGGGA

ATACAAGGCCTGTCCTGGTTTGGTCCCAATTTAGCTTTATCATCCAT

ATTCACCCCCACTGCTCTGCAGCTCCACTGAAGCACCCCCTCTTT

CCTCTGAACCCACAATGTCACACTCAGGACTCTGCCTCAGCTGGG

CACTCATCTATAGATGCCTAAATCCCGGGCAGTTATCCAGACACAA

CTAAAGTTCCATCCCTTCCATGAAGCCTTCCCCAACCCTCTGGTG

GAAGGTCACTTCTTCCCCTCGTGGGATTCTGAGCTTTCATTTCTTT

TTCTACTAGGAGTCCTAGCACTTTCGGCTAAATGCTACAATTACCT

GTTCATACACTCTACCTGCCCCCACGAGATCAGGGGCATCTCAGA

AACAAAGATCATTAAAACCAACTAAATCTATTTCTCATTATAAAAT

GAGGTATGCTGATTGATTGTGAAAGAATAAAATAACAAAGTATGG

AAAAGAAAAAAAAGCATATAATCTGGCTGAGAAGGTAGAGACCC

TTCCACACCACTGAAATTATGTATTGAAAAGAATAAGTAAAAAAC

TGCTTCAATTTGGCATGATTTATGTAAGTATAGTATAGGATCCTTAA

AATGGTTCAAAGAAATGGGAAATCAAGACTTCATTTTGGCCAAAA

CCATTGAACAGAAACTTCAGCATATTTATCAATAATTTCTTTCAGAT

TAAACAACTGACAACAACCTATTTTTCAACCAGTGATGTTGGAAA

TGTTTTTTTAAAAATTAGTTTATAAATTTGTGGGCTGACCAAGAAG

GTAATAAAGTCTAACTAAGTAAAATGAGAAAAATTCAGAAAAAG

AAAAAAATAAGAAAATAAATCACCCAGGGACCTATCACACAAATA

TAAGAACTATTCATTCTTTAAGGCATGTATTTCCAAGCCTTTGTATT

TTTTTCCATGCTTAGGGTTGGCAAGGAATATATATATATTTGTACAA

ATATATATGTGTATATGTACAAATACATGTATATATAGTACAAATATAT

ATATATATTTGTACAATTCTTCAGACTTTGTAGAATTTGTATAATGTC

GTATCTTGCTTTTTTTAACCACTGATGTTATAAGCATATTTATGCCA

CTTCATTCATTTTAGAGACTTAATAATAAATGATCTAGTGGATAATT

TATCATTCCCTGATGGAGAAAAATTTAGCTTTGTTTATTTTAGAGTT

ATAAACGATGCTGGGTCAGGTATCTTTATGTTTGAAGATGGCTCCA

TATTTGGGTTGTTTCCACAGAACTCTTTCCTAGAAATGCTTTTTCT

AGGTTAATGGCTACAGATATTTCTAGGCACCTGACATATTGACACC
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CACCTCTAAAGTATTTTTATGATCCACAACTAGCGTTTAACACAGC

GCCCTAGTCACTACATGACTAATAAATAGACAAATGACTGAAACA

TGACCTCATGCTTTCTATTCCTCCAGCTTTCATTCAGTTCTTTGCCT

CTGGGAGGAGGAAGGGTTGTGCAGCCCTCCACAGCATCAGCCCA

TCAACCCTATCCCTGTGGTTATAGCAGCTGAGGAAGCAGAATTGC

AGCTCTGTGGGAAGGAATGGGGCTGGAGAGTTCATGCACAGACC

AGTTCTTATGAGAAGGGACTGACTAAGAATAGCCTTGGGTTGACA

TATACCCCTCTTCACACTCACAGGAGAAACCATTTCCCTATGAAAC

TATAACAAGTCATGAGTTGAGAGCTGAGAGTTAGAGAATAGCTCA

AAGATGCTATTCTTGGATATCCTGAGCCCCTGTGGTCACCAGGGA

CCCTGAGTTGTGCAACTTAGCATGACAGCATCACTACGCTTAAAA

ATTTCCCTCCTCACCCCCAGATTCCATTTCCCCATCCGCCAGGGCT

GCCTATAAAGAGGAGAGCTGGTTTCAGACTTCAGAAGGACACGG

GCAGCAGACAGTGGTCAGTCCTTTCTTGGCTCTGCTGACACTCGA

GCCCACATTCCGTCACCTGCTCAGAATC (SEQ ID NO: 156) 

SB029

36 

CCL

4  

TTAAGTCTTCAACCCATTGTGAGTTGATTTTTACAGATGGTGTAAG

GAAGGGGTCCAGTTTCAATCTTTTGCATACAGCTAGCCAGTTATCC

CAGTACCATTTATTGACTGGGAAGTCCTTTCCCTGTTGCTTGTTTT

TGTTAACTTTGTCAAAGTTCGGATGGTTGCAGGTATGCAGCATTAT

TTCTGAGCTCTCTATTTTGTTCTATTGGTCTATGAGTCTGTTTTTGT

ACCAAAGCCATGCTGTTTTGGTTACTGCAGCCCTGTGGTATAGTTT

GAAGTCATGGCTCCCTTTTTTTACTCTTCTTTTTTCTTTCTCAGAG

AAGAGCAGGTAACAATGTGGGGTTAAAGGTGAGCAGGTGGGTTA

GAGTAGTGGAGCTAAAGGCAGATAGAGGTCTTGATCCAATTATCC

TCATTCCCTTCATTTGTCCAACCTTGCACATTCCTGTATGCAGGGC

CTTTGTAAGCTTCACCTTCTGTACAGGTGCCCAGCAACTGTCAAA

CCAGCCAGGGCTTAACATGAGCATGGGCATTCCCTATGGACTGGC

TGGGACACACCCACATCCTTAGATTACACATTTTGCCTGTAACATA

GATAAACTAATTACTAGGTATATAATTCTGTTTCGTTTTGTTTTGCT

TTGTTTTGTTTTTGGGACAGGGTCTCATTCTGTCAAACAAGCGGG

AGTGCAGTGGCACAATCACCACTCACTGCAGCCTGGACTTTTCTG

GGCTCAGGTGATCTTCCCACCTCAGCCTACTGAGCAGCTGGGACT

ACAGGTGTGTATCACCACTCCCAGCCAAAATATTTTTTTATAGAGA

CAGTGTTTCACCATGTTGCCCAGTCTGGTATCGAACTTCTGGGCTC

AAGCTATCTGCCTGCCTTGACCTCCCAAAGTGCTGGGATTACAGG

TGTGAGGCCCTGTACCCAGCTCAATCCTGTTTTTATACTAGAAGAA

CATTCTCTATCTGGGTCTTCCAAACTTGATTCTTACTGGTTAATTTG

TCCTGTTCTTTTGCTGGTCCAAGAAAATATCCTGAAATCTTTATTT

CTTCTCCGTTTCCTCCTTGTCCTAGGACAGACTAGCCCTATCCCCT

TCCTGAATTAAGTCCGAATATAGTCAGTCTTTGAGTGTGGAATAGC

TCCTAGCAGTCTATCAGTCAACGGGTTCTCTTTGTGGTCACATTCT

ATGTTTATTCAGGAGACTACAGCATGGAAAGAAAATGGACTTTGG

AGTCAGGTGAATCTTGATTCAAATCTTGGCAGTGCCATTCATCAG

CTCTGTGGCATTGAGCGCATCAGTGGACCACTCTCTGATCCCCAA

TTGCCTTGTCTGTAAAATGAGATTAGACACCCCTGCTCAAGATTAT

GGTAGGATTATATATAATGTGTGTAACACAGCTTTTCCAGTGCCTG

GTACAAGGTAAGTGTCCAATAAGAAGTTACAAATGTTCCTGAGCC

ACCCTACTGGGTCCCTCCTCACATCCAATGCTGGACTCTTCATGCC

CAAGGAAACATATAAGGCACAAAAGTCAGTGGCACTCAGCTCAG

CAGAAGAAGGCACAGGAAGGGGATGGGGGAGTCCTGGCTCCCA



217 

 

CTTTGTTCTTGGGGTCAGGCTTGTGGCCAGCCTGGAAAGACTGAC

ATGAACCCTCCAGCATCTGAGGGTGCCAACCACCAAGAGCAGCA

CAGTTCTTGTCTACAAGCCACTTGTAGCAGGTGTGAACATTTCAT

CTTTTCCTCTGGGGTTTGCAACTCTCTCCCCAGTCTCGGTCACTGC

CTTTGGCTGTACCACTTCCCTTTTCTTCTCGCCTGCACCTCCCTCA

TCTTTCCTCTATGATGACATCGCCCTGGGGAAGAGAAGCTGAGAG

GAACTCCTCACTCAGCTAGCTTCAGGAGCATGACGTCATCTCTAC

CATGGAAATTCCACTCACTCTCCTGTGCCCCCACATTTGTCCTAGG

CCTCAGAGTCCCTATAAAGAGAGATTCCCAAGTCAGTATCAGCAC

AGGACACAGCTGGGTTCTGAAGCTTCTGAGTTCTGCAGCCTCAC

CTCTGAGAAAACCTCTTTTCCACCAATACC (SEQ ID NO: 157) 

SB029

42 

MT2

A 

GGGATTTGGTATATAATACTGTGCATACATAAATAACAACAACAAA

ATTGGTCCACTGCCCAGAGAGCTCTCGATCCACAGAGCTGCCAG

ACATCATGAGATTTCAAAAGATCTTGGCTCTAAAATCAGAGGATG

TTTGGATATAAATTCTAGTACAACCCAGTCATTTGACAGATGAGTA

AACCAGGGATCAGAAGAGTCCAGGCATGTAATTGCCCCAAGGTC

ACTGAGTAAGTGAGTGGCCGAGTGACCACTGAAATTTAGTCCATC

TGAGAGCTCGCCCCCCTGCCCTGTGCGGTGTTTTTACAAGAGTGA

GCACGCAGGTTCCAGGGTGGTCAAGAGGTGTTTACTTTCATTTTG

TAGTCGGCCTTCATACAAGGTGGGGGCTGGGAAGGGAAGAGCAG

TCCAGGCCATTACCCCCATGAATTCATTTGACAAATATTTATTAAGC

GTCTACTGCAAACTTGGCCCGGTGCTGGAAGCTGAAGACACAAT

TCCAGAGGCAGACAATGACTGCCCTTGGCATTTCCAGTGGTCAGG

GGTTGGTGAGGAGGGGCAGAGACACCAATCCAAGAGTCCCCGCA

GTTTATACATACCACAGGCACGGAAAGCGCCAGGAGGGGAAAGA

ACAGGATGTTTACCAGCACCTTCCACAGGCAGCCACGGTCATGGG

GGTCAGGACAGGGTCCCCAGAGGAAGTGACGATTCGGCTGAGCT

AGAAAGACATTTCCACAGGAACTTACAGTAAGGGCTGCAAGGAC

AGCCTGTCCTCCCCCGCCCACCACCTCACTAAACTTTCACTGTGG

CAATCGGCATTCCCTAAGCCTGCCAGGAAGCTTCCAGTAACCACT

TCCTGACTCCTAGCATGACACACTTCGGGCCTTCCAAGGTTGACG

ATCTAAGGCCCTTACACAGCGCCAGACACGCGCAGGCAGGGAGG

CAGGATGTGCCTCTCCAGACAGGAATGTGGACGCCACCTGGGCT

CTTCCCCTCAGCCTCCACAGGGGAAGAATATTCTTGTGGGGTTTT

TCCCTTCCAAATGTCTCAGGGCGATTCCAGTGTTCCCGCTAGTTCC

TCCCTCCCAGGCTAGAACACAAATCCTTCCCACTCCCTGCCTGGC

AAACACCTTCTGACCCTCAGGCCCAAGGCAATGGCCCACCTCCTC

CCAGGCTGGATGGGGTCTCCTCCTCTCTGTTCCCCCAGCCCCTGA

GCTTCCTGAGGACCAAGCTTGTGGCTTCTTCTCCTTACTCTTCCTC

CTTGGTGTCTCTATGTTAGAGGGCCGTTAGCATCTGCTGGGGCCTG

GTCGCATTCACCCTGCTCTGCCACTCACTGGCTGTGTGACTCTGG

ACAAATTAACTTCTCTGGACCTGCAGTTTCTCCTCTCTACAATGAG

AATACTGGAGAGTCCTTATCTTATGGGTTGCTACAGAATTAAGTGA

CATCTCACACACAACACACTTCCTACAGTCCCTGTTACACGCTAA

AAGTACTCAACATGCAACGGATACGTCATCAGTAACCACCCCACG

GGTTTACTGTGATGCTGCACAATTATTAAGCCTTGGCTGCTACAGA

GTTGTAACCTGTCTGCACTTCCAACCGGTTTGGGAATGCAAGCAG

CATTCCCAAGTCCCGCTTTCACCCGCGCGCTAACGGCTCAGGTTC

GAGTACAGGACAGGAGGGAGGGGAGCTGTGCACACGGCGGAGG

CGCACGGCGTGGGCACCCAGCACCCGGTACACTGTGTCCTCCCG
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CTGCACCCAGCCCCTTCCGCGCCGAGGCGTCCCCGAGGCGCAAG

TGGGCCGCCTTCAGGGAACTGACCGCCCGCGGCCCGTGTGCAGA

GCCGGGTGCGCCCGGCCCAGTGCGCGCGGCCGGGTGTTTCGCCT

GGAGCCGCAAGTGACTCAGCGCGGGGCGTGTGCAGGCAGCGCC

CGGCCGGGGCGGGGCTTTTGCACTCGTCCCGGCTCTTTCTAGCTA

TAAACACTGCTTGCCGCGCTGCACTCCACCACGCCTCCTCCAAGT

CCCAGCGAACCCGCGTGCAACCTGTCCCGACTCTAGCCGCCTCTT

CAGCTCGCC (SEQ ID NO: 158) 

 

Example 15: IL-12 Drug-inducible Systems in T Cells with Grazoprevir/Elbasvir 

[00704] IL-12 payload expression was assessed in T cells for various regulatable TF 

expression system strategies using either grazoprevir or the combination grazoprevir/elbasvir. 

 

Materials and Methods 

[00705] For in vitro assessment, on Day 0, CD4/CD8 T cells (donor derived) were thawed, 

seeded at 1e6 cells/mL/well in a 24 well-plate, and activated with anti-CD3/CD28 Dynabeads 

(3:1 bead to cell) in complete T cell media (Optimizer+ Supplements–Gibco +5% human 

serum) + rhIL-2 (100 Units/ml; Peprotech). On Day 1, 0.5ml media was removed and cells 

were transduced with 3e5 pg of virus for each the constructs indicated (relevant sequences of 

the constructs are provided in Table 17). On Day 2, 1.5mL of Optimizer media + 100U/mL 

rhIL-2 was added. Day 7 cells were treated with grazoprevir (2, 1, 0.5, 0.1, 0.05, 0.01, 

.005µM and no drug) with or without elbasvir at a ratio of 2:1, respectively, in line with the 

ratio of compounds in Zepatier®. Transduced T cells were incubated for a further two days 

and the supernatant collected via centrifugation for IL-12 quantification and assessed by 

Luminex (R&D IL12). 

 

Results 

[00706] IL-12 payload expression was assessed in T cells for various regulatable TF 

expression system strategies and constructs. An drug-inducible format ACP (also referred to 

as “synTF”) using an NS3/NS4 protease cleavage site and a VPR transcriptional effector 

domain (SB01845) or a modified version of the ACP with linkers shortened and the entire 

construct codon optimized (SB02110) were assessed. The payload construct SB02661 

encoded a GPC3-CAR driven by an SFFV promoter, with the IL-12 cytokine payload 

encoded in a cassette including an A2 insulator and YB-TATA promoter driving expression 

in the opposite direction as the CAR cassette (e.g., see orientation of reporter and CAR 

cassettes in construct “2235” in FIG. 20). Control T cells were transduced with constitutive 
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IL-12 construct SB00171. As shown in FIG. 54 and quantified in Table 30, IL-12 production 

was observed in a concentration dependent manner following addition of the NS3 protease 

inhibitor grazoprevir, in line with those seen above. The kinetics of IL-12 production were 

generally equivalent regardless of elbasvir addition. Accordingly, elbasvir did not impact 

grazoprevir potency in the induction of IL-12 in a drug-inducible format ACP TF expression 

system. 

 

Table 30 - IL-12 Production with Grazoprevir (Grz) With or Without Elbasvir 

GRZ 

conc 

(uM) 

171 

GRZ 

1845+2661 

GRZ 

2110+2661 

GRZ 

NV 171 GRZ 

+ 

Elbasvir 

1845+2661 

GRZ + 

Elbasvir 

2110+2661 

GRZ + 

Elbasvir 

2 65992 78330 12647 1314 57054 70010 11823 

1 58677 83739 14837 1133 66533 84048 16897 

0.5 61896 83559 14193 1288 63545 91776 16228 

0.1 73436 88685 15146 1159 71788 90926 17825 

0.05 86701 77119 15249 1468 84332 88556 17026 

0.01 91312 15558 5847 1133 90488 23156 7779 

0.005 86701 7779 2924 567 84332 11578 3889 

0 86701 1005 902 953 84332 1133 927 
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[00707] While the present disclosure 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 present disclosure and appended 

claims.  

[00708] 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. 

 

 

 



                               SEQUENCE LISTING

<110> SENTI BIOSCIENCES, INC.
 
<120> METHOD AND COMPOSITIONS FOR REGULATED ARMORING OF CELLS

<130> STB-018WO

<140> PCT/US2020/064688
<141> 2020-12-11

<150> 63/116,103
<151> 2020-11-19

<150> 62/947,427
<151> 2019-12-12

<160> 177   

<170> PatentIn version 3.5

<210> 1
<211> 31
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      oligonucleotide

<400> 1
agagggtata taatggaagc tcgacttcca g                                      31

<210> 2
<211> 52
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      oligonucleotide

<400> 2
gggaatttcc ggggactttc cgggaatttc cggggacttt ccgggaattt cc               52

<210> 3
<211> 85
<212> DNA

1

kyk
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<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      oligonucleotide

<400> 3
caccagacag tgacgtcagc tgccagatcc catggccgtc atactgtgac gtctttcaga       60

caccccattg acgtcaatgg gagaa                                             85

<210> 4
<211> 90
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      oligonucleotide

<400> 4
ggaggaaaaa ctgtttcata cagaaggcgt ggaggaaaaa ctgtttcata cagaaggcgt       60

ggaggaaaaa ctgtttcata cagaaggcgt                                        90

<210> 5
<211> 115
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 5
aggatgtcca tattaggaca tctaggatgt ccatattagg acatctagga tgtccatatt       60

aggacatcta ggatgtccat attaggacat ctaggatgtc catattagga catct           115

<210> 6
<211> 115
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

2
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<400> 6
agtatgtcca tattaggaca tctaccatgt ccatattagg acatctacta tgtccatatt       60

aggacatctt gtatgtccat attaggacat ctaaaatgtc catattagga catct           115

<210> 7
<211> 48
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      oligonucleotide

<400> 7
tgagtcagtg actcagtgag tcagtgactc agtgagtcag tgactcag                    48

<210> 8
<211> 120
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 8
agatcaaagg gtttaagatc aaagggctta agatcaaagg gtataagatc aaagggccta       60

agatcaaagg gactaagatc aaagggttta agatcaaagg gcttaagatc aaagggccta      120

<210> 9
<211> 32
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      oligonucleotide

<400> 9
gtctagacgt ctagacgtct agacgtctag ac                                     32

<210> 10
<211> 24

3
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<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      oligonucleotide

<400> 10
cagacacaga cacagacaca gaca                                              24

<210> 11
<211> 65
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      oligonucleotide

<400> 11
ggatccggta ctcgagatct gcgatctaag taagcttggc attccggtac tgttggtaaa       60

gccac                                                                   65

<210> 12
<211> 588
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 12
gttgacattg attattgact agttattaat agtaatcaat tacggggtca ttagttcata       60

gcccatatat ggagttccgc gttacataac ttacggtaaa tggcccgcct ggctgaccgc      120

ccaacgaccc ccgcccattg acgtcaataa tgacgtatgt tcccatagta acgccaatag      180

ggactttcca ttgacgtcaa tgggtggagt atttacggta aactgcccac ttggcagtac      240

atcaagtgta tcatatgcca agtacgcccc ctattgacgt caatgacggt aaatggcccg      300

cctggcatta tgcccagtac atgaccttat gggactttcc tacttggcag tacatctacg      360

tattagtcat cgctattacc atggtgatgc ggttttggca gtacatcaat gggcgtggat      420

4
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agcggtttga ctcacgggga tttccaagtc tccaccccat tgacgtcaat gggagtttgt      480

tttggcacca aaatcaacgg gactttccaa aatgtcgtaa caactccgcc ccattgacgc      540

aaatgggcgg taggcgtgta cggtgggagg tctatataag cagagctc                   588

<210> 13
<211> 1179
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 13
ggctccggtg cccgtcagtg ggcagagcgc acatcgccca cagtccccga gaagttgggg       60

ggaggggtcg gcaattgaac cggtgcctag agaaggtggc gcggggtaaa ctgggaaagt      120

gatgccgtgt actggctccg cctttttccc gagggtgggg gagaaccgta tataagtgca      180

gtagtcgccg tgaacgttct ttttcgcaac gggtttgccg ccagaacaca ggtaagtgcc      240

gtgtgtggtt cccgcgggcc tggcctcttt acgggttatg gcccttgcgt gccttgaatt      300

acttccacct ggctgcagta cgtgattctt gatcccgagc ttcgggttgg aagtgggtgg      360

gagagttcga ggccttgcgc ttaaggagcc ccttcgcctc gtgcttgagt tgaggcctgg      420

cctgggcgct ggggccgccg cgtgcgaatc tggtggcacc ttcgcgcctg tctcgctgct      480

ttcgataagt ctctagccat ttaaaatttt tgatgacctg ctgcgacgct ttttttctgg      540

caagatagtc ttgtaaatgc gggccaagat ctgcacactg gtatttcggt ttttggggcc      600

gcgggcggcg acggggcccg tgcgtcccag cgcacatgtt cggcgaggcg gggcctgcga      660

gcgcgaccac cgagaatcgg acgggggtag tctcaagctg gccggcctgc tctggtgcct      720

gtcctcgcgc cgccgtgtat cgccccgccc cgggcggcaa ggctggcccg gtcggcacca      780

gttgcgtgag cggaaagatg gccgcttccc ggtcctgctg cagggagctc aaaatggagg      840

acgcggcgct cgggagagcg ggcgggtgag tcacccacac aaaggaaaag ggcctttccg      900

tcctcagccg tcgcttcatg tgactccacg gagtaccggg cgccgtccag gcacctcgat      960

tagttctcga gcttttggag tacgtcgtct ttaggttggg gggaggggtt ttatgcgatg     1020
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gagtttcccc acactgagtg ggtggagact gaagttaggc cagcttggca cttgatgtaa     1080

ttctccttgg aatttgccct ttttgagttt ggatcttggt tcattctcaa gcctcagaca     1140

gtggttcaaa gtttttttct tccatttcag gtgtcgtga                            1179

<210> 14
<211> 544
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 14
ggatctgcga tcgctccggt gcccgtcagt gggcagagcg cacatcgccc acagtccccg       60

agaagttggg gggaggggtc ggcaattgaa ccggtgccta gagaaggtgg cgcggggtaa      120

actgggaaag tgatgtcgtg tactggctcc gcctttttcc cgagggtggg ggagaaccgt      180

atataagtgc agtagtcgcc gtgaacgttc tttttcgcaa cgggtttgcc gccagaacac      240

agctgaagct tcgaggggct cgcatctctc cttcacgcgc ccgccgccct acctgaggcc      300

gccatccacg ccggttgagt cgcgttctgc cgcctcccgc ctgtggtgcc tcctgaactg      360

cgtccgccgt ctaggtaagt ttaaagctca ggtcgagacc gggcctttgt ccggcgctcc      420

cttggagcct acctagactc agccggctct ccacgctttg cctgaccctg cttgctcaac      480

tctacgtctt tgtttcgttt tctgttctgc gccgttacag atccaagctg tgaccggcgc      540

ctac                                                                   544

<210> 15
<211> 399
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 15
tttatttagt ctccagaaaa aggggggaat gaaagacccc acctgtaggt ttggcaagct       60
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aggatcaagg ttaggaacag agagacagca gaatatgggc caaacaggat atctgtggta      120

agcagttcct gccccggctc agggccaaga acagttggaa cagcagaata tgggccaaac      180

aggatatctg tggtaagcag ttcctgcccc ggctcagggc caagaacaga tggtccccag      240

atgcggtccc gccctcagca gtttctagag aaccatcaga tgtttccagg gtgccccaag      300

gacctgaaat gaccctgtgc cttatttgaa ctaaccaatc agttcgcttc tcgcttctgt      360

tcgcgcgctt ctgctccccg agctcaataa aagagccca                             399

<210> 16
<211> 511
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 16
ggggttgggg ttgcgccttt tccaaggcag ccctgggttt gcgcagggac gcggctgctc       60

tgggcgtggt tccgggaaac gcagcggcgc cgaccctggg tctcgcacat tcttcacgtc      120

cgttcgcagc gtcacccgga tcttcgccgc tacccttgtg ggccccccgg cgacgcttcc      180

tgctccgccc ctaagtcggg aaggttcctt gcggttcgcg gcgtgccgga cgtgacaaac      240

ggaagccgca cgtctcacta gtaccctcgc agacggacag cgccagggag caatggcagc      300

gcgccgaccg cgatgggctg tggccaatag cggctgctca gcggggcgcg ccgagagcag      360

cggccgggaa ggggcggtgc gggaggcggg gtgtggggcg gtagtgtggg ccctgttcct      420

gcccgcgcgg tgttccgcat tctgcaagcc tccggagcgc acgtcggcag tcggctccct      480

cgttgaccga atcaccgacc tctctcccca g                                     511

<210> 17
<211> 408
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
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      polynucleotide

<400> 17
gtaacgccat tttgcaaggc atggaaaaat accaaaccaa gaatagagaa gttcagatca       60

agggcgggta catgaaaata gctaacgttg ggccaaacag gatatctgcg gtgagcagtt      120

tcggccccgg cccggggcca agaacagatg gtcaccgcag tttcggcccc ggcccgaggc      180

caagaacaga tggtccccag atatggccca accctcagca gtttcttaag acccatcaga      240

tgtttccagg ctcccccaag gacctgaaat gaccctgcgc cttatttgaa ttaaccaatc      300

agcctgcttc tcgcttctgt tcgcgcgctt ctgcttcccg agctctataa aagagctcac      360

aacccctcac tcggcgcgcc agtcctccga cagactgagt cgcccggg                   408

<210> 18
<211> 344
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 18
ctgtggaatg tgtgtcagtt agggtgtgga aagtccccag gctccccagc aggcagaagt       60

atgcaaagca tgcatctcaa ttagtcagca accaggtgtg gaaagtcccc aggctcccca      120

gcaggcagaa gtatgcaaag catgcatctc aattagtcag caaccatagt cccgccccta      180

actccgccca tcccgcccct aactccgccc agttccgccc attctccgcc ccatggctga      240

ctaatttttt ttatttatgc agaggccgag gccgcctctg cctctgagct attccagaag      300

tagtgaggag gcttttttgg aggcctaggc ttttgcaaaa agct                       344

<210> 19
<211> 1229
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide
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<400> 19
gcgccgggtt ttggcgcctc ccgcgggcgc ccccctcctc acggcgagcg ctgccacgtc       60

agacgaaggg cgcaggagcg ttcctgatcc ttccgcccgg acgctcagga cagcggcccg      120

ctgctcataa gactcggcct tagaacccca gtatcagcag aaggacattt taggacggga      180

cttgggtgac tctagggcac tggttttctt tccagagagc ggaacaggcg aggaaaagta      240

gtcccttctc ggcgattctg cggagggatc tccgtggggc ggtgaacgcc gatgattata      300

taaggacgcg ccgggtgtgg cacagctagt tccgtcgcag ccgggatttg ggtcgcggtt      360

cttgtttgtg gatcgctgtg atcgtcactt ggtgagttgc gggctgctgg gctggccggg      420

gctttcgtgg ccgccgggcc gctcggtggg acggaagcgt gtggagagac cgccaagggc      480

tgtagtctgg gtccgcgagc aaggttgccc tgaactgggg gttgggggga gcgcacaaaa      540

tggcggctgt tcccgagtct tgaatggaag acgcttgtaa ggcgggctgt gaggtcgttg      600

aaacaaggtg gggggcatgg tgggcggcaa gaacccaagg tcttgaggcc ttcgctaatg      660

cgggaaagct cttattcggg tgagatgggc tggggcacca tctggggacc ctgacgtgaa      720

gtttgtcact gactggagaa ctcgggtttg tcgtctggtt gcgggggcgg cagttatgcg      780

gtgccgttgg gcagtgcacc cgtacctttg ggagcgcgcg cctcgtcgtg tcgtgacgtc      840

acccgttctg ttggcttata atgcagggtg gggccacctg ccggtaggtg tgcggtaggc      900

ttttctccgt cgcaggacgc agggttcggg cctagggtag gctctcctga atcgacaggc      960

gccggacctc tggtgagggg agggataagt gaggcgtcag tttctttggt cggttttatg     1020

tacctatctt cttaagtagc tgaagctccg gttttgaact atgcgctcgg ggttggcgag     1080

tgtgttttgt gaagtttttt aggcaccttt tgaaatgtaa tcatttgggt caatatgtaa     1140

ttttcagtgt tagactagta aagcttctgc aggtcgactc tagaaaattg tccgctaaat     1200

tctggccgtt tttggctttt ttgttagac                                       1229

<210> 20
<211> 1179
<212> DNA
<213> Artificial Sequence

<220>
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<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 20
ggctccggtg cccgtcagtg ggcagagcgc acatcgccca cagtccccga gaagttgggg       60

ggaggggtcg gcaattgaac cggtgcctag agaaggtggc gcggggtaaa ctgggaaagt      120

gatgtcgtgt actggctccg cctttttccc gagggtgggg gagaaccgta tataagtgca      180

gtagtcgccg tgaacgttct ttttcgcaac gggtttgccg ccagaacaca ggtaagtgcc      240

gtgtgtggtt cccgcgggcc tggcctcttt acgggttatg gcccttgcgt gccttgaatt      300

acttccacct ggctgcagta cgtgattctt gatcccgagc ttcgggttgg aagtgggtgg      360

gagagttcga ggccttgcgc ttaaggagcc ccttcgcctc gtgcttgagt tgaggcctgg      420

cctgggcgct ggggccgccg cgtgcgaatc tggtggcacc ttcgcgcctg tctcgctgct      480

ttcgataagt ctctagccat ttaaaatttt tgatgacctg ctgcgacgct ttttttctgg      540

caagatagtc ttgtaaatgc gggccaagat ctgcacactg gtatttcggt ttttggggcc      600

gcgggcggcg acggggcccg tgcgtcccag cgcacatgtt cggcgaggcg gggcctgcga      660

gcgcggccac cgagaatcgg acgggggtag tctcaagctg gccggcctgc tctggtgcct      720

ggtctcgcgc cgccgtgtat cgccccgccc tgggcggcaa ggctggcccg gtcggcacca      780

gttgcgtgag cggaaagatg gccgcttccc ggccctgctg cagggagctc aaaatggagg      840

acgcggcgct cgggagagcg ggcgggtgag tcacccacac aaaggaaaag ggcctttccg      900

tcctcagccg tcgcttcatg tgactccacg gagtaccggg cgccgtccag gcacctcgat      960

tagttctcga gcttttggag tacgtcgtct ttaggttggg gggaggggtt ttatgcgatg     1020

gagtttcccc acactgagtg ggtggagact gaagttaggc cagcttggca cttgatgtaa     1080

ttctccttgg aatttgccct ttttgagttt ggatcttggt tcattctcaa gcctcagaca     1140

gtggttcaaa gtttttttct tccatttcag gtgtcgtga                            1179

<210> 21
<211> 1718
<212> DNA
<213> Artificial Sequence
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<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 21
actagttatt aatagtaatc aattacgggg tcattagttc atagcccata tatggagttc       60

cgcgttacat aacttacggt aaatggcccg cctggctgac cgcccaacga cccccgccca      120

ttgacgtcaa taatgacgta tgttcccata gtaacgccaa tagggacttt ccattgacgt      180

caatgggtgg agtatttacg gtaaactgcc cacttggcag tacatcaagt gtatcatatg      240

ccaagtacgc cccctattga cgtcaatgac ggtaaatggc ccgcctggca ttatgcccag      300

tacatgacct tatgggactt tcctacttgg cagtacatct acgtattagt catcgctatt      360

accatggtcg aggtgagccc cacgttctgc ttcactctcc ccatctcccc cccctcccca      420

cccccaattt tgtatttatt tattttttaa ttattttgtg cagcgatggg ggcggggggg      480

gggggggggc gcgcgccagg cggggcgggg cggggcgagg ggcggggcgg ggcgaggcgg      540

agaggtgcgg cggcagccaa tcagagcggc gcgctccgaa agtttccttt tatggcgagg      600

cggcggcggc ggcggcccta taaaaagcga agcgcgcggc gggcggggag tcgctgcgac      660

gctgccttcg ccccgtgccc cgctccgccg ccgcctcgcg ccgcccgccc cggctctgac      720

tgaccgcgtt actcccacag gtgagcgggc gggacggccc ttctcctccg ggctgtaatt      780

agcgcttggt ttaatgacgg cttgtttctt ttctgtggct gcgtgaaagc cttgaggggc      840

tccgggaggg ccctttgtgc ggggggagcg gctcgggggg tgcgtgcgtg tgtgtgtgcg      900

tggggagcgc cgcgtgcggc tccgcgctgc ccggcggctg tgagcgctgc gggcgcggcg      960

cggggctttg tgcgctccgc agtgtgcgcg aggggagcgc ggccgggggc ggtgccccgc     1020

ggtgcggggg gggctgcgag gggaacaaag gctgcgtgcg gggtgtgtgc gtgggggggt     1080

gagcaggggg tgtgggcgcg tcggtcgggc tgcaaccccc cctgcacccc cctccccgag     1140

ttgctgagca cggcccggct tcgggtgcgg ggctccgtac ggggcgtggc gcggggctcg     1200

ccgtgccggg cggggggtgg cggcaggtgg gggtgccggg cggggcgggg ccgcctcggg     1260

ccggggaggg ctcgggggag gggcgcggcg gcccccggag cgccggcggc tgtcgaggcg     1320

cggcgagccg cagccattgc cttttatggt aatcgtgcga gagggcgcag ggacttcctt     1380
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tgtcccaaat ctgtgcggag ccgaaatctg ggaggcgccg ccgcaccccc tctagcgggc     1440

gcggggcgaa gcggtgcggc gccggcagga aggaaatggg cggggagggc cttcgtgcgt     1500

cgccgcgccg ccgtcccctt ctccctctcc agcctcgggg ctgtccgcgg ggggacggct     1560

gccttcgggg gggacggggc agggcggggt tcggcttctg gcgtgtgacc ggcggctcta     1620

gagcctctgc taaccatgtt catgccttct tctttttcct acagctcctg ggcaacgtgc     1680

tggttattgt gctgtctcat cattttggca aagaattc                             1718

<210> 22
<211> 212
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 22
gggcagagcg cacatcgccc acagtccccg agaagttggg gggaggggtc ggcaattgaa       60

ccggtgccta gagaaggtgg cgcggggtaa actgggaaag tgatgtcgtg tactggctcc      120

gcctttttcc cgagggtggg ggagaaccgt atataagtgc agtagtcgcc gtgaacgttc      180

tttttcgcaa cgggtttgcc gccagaacac ag                                    212

<210> 23
<211> 2379
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 23
ccactagttc catgtcctta tatggactca tctttgccta ttgcgacaca cactcaatga       60

acacctacta cgcgctgcaa agagccccgc aggcctgagg tgcccccacc tcaccactct      120

tcctattttt gtgtaaaaat ccagcttctt gtcaccacct ccaaggaggg ggaggaggag      180

gaaggcaggt tcctctaggc tgagccgaat gcccctctgt ggtcccacgc cactgatcgc      240
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tgcatgccca ccacctgggt acacacagtc tgtgattccc ggagcagaac ggaccctgcc      300

cacccggtct tgtgtgctac tcagtggaca gacccaaggc aagaaagggt gacaaggaca      360

gggtcttccc aggctggctt tgagttccta gcaccgcccc gcccccaatc ctctgtggca      420

catggagtct tggtccccag agtcccccag cggcctccag atggtctggg agggcagttc      480

agctgtggct gcgcatagca gacatacaac ggacggtggg cccagaccca ggctgtgtag      540

acccagcccc cccgccccgc agtgcctagg tcacccacta acgccccagg cctggtcttg      600

gctgggcgtg actgttaccc tcaaaagcag gcagctccag ggtaaaaggt gccctgccct      660

gtagagccca ccttccttcc cagggctgcg gctgggtagg tttgtagcct tcatcacggg      720

ccacctccag ccactggacc gctggcccct gccctgtcct ggggagtgtg gtcctgcgac      780

ttctaagtgg ccgcaagcca cctgactccc ccaacaccac actctacctc tcaagcccag      840

gtctctccct agtgacccac ccagcacatt tagctagctg agccccacag ccagaggtcc      900

tcaggccctg ctttcagggc agttgctctg aagtcggcaa gggggagtga ctgcctggcc      960

actccatgcc ctccaagagc tccttctgca ggagcgtaca gaacccaggg ccctggcacc     1020

cgtgcagacc ctggcccacc ccacctgggc gctcagtgcc caagagatgt ccacacctag     1080

gatgtcccgc ggtgggtggg gggcccgaga gacgggcagg ccgggggcag gcctggccat     1140

gcggggccga accgggcact gcccagcgtg gggcgcgggg gccacggcgc gcgcccccag     1200

cccccgggcc cagcacccca aggcggccaa cgccaaaact ctccctcctc ctcttcctca     1260

atctcgctct cgctcttttt ttttttcgca aaaggagggg agagggggta aaaaaatgct     1320

gcactgtgcg gcgaagccgg tgagtgagcg gcgcggggcc aatcagcgtg cgccgttccg     1380

aaagttgcct tttatggctc gagcggccgc ggcggcgccc tataaaaccc agcggcgcga     1440

cgcgccacca ccgccgagac cgcgtccgcc ccgcgagcac agagcctcgc ctttgccgat     1500

ccgccgcccg tccacacccg ccgccaggta agcccggcca gccgaccggg gcaggcggct     1560

cacggcccgg ccgcaggcgg ccgcggcccc ttcgcccgtg cagagccgcc gtctgggccg     1620

cagcgggggg cgcatggggg gggaaccgga ccgccgtggg gggcgcggga gaagcccctg     1680

ggcctccgga gatgggggac accccacgcc agttcggagg cgcgaggccg cgctcgggag     1740
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gcgcgctccg ggggtgccgc tctcggggcg ggggcaaccg gcggggtctt tgtctgagcc     1800

gggctcttgc caatggggat cgcagggtgg gcgcggcgga gcccccgcca ggcccggtgg     1860

gggctggggc gccattgcgc gtgcgcgctg gtcctttggg cgctaactgc gtgcgcgctg     1920

ggaattggcg ctaattgcgc gtgcgcgctg ggactcaagg cgctaactgc gcgtgcgttc     1980

tggggcccgg ggtgccgcgg cctgggctgg ggcgaaggcg ggctcggccg gaaggggtgg     2040

ggtcgccgcg gctcccgggc gcttgcgcgc acttcctgcc cgagccgctg gccgcccgag     2100

ggtgtggccg ctgcgtgcgc gcgcgccgac ccggcgctgt ttgaaccggg cggaggcggg     2160

gctggcgccc ggttgggagg gggttggggc ctggcttcct gccgcgcgcc gcggggacgc     2220

ctccgaccag tgtttgcctt ttatggtaat aacgcggccg gcccggcttc ctttgtcccc     2280

aatctgggcg cgcgccggcg ccccctggcg gcctaaggac tcggcgcgcc ggaagtggcc     2340

agggcggggg cgacctcggc tcacagcgcg cccggctat                            2379

<210> 24
<211> 529
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 24
gttgatttcc ttcatccctg gcacacgtcc aggcagtgtc gaatccatct ctgctacagg       60

ggaaaacaaa taacatttga gtccagtgga gaccgggagc agaagtaaag ggaagtgata      120

acccccagag cccggaagcc tctggaggct gagacctcgc cccccttgcg tgatagggcc      180

tacggagcca catgaccaag gcactgtcgc ctccgcacgt gtgagagtgc agggccccaa      240

gatggctgcc aggcctcgag gcctgactct tctatgtcac ttccgtaccg gcgagaaagg      300

cgggccctcc agccaatgag gctgcggggc gggccttcac cttgataggc actcgagtta      360

tccaatggtg cctgcgggcc ggagcgacta ggaactaacg tcatgccgag ttgctgagcg      420

ccggcaggcg gggccggggc ggccaaacca atgcgatggc cggggcggag tcgggcgctc      480
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tataagttgt cgataggcgg gcactccgcc ctagtttcta aggaccatg                  529

<210> 25
<211> 794
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 25
agttccccaa ctttcccgcc tctcagcctt tgaaagaaag aaaggggagg gggcaggccg       60

cgtgcagtcg cgagcggtgc tgggctccgg ctccaattcc ccatctcagt cgctcccaaa      120

gtccttctgt ttcatccaag cgtgtaaggg tccccgtcct tgactcccta gtgtcctgct      180

gcccacagtc cagtcctggg aaccagcacc gatcacctcc catcgggcca atctcagtcc      240

cttcccccct acgtcggggc ccacacgctc ggtgcgtgcc cagttgaacc aggcggctgc      300

ggaaaaaaaa aagcggggag aaagtagggc ccggctacta gcggttttac gggcgcacgt      360

agctcaggcc tcaagacctt gggctgggac tggctgagcc tggcgggagg cggggtccga      420

gtcaccgcct gccgccgcgc ccccggtttc tataaattga gcccgcagcc tcccgcttcg      480

ctctctgctc ctcctgttcg acagtcagcc gcatcttctt ttgcgtcgcc aggtgaagac      540

gggcggagag aaacccggga ggctagggac ggcctgaagg cggcaggggc gggcgcaggc      600

cggatgtgtt cgcgccgctg cggggtgggc ccgggcggcc tccgcattgc aggggcgggc      660

ggaggacgtg atgcggcgcg ggctgggcat ggaggcctgg tgggggaggg gaggggaggc      720

gtgggtgtcg gccggggcca ctaggcgctc actgttctct ccctccgcgc agccgagcca      780

catcgctgag acac                                                        794

<210> 26
<211> 532
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide
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<400> 26
agtgcggtta ccagcggaaa tgcctcgggg tcagaagtcg caggagagat agacagctgc       60

tgaaccaatg ggaccagcgg atggggcgga tgttatctac cattggtgaa cgttagaaac      120

gaatagcagc caatgaatca gctggggggg cggagcagtg acgtttattg cggagggggc      180

cgcttcgaat cggcggcggc cagcttggtg gcctgggcca atgaacggcc tccaacgagc      240

agggccttca ccaatcggcg gcctccacga cggggctggg ggagggtata taagccgagt      300

aggcgacggt gaggtcgacg ccggccaaga cagcacagac agattgacct attggggtgt      360

ttcgcgagtg tgagagggaa gcgccgcggc ctgtatttct agacctgccc ttcgcctggt      420

tcgtggcgcc ttgtgacccc gggcccctgc cgcctgcaag tcggaaattg cgctgtgctc      480

ctgtgctacg gcctgtggct ggactgcctg ctgctgccca actggctggc ac              532

<210> 27
<211> 701
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 27
tagtttcatc accaccgcca cccccccgcc cccccgccat ctgaaagggt tctaggggat       60

ttgcaacctc tctcgtgtgt ttcttctttc cgagaagcgc cgccacacga gaaagctggc      120

cgcgaaagtc gtgctggaat cacttccaac gaaaccccag gcatagatgg gaaagggtga      180

agaacacgtt gccatggcta ccgtttcccc ggtcacggaa taaacgctct ctaggatccg      240

gaagtagttc cgccgcgacc tctctaaaag gatggatgtg ttctctgctt acattcattg      300

gacgttttcc cttagaggcc aaggccgccc aggcaaaggg gcggtcccac gcgtgagggg      360

cccgcggagc catttgattg gagaaaagct gcaaaccctg accaatcgga aggagccacg      420

cttcgggcat cggtcaccgc acctggacag ctccgattgg tggacttccg ccccccctca      480

cgaatcctca ttgggtgccg tgggtgcgtg gtgcggcgcg attggtgggt tcatgtttcc      540

cgtcccccgc ccgcgagaag tgggggtgaa aagcggcccg acctgcttgg ggtgtagtgg      600
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gcggaccgcg cggctggagg tgtgaggatc cgaacccagg ggtggggggt ggaggcggct      660

cctgcgatcg aaggggactt gagactcacc ggccgcacgt c                          701

<210> 28
<211> 465
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 28
gggccgccca ctcccccttc ctctcagggt ccctgtcccc tccagtgaat cccagaagac       60

tctggagagt tctgagcagg gggcggcact ctggcctctg attggtccaa ggaaggctgg      120

ggggcaggac gggaggcgaa aaccctggaa tattcccgac ctggcagcct catcgagctc      180

ggtgattggc tcagaaggga aaaggcgggt ctccgtgacg acttataaaa gcccaggggc      240

aagcggtccg gataacggct agcctgagga gctgctgcga cagtccacta cctttttcga      300

gagtgactcc cgttgtccca aggcttccca gagcgaacct gtgcggctgc aggcaccggc      360

gcgtcgagtt tccggcgtcc ggaaggaccg agctcttctc gcggatccag tgttccgttt      420

ccagccccca atctcagagc ggagccgaca gagagcaggg aaccc                      465

<210> 29
<211> 538
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 29
gccccacccc cgtccgcgtt acaaccggga ggcccgctgg gtcctgcacc gtcaccctcc       60

tccctgtgac cgcccacctg atacccaaac aactttctcg cccctccagt ccccagctcg      120

ccgagcgctt gcggggagcc acccagcctc agtttcccca gccccgggcg gggcgagggg      180

cgatgacgtc atgccggcgc gcggcattgt ggggcggggc gaggcggggc gccgggggga      240
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gcaacactga gacgccattt tcggcggcgg gagcggcgca ggcggccgag cgggactggc      300

tgggtcggct gggctgctgg tgcgaggagc cgcggggctg tgctcggcgg ccaaggggac      360

agcgcgtggg tggccgagga tgctgcgggg cggtagctcc ggcgcccctc gctggtgact      420

gctgcgccgt gcctcacaca gccgaggcgg gctcggcgca cagtcgctgc tccgcgctcg      480

cgcccggcgg cgctccaggt gctgacagcg cgagagagcg cggcctcagg agcaacac        538

<210> 30
<211> 1091
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 30
ttccagagct ttcgaggaag gtttcttcaa ctcaaattca tccgcctgat aattttctta       60

tattttccta aagaaggaag agaagcgcat agaggagaag ggaaataatt ttttaggagc      120

ctttcttacg gctatgagga atttggggct cagttgaaaa gcctaaactg cctctcggga      180

ggttgggcgc ggcgaactac tttcagcggc gcacggagac ggcgtctacg tgaggggtga      240

taagtgacgc aacactcgtt gcataaattt gcgctccgcc agcccggagc atttaggggc      300

ggttggcttt gttgggtgag cttgtttgtg tccctgtggg tggacgtggt tggtgattgg      360

caggatcctg gtatccgcta acaggtactg gcccacagcc gtaaagacct gcgggggcgt      420

gagagggggg aatgggtgag gtcaagctgg aggcttcttg gggttgggtg ggccgctgag      480

gggaggggag ggcgaggtga cgcgacaccc ggcctttctg ggagagtggg ccttgttgac      540

ctaagggggg cgagggcagt tggcacgcgc acgcgccgac agaaactaac agacattaac      600

caacagcgat tccgtcgcgt ttacttggga ggaaggcgga aaagaggtag tttgtgtggc      660

ttctggaaac cctaaatttg gaatcccagt atgagaatgg tgtcccttct tgtgtttcaa      720

tgggattttt acttcgcgag tcttgtgggt ttggttttgt tttcagtttg cctaacaccg      780

tgcttaggtt tgaggcagat tggagttcgg tcgggggagt ttgaatatcc ggaacagtta      840
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gtggggaaag ctgtggacgc ttggtaagag agcgctctgg attttccgct gttgacgttg      900

aaaccttgaa tgacgaattt cgtattaagt gacttagcct tgtaaaattg aggggaggct      960

tgcggaatat taacgtattt aaggcatttt gaaggaatag ttgctaattt tgaagaatat     1020

taggtgtaaa agcaagaaat acaatgatcc tgaggtgaca cgcttatgtt ttacttttaa     1080

actaggtcac c                                                          1091

<210> 31
<211> 66
<212> DNA
<213> Homo sapiens

<400> 31
atgtgtcacc agcagctcgt tatatcctgg tttagtttgg tgtttctcgc ttcacccctg       60

gtggca                                                                  66

<210> 32
<211> 66
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      oligonucleotide

<400> 32
atgtgccatc agcaactcgt catctcctgg ttctcccttg tgttcctcgc ttcccctctg       60

gtcgcc                                                                  66

<210> 33
<211> 42
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      oligonucleotide

<400> 33
atgcaactgc tgtcatgtat cgcactcatc ctggcgctgg ta                          42
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<210> 34
<211> 60
<212> DNA
<213> Homo sapiens

<400> 34
atgtatcgga tgcaactttt gagctgcatc gcattgtctc tggcgctggt gacaaattcc       60

<210> 35
<211> 45
<212> DNA
<213> Homo sapiens

<400> 35
atgaatctct tgctcatact tacgtttgtc gctgctgccg ttgcg                       45

<210> 36
<211> 51
<212> DNA
<213> Gaussia princeps

<400> 36
atgggcgtga aggtcttgtt tgcccttatc tgcatagctg ttgcggaggc g                51

<210> 37
<211> 72
<212> DNA
<213> Homo sapiens

<400> 37
atgccgatgg ggagccttca acctttggca acgctttatc ttctggggat gttggttgct       60

agttgccttg gg                                                           72

<210> 38
<211> 63
<212> DNA
<213> Mus sp.

<400> 38
atggaaactg acacgttgtt gctgtgggta ttgctcttgt gggtcccagg atctacgggc       60

gac                                                                     63

<210> 39
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<211> 66
<212> DNA
<213> Homo sapiens

<400> 39
atggatatga gggttcccgc ccagcttttg gggctgcttt tgttgtggct tcgaggggct       60

cggtgt                                                                  66

<210> 40
<211> 48
<212> DNA
<213> Unknown

<220>
<223> Description of Unknown: 
      VSV-G sequence

<400> 40
atgaagtgtc tgttgtacct ggcgtttctg ttcattggtg taaactgt                    48

<210> 41
<211> 84
<212> DNA
<213> Homo sapiens

<400> 41
atgaatatca aaggaagtcc gtggaagggt agtctcctgc tgctcctcgt atctaacctt       60

ctcctttgtc aatccgtggc accc                                              84

<210> 42
<211> 54
<212> DNA
<213> Homo sapiens

<400> 42
atgaaatggg taacattcat atcacttctc tttctgttca gctctgcgta ttct             54

<210> 43
<211> 57
<212> DNA
<213> Homo sapiens

<400> 43
atgacaaggc ttactgtttt ggctctcctc gctggactct tggcttcctc ccgagca          57
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<210> 44
<211> 51
<212> DNA
<213> Homo sapiens

<400> 44
atgagggctt ggattttttt tctgctctgc cttgccggtc gagccctggc g                51

<210> 45
<211> 48
<212> DNA
<213> Homo sapiens

<400> 45
atgcctcttc tgcttttgct tcctcttttg tgggcaggtg ccctcgca                    48

<210> 46
<211> 87
<212> DNA
<213> Homo sapiens

<400> 46
atgaactctt tctcaacctc tgcgtttggt ccggtcgctt tctcccttgg gctcctgctt       60

gtcttgccag cagcgtttcc tgcgcca                                           87

<210> 47
<211> 60
<212> DNA
<213> Homo sapiens

<400> 47
atgacaagta aactggcggt agccttgctc gcggcctttt tgatttccgc agccctttgt       60

<210> 48
<211> 69
<212> DNA
<213> Homo sapiens

<400> 48
atgaaggtaa gtgcagcgtt gctttgcctt ctcctcattg cagcgacctt tattcctcaa       60

gggctggcc                                                               69
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<210> 49
<211> 78
<212> DNA
<213> Homo sapiens

<400> 49
atgggagcgg cagctagaac acttcgactt gcccttgggc tcttgctcct tgcaaccctc       60

cttagacctg ccgacgca                                                     78

<210> 50
<211> 63
<212> DNA
<213> Homo sapiens

<400> 50
atgtcaccgt tgttgcggag attgctgttg gccgcacttt tgcaactggc tcctgctcaa       60

gcc                                                                     63

<210> 51
<211> 63
<212> DNA
<213> Homo sapiens

<400> 51
atgaataacc tgctctgttg tgcgctcgtg ttcctggaca tttctataaa atggacaacg       60

caa                                                                     63

<210> 52
<211> 69
<212> DNA
<213> Homo sapiens

<400> 52
atgcaaatgt ctcctgccct tacctgtctc gtacttggtc ttgcgctcgt atttggagag       60

ggatcagcc                                                               69

<210> 53
<211> 102
<212> DNA
<213> Homo sapiens
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<400> 53
atggcaaggg ctgcactcag tgctgccccg tctaatccca gattgcttcg agttgcattg       60

cttcttctgt tgctggttgc agctggtagg agagcagcgg gt                         102

<210> 54
<211> 63
<212> DNA
<213> Homo sapiens

<400> 54
atgaatgcaa aagtcgtggt cgtgctggtt ttggttctga cggcgttgtg tcttagtgat       60

ggg                                                                     63

<210> 55
<211> 66
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      oligonucleotide

<400> 55
atggaacgca ttgtgatctg cctgatggtc atcttcctgg gcaccttagt gcacaagtcg       60

agcagc                                                                  66

<210> 56
<211> 22
<212> PRT
<213> Homo sapiens

<400> 56
Met Cys His Gln Gln Leu Val Ile Ser Trp Phe Ser Leu Val Phe Leu 
1               5                   10                  15      

Ala Ser Pro Leu Val Ala 
            20          

<210> 57
<211> 22
<212> PRT
<213> Artificial Sequence
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<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 57
Met Cys His Gln Gln Leu Val Ile Ser Trp Phe Ser Leu Val Phe Leu 
1               5                   10                  15      

Ala Ser Pro Leu Val Ala 
            20          

<210> 58
<211> 14
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 58
Met Gln Leu Leu Ser Cys Ile Ala Leu Ile Leu Ala Leu Val 
1               5                   10                  

<210> 59
<211> 20
<212> PRT
<213> Homo sapiens

<400> 59
Met Tyr Arg Met Gln Leu Leu Ser Cys Ile Ala Leu Ser Leu Ala Leu 
1               5                   10                  15      

Val Thr Asn Ser 
            20  

<210> 60
<211> 15
<212> PRT
<213> Homo sapiens

<400> 60
Met Asn Leu Leu Leu Ile Leu Thr Phe Val Ala Ala Ala Val Ala 
1               5                   10                  15  
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<210> 61
<211> 17
<212> PRT
<213> Gaussia princeps

<400> 61
Met Gly Val Lys Val Leu Phe Ala Leu Ile Cys Ile Ala Val Ala Glu 
1               5                   10                  15      

Ala 
    

<210> 62
<211> 24
<212> PRT
<213> Homo sapiens

<400> 62
Met Pro Met Gly Ser Leu Gln Pro Leu Ala Thr Leu Tyr Leu Leu Gly 
1               5                   10                  15      

Met Leu Val Ala Ser Cys Leu Gly 
            20                  

<210> 63
<211> 21
<212> PRT
<213> Mus sp.

<400> 63
Met Glu Thr Asp Thr Leu Leu Leu Trp Val Leu Leu Leu Trp Val Pro 
1               5                   10                  15      

Gly Ser Thr Gly Asp 
            20      

<210> 64
<211> 22
<212> PRT
<213> Homo sapiens

<400> 64
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Met Asp Met Arg Val Pro Ala Gln Leu Leu Gly Leu Leu Leu Leu Trp 
1               5                   10                  15      

Leu Arg Gly Ala Arg Cys 
            20          

<210> 65
<211> 16
<212> PRT
<213> Unknown

<220>
<223> Description of Unknown: 
      VSV-G sequence

<400> 65
Met Lys Cys Leu Leu Tyr Leu Ala Phe Leu Phe Ile Gly Val Asn Cys 
1               5                   10                  15      

<210> 66
<211> 28
<212> PRT
<213> Homo sapiens

<400> 66
Met Asn Ile Lys Gly Ser Pro Trp Lys Gly Ser Leu Leu Leu Leu Leu 
1               5                   10                  15      

Val Ser Asn Leu Leu Leu Cys Gln Ser Val Ala Pro 
            20                  25              

<210> 67
<211> 18
<212> PRT
<213> Homo sapiens

<400> 67
Met Lys Trp Val Thr Phe Ile Ser Leu Leu Phe Leu Phe Ser Ser Ala 
1               5                   10                  15      

Tyr Ser 
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<210> 68
<211> 19
<212> PRT
<213> Homo sapiens

<400> 68
Met Thr Arg Leu Thr Val Leu Ala Leu Leu Ala Gly Leu Leu Ala Ser 
1               5                   10                  15      

Ser Arg Ala 
            

<210> 69
<211> 17
<212> PRT
<213> Homo sapiens

<400> 69
Met Arg Ala Trp Ile Phe Phe Leu Leu Cys Leu Ala Gly Arg Ala Leu 
1               5                   10                  15      

Ala 
    

<210> 70
<211> 16
<212> PRT
<213> Homo sapiens

<400> 70
Met Pro Leu Leu Leu Leu Leu Pro Leu Leu Trp Ala Gly Ala Leu Ala 
1               5                   10                  15      

<210> 71
<211> 29
<212> PRT
<213> Homo sapiens

<400> 71
Met Asn Ser Phe Ser Thr Ser Ala Phe Gly Pro Val Ala Phe Ser Leu 
1               5                   10                  15      

Gly Leu Leu Leu Val Leu Pro Ala Ala Phe Pro Ala Pro 
            20                  25                  
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<210> 72
<211> 20
<212> PRT
<213> Homo sapiens

<400> 72
Met Thr Ser Lys Leu Ala Val Ala Leu Leu Ala Ala Phe Leu Ile Ser 
1               5                   10                  15      

Ala Ala Leu Cys 
            20  

<210> 73
<211> 23
<212> PRT
<213> Homo sapiens

<400> 73
Met Lys Val Ser Ala Ala Leu Leu Cys Leu Leu Leu Ile Ala Ala Thr 
1               5                   10                  15      

Phe Ile Pro Gln Gly Leu Ala 
            20              

<210> 74
<211> 26
<212> PRT
<213> Homo sapiens

<400> 74
Met Gly Ala Ala Ala Arg Thr Leu Arg Leu Ala Leu Gly Leu Leu Leu 
1               5                   10                  15      

Leu Ala Thr Leu Leu Arg Pro Ala Asp Ala 
            20                  25      

<210> 75
<211> 21
<212> PRT
<213> Homo sapiens

<400> 75
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Met Ser Pro Leu Leu Arg Arg Leu Leu Leu Ala Ala Leu Leu Gln Leu 
1               5                   10                  15      

Ala Pro Ala Gln Ala 
            20      

<210> 76
<211> 21
<212> PRT
<213> Homo sapiens

<400> 76
Met Asn Asn Leu Leu Cys Cys Ala Leu Val Phe Leu Asp Ile Ser Ile 
1               5                   10                  15      

Lys Trp Thr Thr Gln 
            20      

<210> 77
<211> 23
<212> PRT
<213> Homo sapiens

<400> 77
Met Gln Met Ser Pro Ala Leu Thr Cys Leu Val Leu Gly Leu Ala Leu 
1               5                   10                  15      

Val Phe Gly Glu Gly Ser Ala 
            20              

<210> 78
<211> 34
<212> PRT
<213> Homo sapiens

<400> 78
Met Ala Arg Ala Ala Leu Ser Ala Ala Pro Ser Asn Pro Arg Leu Leu 
1               5                   10                  15      

Arg Val Ala Leu Leu Leu Leu Leu Leu Val Ala Ala Gly Arg Arg Ala 
            20                  25                  30          
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Ala Gly 
        

<210> 79
<211> 21
<212> PRT
<213> Homo sapiens

<400> 79
Met Asn Ala Lys Val Val Val Val Leu Val Leu Val Leu Thr Ala Leu 
1               5                   10                  15      

Cys Leu Ser Asp Gly 
            20      

<210> 80
<211> 22
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 80
Met Glu Arg Ile Val Ile Cys Leu Met Val Ile Phe Leu Gly Thr Leu 
1               5                   10                  15      

Val His Lys Ser Ser Ser 
            20          

<210> 81
<211> 10
<212> PRT
<213> Unknown

<220>
<223> Description of Unknown: 
      cleavage site sequence

<400> 81
Asp Glu Met Glu Glu Cys Ser Gln His Leu 
1               5                   10  
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<210> 82
<211> 9
<212> PRT
<213> Unknown

<220>
<223> Description of Unknown: 
      cleavage site sequence

<400> 82
Glu Asp Val Val Pro Cys Ser Met Gly 
1               5                   

<210> 83
<211> 21
<212> PRT
<213> Homo sapiens

<400> 83
Met Ala Leu Pro Val Thr Ala Leu Leu Leu Pro Leu Ala Leu Leu Leu 
1               5                   10                  15      

His Ala Ala Arg Pro 
            20      

<210> 84
<211> 63
<212> DNA
<213> Homo sapiens

<400> 84
atggctctcc ctgtaactgc cctgcttctt ccccttgcct tgcttctcca tgccgctaga       60

ccc                                                                     63

<210> 85
<211> 22
<212> PRT
<213> Homo sapiens

<400> 85
Met Leu Leu Leu Val Thr Ser Leu Leu Leu Cys Glu Leu Pro His Pro 
1               5                   10                  15      

Ala Phe Leu Leu Ile Pro 
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            20          

<210> 86
<211> 66
<212> DNA
<213> Homo sapiens

<400> 86
atgctgctgc tggtcacatc tctgctgctg tgcgagctgc cccatcctgc ctttctgctg       60

atccct                                                                  66

<210> 87
<211> 66
<212> DNA
<213> Homo sapiens

<400> 87
atgctgctgc tggttacatc tctgctgctg tgcgagctgc cccatcctgc ctttctgctg       60

atccct                                                                  66

<210> 88
<211> 176
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 88
Ser Arg Pro Gly Glu Arg Pro Phe Gln Cys Arg Ile Cys Met Arg Asn 
1               5                   10                  15      

Phe Ser Arg Arg His Gly Leu Asp Arg His Thr Arg Thr His Thr Gly 
            20                  25                  30          

Glu Lys Pro Phe Gln Cys Arg Ile Cys Met Arg Asn Phe Ser Asp His 
        35                  40                  45              

Ser Ser Leu Lys Arg His Leu Arg Thr His Thr Gly Ser Gln Lys Pro 
    50                  55                  60                  
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Phe Gln Cys Arg Ile Cys Met Arg Asn Phe Ser Val Arg His Asn Leu 
65                  70                  75                  80  

Thr Arg His Leu Arg Thr His Thr Gly Glu Lys Pro Phe Gln Cys Arg 
                85                  90                  95      

Ile Cys Met Arg Asn Phe Ser Asp His Ser Asn Leu Ser Arg His Leu 
            100                 105                 110         

Lys Thr His Thr Gly Ser Gln Lys Pro Phe Gln Cys Arg Ile Cys Met 
        115                 120                 125             

Arg Asn Phe Ser Gln Arg Ser Ser Leu Val Arg His Leu Arg Thr His 
    130                 135                 140                 

Thr Gly Glu Lys Pro Phe Gln Cys Arg Ile Cys Met Arg Asn Phe Ser 
145                 150                 155                 160 

Glu Ser Gly His Leu Lys Arg His Leu Arg Thr His Leu Arg Gly Ser 
                165                 170                 175     

<210> 89
<211> 334
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 89
Thr Cys Arg Asp Tyr Lys Asp His Asp Gly Asp Tyr Lys Asp His Asp 
1               5                   10                  15      

Ile Asp Tyr Lys Asp Asp Asp Asp Lys Met Ala Pro Lys Lys Lys Arg 
            20                  25                  30          

Lys Val Gly Ile His Gly Val Pro Gly Gly Leu Glu Gly Gly Gly Gly 
        35                  40                  45              

34

kyk
Red Vertical Line



Ser Gly Gly Thr Glu Asp Val Val Cys Cys His Ser Ile Tyr Gly Lys 
    50                  55                  60                  

Lys Lys Gly Asp Ile Asp Thr Tyr Arg Tyr Ile Gly Ser Ser Gly Thr 
65                  70                  75                  80  

Gly Cys Val Val Ile Val Gly Arg Ile Val Leu Ser Gly Ser Gly Thr 
                85                  90                  95      

Ser Ala Pro Ile Thr Ala Tyr Ala Gln Gln Thr Arg Gly Leu Leu Gly 
            100                 105                 110         

Cys Ile Ile Thr Ser Leu Thr Gly Arg Asp Lys Asn Gln Val Glu Gly 
        115                 120                 125             

Glu Val Gln Ile Val Ser Thr Ala Thr Gln Thr Phe Leu Ala Thr Cys 
    130                 135                 140                 

Ile Asn Gly Val Cys Trp Ala Val Tyr His Gly Ala Gly Thr Arg Thr 
145                 150                 155                 160 

Ile Ala Ser Pro Lys Gly Pro Val Ile Gln Met Tyr Thr Asn Val Asp 
                165                 170                 175     

Gln Asp Leu Val Gly Trp Pro Ala Pro Gln Gly Ser Arg Ser Leu Thr 
            180                 185                 190         

Pro Cys Thr Cys Gly Ser Ser Asp Leu Tyr Leu Val Thr Arg His Ala 
        195                 200                 205             

Asp Val Ile Pro Val Arg Arg Arg Gly Asp Ser Arg Gly Ser Leu Leu 
    210                 215                 220                 

Ser Pro Arg Pro Ile Ser Tyr Leu Lys Gly Ser Ser Gly Gly Pro Leu 
225                 230                 235                 240 

Leu Cys Pro Ala Gly His Ala Val Gly Leu Phe Arg Ala Ala Val Cys 

35

kyk
Red Vertical Line



                245                 250                 255     

Thr Arg Gly Val Ala Lys Ala Val Asp Phe Ile Pro Val Glu Asn Leu 
            260                 265                 270         

Glu Thr Thr Met Arg Ser Pro Val Phe Thr Asp Asn Ser Ser Pro Pro 
        275                 280                 285             

Ala Val Thr Leu Thr His Pro Ile Thr Lys Ile Asp Arg Glu Val Leu 
    290                 295                 300                 

Tyr Gln Glu Phe Asp Glu Met Glu Glu Cys Ser Gln His Tyr Pro Tyr 
305                 310                 315                 320 

Asp Val Pro Asp Tyr Ala Gly Gly Gly Gly Ser Gly Gly Thr 
                325                 330                 

<210> 90
<211> 531
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 90
Glu Ala Ser Gly Ser Gly Arg Ala Asp Ala Leu Asp Asp Phe Asp Leu 
1               5                   10                  15      

Asp Met Leu Gly Ser Asp Ala Leu Asp Asp Phe Asp Leu Asp Met Leu 
            20                  25                  30          

Gly Ser Asp Ala Leu Asp Asp Phe Asp Leu Asp Met Leu Gly Ser Asp 
        35                  40                  45              

Ala Leu Asp Asp Phe Asp Leu Asp Met Leu Ile Asn Ser Arg Ser Ser 
    50                  55                  60                  

Gly Ser Pro Lys Lys Lys Arg Lys Val Gly Ser Gln Tyr Leu Pro Asp 
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65                  70                  75                  80  

Thr Asp Asp Arg His Arg Ile Glu Glu Lys Arg Lys Arg Thr Tyr Glu 
                85                  90                  95      

Thr Phe Lys Ser Ile Met Lys Lys Ser Pro Phe Ser Gly Pro Thr Asp 
            100                 105                 110         

Pro Arg Pro Pro Pro Arg Arg Ile Ala Val Pro Ser Arg Ser Ser Ala 
        115                 120                 125             

Ser Val Pro Lys Pro Ala Pro Gln Pro Tyr Pro Phe Thr Ser Ser Leu 
    130                 135                 140                 

Ser Thr Ile Asn Tyr Asp Glu Phe Pro Thr Met Val Phe Pro Ser Gly 
145                 150                 155                 160 

Gln Ile Ser Gln Ala Ser Ala Leu Ala Pro Ala Pro Pro Gln Val Leu 
                165                 170                 175     

Pro Gln Ala Pro Ala Pro Ala Pro Ala Pro Ala Met Val Ser Ala Leu 
            180                 185                 190         

Ala Gln Ala Pro Ala Pro Val Pro Val Leu Ala Pro Gly Pro Pro Gln 
        195                 200                 205             

Ala Val Ala Pro Pro Ala Pro Lys Pro Thr Gln Ala Gly Glu Gly Thr 
    210                 215                 220                 

Leu Ser Glu Ala Leu Leu Gln Leu Gln Phe Asp Asp Glu Asp Leu Gly 
225                 230                 235                 240 

Ala Leu Leu Gly Asn Ser Thr Asp Pro Ala Val Phe Thr Asp Leu Ala 
                245                 250                 255     

Ser Val Asp Asn Ser Glu Phe Gln Gln Leu Leu Asn Gln Gly Ile Pro 
            260                 265                 270         
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Val Ala Pro His Thr Thr Glu Pro Met Leu Met Glu Tyr Pro Glu Ala 
        275                 280                 285             

Ile Thr Arg Leu Val Thr Gly Ala Gln Arg Pro Pro Asp Pro Ala Pro 
    290                 295                 300                 

Ala Pro Leu Gly Ala Pro Gly Leu Pro Asn Gly Leu Leu Ser Gly Asp 
305                 310                 315                 320 

Glu Asp Phe Ser Ser Ile Ala Asp Met Asp Phe Ser Ala Leu Leu Gly 
                325                 330                 335     

Ser Gly Ser Gly Ser Arg Asp Ser Arg Glu Gly Met Phe Leu Pro Lys 
            340                 345                 350         

Pro Glu Ala Gly Ser Ala Ile Ser Asp Val Phe Glu Gly Arg Glu Val 
        355                 360                 365             

Cys Gln Pro Lys Arg Ile Arg Pro Phe His Pro Pro Gly Ser Pro Trp 
    370                 375                 380                 

Ala Asn Arg Pro Leu Pro Ala Ser Leu Ala Pro Thr Pro Thr Gly Pro 
385                 390                 395                 400 

Val His Glu Pro Val Gly Ser Leu Thr Pro Ala Pro Val Pro Gln Pro 
                405                 410                 415     

Leu Asp Pro Ala Pro Ala Val Thr Pro Glu Ala Ser His Leu Leu Glu 
            420                 425                 430         

Asp Pro Asp Glu Glu Thr Ser Gln Ala Val Lys Ala Leu Arg Glu Met 
        435                 440                 445             

Ala Asp Thr Val Ile Pro Gln Lys Glu Glu Ala Ala Ile Cys Gly Gln 
    450                 455                 460                 

Met Asp Leu Ser His Pro Pro Pro Arg Gly His Leu Asp Glu Leu Thr 
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465                 470                 475                 480 

Thr Thr Leu Glu Ser Met Thr Glu Asp Leu Asn Leu Asp Ser Pro Leu 
                485                 490                 495     

Thr Pro Glu Leu Asn Glu Ile Leu Asp Thr Phe Leu Asn Asp Glu Cys 
            500                 505                 510         

Leu Leu His Ala Met His Ile Ser Thr Gly Leu Ser Ile Phe Asp Thr 
        515                 520                 525             

Ser Leu Phe 
    530     

<210> 91
<211> 3129
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 91
atgtctagac ccggagagcg cccattccag tgtcggattt gcatgcggaa cttttcgaga       60

agacacggcc tggacagaca tacccgtact catacaggtg aaaaaccctt tcagtgtcgg      120

atctgtatgc gaaatttctc cgaccacagc agcctgaaga gacatctacg tacccacacc      180

ggcagccaga agccatttca gtgtcggatc tgtatgcgga acttctccgt gagacacaac      240

ctgaccagac atctacgtac gcacaccgga gagaagccat tccaatgccg aatatgcatg      300

cgcaacttca gtgaccacag caacctgagc agacacctaa aaacccacac cggttcccag      360

aagccatttc agtgtcggat ctgtatgcgg aacttctccc agcgcagcag cctggtgaga      420

catctacgta cgcacaccgg agagaagcca ttccaatgcc gaatatgcat gcgcaacttc      480

agtgagagcg gccacctgaa gagacacctg cgtacgcacc tgaggggatc cacctgcagg      540

gactacaaag accatgacgg tgattataaa gatcatgaca tcgattacaa ggatgacgat      600

gacaagatgg cccccaagaa aaagaggaag gtgggcattc acggggtgcc gggtggactc      660
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gagggaggcg gtggaagcgg cggtaccgag gacgtggtgt gctgccactc aatctacggc      720

aagaagaagg gtgatatcga cacctaccga tacataggct cttccgggac aggctgcgtg      780

gtcatagtgg gcaggatcgt cttgtccgga tccggcacta gtgcgcccat cacggcgtac      840

gcccagcaga cgagaggcct cctagggtgt ataatcacca gcctgactgg ccgggacaaa      900

aaccaagtgg agggtgaggt ccagatcgtg tcaactgcta cccaaacctt cctggcaacg      960

tgcatcaatg gggtatgctg ggcagtctac cacggggccg gaacgaggac catcgcatca     1020

cccaagggtc ctgtcatcca gatgtatacc aatgtggacc aagaccttgt gggctggccc     1080

gctcctcaag gttcccgctc attgacaccc tgtacctgcg gctcctcgga cctttacctg     1140

gtcacgaggc acgccgatgt cattcccgtg cgccggcgag gtgatagtag aggctctctg     1200

ctgagcccca gacctatcag ctacctgaag ggctctagcg gcggacctct gctttgtcct     1260

gctggacatg ccgtgggcct gtttagagcc gccgtgtgta caagaggcgt ggccaaagcc     1320

gtggacttca tccccgtgga aaacctggaa accaccatgc ggagccccgt gttcaccgac     1380

aattctagcc ctccagccgt gacactgaca caccccatca ccaagatcga cagagaggtg     1440

ctgtaccaag agttcgacga gatggaagag tgcagccagc actaccccta cgacgtgcca     1500

gattatgctg gcggcggagg atctggcgga acagaagcct ctggaagcgg cagagctgac     1560

gccctggatg acttcgacct ggatatgctg ggcagcgacg ctctggacga ttttgacctc     1620

gacatgctgg gatctgatgc actcgacgat ttcgatttgg acatgctcgg cagtgatgcc     1680

ttggacgact ttgatcttga tatgctcatc aacagccggt ccagcggcag ccccaagaaa     1740

aaaagaaaag tgggctccca gtacctgcct gacaccgacg acagacaccg gatcgaggaa     1800

aagcggaagc ggacctacga gacattcaag agcatcatga agaagtcccc attcagcggc     1860

cccaccgatc ctagacctcc acctagaaga atcgccgtgc ctagcagatc tagcgcctcc     1920

gtgcctaaac ctgctcctca gccttatcct ttcaccagca gcctgagcac catcaactac     1980

gacgagttcc ctaccatggt gttccccagc ggccagatct ctcaggcttc tgctcttgct     2040

ccagctcctc ctcaggttct gcctcaagct cctgcaccag caccggctcc agctatggtt     2100

tctgctttgg ctcaggcccc tgctcctgtg cctgttcttg ctcctggacc acctcaggct     2160
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gttgctcctc ctgctccaaa acctacacag gccggcgaag gcacactgtc tgaagctctg     2220

ctgcagctcc agttcgatga cgaagatctg ggcgccctgc tgggcaattc tacagatcct     2280

gccgtgttta ccgatctggc cagcgtggac aacagcgagt ttcagcagct cctgaatcag     2340

ggcatccctg tggctcctca caccaccgaa cctatgctga tggaataccc cgaggccatc     2400

accagactgg tcaccggtgc tcaaagacca cctgatccag ctccagcacc actgggagca     2460

cctggactgc ctaatggact gctgtctggc gacgaggact tcagctctat cgccgacatg     2520

gatttctctg ccctgctcgg ctctggcagc ggctctagag atagcagaga aggcatgttc     2580

ctgcctaagc ctgaggccgg ctctgccatc tccgatgtgt tcgagggaag agaagtgtgc     2640

cagcctaagc ggatccggcc ttttcaccct cctggaagcc cttgggccaa cagacctctg     2700

cctgcttctc tggcccctac accaacagga cctgtgcacg aacctgtggg cagtctgacc     2760

ccagctcctg ttcctcaacc tctggatccc gctcctgctg tgacacctga agcctctcat     2820

ctgctggaag atcccgacga agagacaagc caggccgtga aggccctgag agaaatggcc     2880

gacacagtga tccctcagaa agaggaagcc gccatctgcg gacagatgga cctgtctcat     2940

cctccaccaa gaggccacct ggacgagctg acaaccacac tggaatccat gaccgaggac     3000

ctgaacctgg acagccctct gacacccgag ctgaacgaga tcctggacac cttcctgaac     3060

gacgagtgtc tgctgcacgc catgcacatc tctaccggcc tgagcatctt cgacaccagc     3120

ctgttttga                                                             3129

<210> 92
<211> 243
<212> DNA
<213> Unknown

<220>
<223> Description of Unknown: 
      ACP-binding domain sequence

<400> 92
cgggtttcgt aacaatcgca tgaggattcg caacgccttc ggcgtagccg atgtcgcgct       60

cccgtctcag taaaggtcgg cgtagccgat gtcgcgcaat cggactgcct tcgtacggcg      120
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tagccgatgt cgcgcgtatc agtcgcctcg gaacggcgta gccgatgtcg cgcattcgta      180

agaggctcac tctcccttac acggagtgga taactagttc tagagggtat ataatggggg      240

cca                                                                    243

<210> 93
<211> 541
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 93
Met Cys His Gln Gln Leu Val Ile Ser Trp Phe Ser Leu Val Phe Leu 
1               5                   10                  15      

Ala Ser Pro Leu Val Ala Ile Trp Glu Leu Lys Lys Asp Val Tyr Val 
            20                  25                  30          

Val Glu Leu Asp Trp Tyr Pro Asp Ala Pro Gly Glu Met Val Val Leu 
        35                  40                  45              

Thr Cys Asp Thr Pro Glu Glu Asp Gly Ile Thr Trp Thr Leu Asp Gln 
    50                  55                  60                  

Ser Ser Glu Val Leu Gly Ser Gly Lys Thr Leu Thr Ile Gln Val Lys 
65                  70                  75                  80  

Glu Phe Gly Asp Ala Gly Gln Tyr Thr Cys His Lys Gly Gly Glu Val 
                85                  90                  95      

Leu Ser His Ser Leu Leu Leu Leu His Lys Lys Glu Asp Gly Ile Trp 
            100                 105                 110         

Ser Thr Asp Ile Leu Lys Asp Gln Lys Glu Pro Lys Asn Lys Thr Phe 
        115                 120                 125             

Leu Arg Cys Glu Ala Lys Asn Tyr Ser Gly Arg Phe Thr Cys Trp Trp 
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    130                 135                 140                 

Leu Thr Thr Ile Ser Thr Asp Leu Thr Phe Ser Val Lys Ser Ser Arg 
145                 150                 155                 160 

Gly Ser Ser Asp Pro Gln Gly Val Thr Cys Gly Ala Ala Thr Leu Ser 
                165                 170                 175     

Ala Glu Arg Val Arg Gly Asp Asn Lys Glu Tyr Glu Tyr Ser Val Glu 
            180                 185                 190         

Cys Gln Glu Asp Ser Ala Cys Pro Ala Ala Glu Glu Ser Leu Pro Ile 
        195                 200                 205             

Glu Val Met Val Asp Ala Val His Lys Leu Lys Tyr Glu Asn Tyr Thr 
    210                 215                 220                 

Ser Ser Phe Phe Ile Arg Asp Ile Ile Lys Pro Asp Pro Pro Lys Asn 
225                 230                 235                 240 

Leu Gln Leu Lys Pro Leu Lys Asn Ser Arg Gln Val Glu Val Ser Trp 
                245                 250                 255     

Glu Tyr Pro Asp Thr Trp Ser Thr Pro His Ser Tyr Phe Ser Leu Thr 
            260                 265                 270         

Phe Cys Val Gln Val Gln Gly Lys Ser Lys Arg Glu Lys Lys Asp Arg 
        275                 280                 285             

Val Phe Thr Asp Lys Thr Ser Ala Thr Val Ile Cys Arg Lys Asn Ala 
    290                 295                 300                 

Ser Ile Ser Val Arg Ala Gln Asp Arg Tyr Tyr Ser Ser Ser Trp Ser 
305                 310                 315                 320 

Glu Trp Ala Ser Val Pro Cys Ser Gly Gly Gly Ser Gly Gly Gly Ser 
                325                 330                 335     
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Gly Gly Gly Ser Gly Gly Gly Ser Arg Asn Leu Pro Val Ala Thr Pro 
            340                 345                 350         

Asp Pro Gly Met Phe Pro Cys Leu His His Ser Gln Asn Leu Leu Arg 
        355                 360                 365             

Ala Val Ser Asn Met Leu Gln Lys Ala Arg Gln Thr Leu Glu Phe Tyr 
    370                 375                 380                 

Pro Cys Thr Ser Glu Glu Ile Asp His Glu Asp Ile Thr Lys Asp Lys 
385                 390                 395                 400 

Thr Ser Thr Val Glu Ala Cys Leu Pro Leu Glu Leu Thr Lys Asn Glu 
                405                 410                 415     

Ser Cys Leu Asn Ser Arg Glu Thr Ser Phe Ile Thr Asn Gly Ser Cys 
            420                 425                 430         

Leu Ala Ser Arg Lys Thr Ser Phe Met Met Ala Leu Cys Leu Ser Ser 
        435                 440                 445             

Ile Tyr Glu Asp Leu Lys Met Tyr Gln Val Glu Phe Lys Thr Met Asn 
    450                 455                 460                 

Ala Lys Leu Leu Met Asp Pro Lys Arg Gln Ile Phe Leu Asp Gln Asn 
465                 470                 475                 480 

Met Leu Ala Val Ile Asp Glu Leu Met Gln Ala Leu Asn Phe Asn Ser 
                485                 490                 495     

Glu Thr Val Pro Gln Lys Ser Ser Leu Glu Glu Pro Asp Phe Tyr Lys 
            500                 505                 510         

Thr Lys Ile Lys Leu Cys Ile Leu Leu His Ala Phe Arg Ile Arg Ala 
        515                 520                 525             

Val Thr Ile Asp Arg Val Met Ser Tyr Leu Asn Ala Ser 
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    530                 535                 540     

<210> 94
<211> 1626
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 94
atgtgccatc agcaactcgt catctcctgg ttctcccttg tgttcctcgc ttcccctctg       60

gtcgccattt gggaactgaa gaaggacgtc tacgtggtcg agctggattg gtacccggac      120

gcccctggag aaatggtcgt gctgacttgc gatacgccag aagaggacgg cataacctgg      180

accctggatc agagctccga ggtgctcgga agcggaaaga ccctgaccat tcaagtcaag      240

gagttcggcg acgcgggcca gtacacttgc cacaagggtg gcgaagtgct gtcccactcc      300

ctgctgctgc tgcacaagaa agaggatgga atctggtcca ctgacatcct caaggaccaa      360

aaagaaccga agaacaagac cttcctccgc tgcgaagcca agaactacag cggtcggttc      420

acctgttggt ggctgacgac aatctccacc gacctgactt tctccgtgaa gtcgtcacgg      480

ggatcaagcg atcctcaggg cgtgacctgt ggagccgcca ctctgtccgc cgagagagtc      540

aggggagaca acaaggaata tgagtactcc gtggaatgcc aggaggacag cgcctgccct      600

gccgcggaag agtccctgcc tatcgaggtc atggtcgatg ccgtgcataa gctgaaatac      660

gagaactaca cttcctcctt ctttatccgc gacatcatca agcctgaccc ccccaagaac      720

ttgcagctga agccactcaa gaactcccgc caagtggaag tgtcttggga atatccagac      780

acttggagca ccccgcactc atacttctcg ctcactttct gtgtgcaagt gcagggaaag      840

tccaaacggg agaagaaaga ccgggtgttc accgacaaaa cctccgccac tgtgatttgt      900

cggaagaacg cgtcaatcag cgtccgggcg caggatagat actactcgtc ctcctggagc      960

gaatgggcca gcgtgccttg ttccggtggc ggatcaggcg gaggttcagg aggaggctcc     1020

ggaggaggtt cccggaacct ccctgtggca acccccgacc ctggaatgtt cccgtgccta     1080

caccactccc aaaacctcct gagggctgtg tcgaacatgt tgcagaaggc ccgccagacc     1140
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cttgagttct acccctgcac ctcggaagaa attgatcacg aggacatcac caaggacaag     1200

acctcgaccg tggaagcctg cctgccgctg gaactgacca agaacgaatc gtgtctgaac     1260

tcccgcgaga caagctttat cactaacggc agctgcctgg cgtcgagaaa gacctcattc     1320

atgatggcgc tctgtctttc ctcgatctac gaagatctga agatgtatca ggtcgagttc     1380

aagaccatga acgccaagct gctcatggac ccgaagcggc agatcttcct ggaccagaat     1440

atgctcgccg tgattgatga actgatgcag gccctgaatt tcaactccga gactgtgcct     1500

caaaagtcca gcctggaaga accggacttc tacaagacca agatcaagct gtgcatcctg     1560

ttgcacgctt tccgcattcg agccgtgacc attgaccgcg tgatgtccta cctgaacgcc     1620

agttaa                                                                1626

<210> 95
<211> 1626
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 95
atgtgccatc agcagcttgt catatcttgg ttttcacttg tattcctggc cagccctttg       60

gttgcgatct gggagctcaa gaaggatgtg tacgttgtag agctggactg gtaccccgat      120

gctcccggtg agatggtcgt tttgacatgt gacactccag aagaggacgg tattacgtgg      180

actctggacc agtcctccga agttcttggt tctggtaaga ctctgactat ccaggtgaaa      240

gaatttgggg atgcgggaca atacacatgc cacaagggag gcgaggtgtt gtctcatagt      300

ttgctgcttc tccacaagaa agaggatgga atctggagca ccgacatact caaggatcaa      360

aaggaaccca aaaataagac atttctgcga tgtgaggcta agaactatag tggccgcttc      420

acttgttggt ggctgactac catcagcaca gatctcacgt tttcagtaaa aagtagtaga      480

ggttcaagtg atcctcaagg ggtaacgtgc ggtgctgcaa cactgtctgc tgaacgcgta      540

agaggagata ataaggagta cgagtattcc gtagaatgcc aagaggacag tgcttgtcct      600
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gcggccgagg agtctctccc aatagaagtg atggtggacg cggtgcataa actgaaatat      660

gagaactaca caagcagttt ttttataaga gatatcatca agcccgatcc gccgaagaat      720

ttgcaactta aaccgcttaa aaactcacgc caggttgaag tatcctggga gtatccggat      780

acatggtcaa caccacacag ctatttttcc cttaccttct gtgtgcaggt ccaagggaag      840

agcaaaaggg agaagaagga cagggtattc actgataaaa cttccgcgac ggtcatctgc      900

cgaaaaaacg ctagtatatc tgtacgggcg caggataggt actatagttc ttcttggtct      960

gagtgggcct cagttccgtg ctctggggga ggaagtggag gagggtccgg cggtggaagc     1020

gggggaggga gtcgcaactt gccagtggct acaccagatc caggcatgtt tccatgtctg     1080

catcattccc agaatctcct gagagcggtg tcaaatatgc tccaaaaagc gagacaaaca     1140

ctggaatttt acccgtgtac cagtgaggag attgatcacg aggacataac caaggacaag     1200

acctcaactg tagaagcgtg tttgccgctg gagttgacta agaatgagtc ctgcctcaat     1260

tccagagaaa cttcattcat tactaacggc agttgtcttg catcccggaa aacgtccttt     1320

atgatggccc tttgccttag ttcaatttac gaggatctta aaatgtatca agtggagttt     1380

aaaaccatga atgctaaact tcttatggac cccaaacgac aaatttttct ggatcagaat     1440

atgcttgccg tgatagacga actcatgcag gcgcttaatt ttaactccga aacagttcca     1500

caaaaatcta gccttgaaga acctgatttt tataaaacga agattaaact gtgtatcctg     1560

ctgcatgcct ttcgcatccg agctgtcaca atcgataggg ttatgtccta ccttaacgcg     1620

agctag                                                                1626

<210> 96
<211> 65
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 96
Arg Thr Leu Val Thr Phe Lys Asp Val Phe Val Asp Phe Thr Arg Glu 
1               5                   10                  15      
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Glu Trp Lys Leu Leu Asp Thr Ala Gln Gln Ile Val Tyr Arg Asn Val 
            20                  25                  30          

Met Leu Glu Asn Tyr Lys Asn Leu Val Ser Leu Gly Tyr Gln Leu Thr 
        35                  40                  45              

Lys Pro Asp Val Ile Leu Arg Leu Glu Lys Gly Glu Glu Pro Trp Leu 
    50                  55                  60                  

Val 
65  

<210> 97
<211> 45
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 97
Arg Thr Leu Val Thr Phe Lys Asp Val Phe Val Asp Phe Thr Arg Glu 
1               5                   10                  15      

Glu Trp Lys Leu Leu Asp Thr Ala Gln Gln Ile Val Tyr Arg Asn Val 
            20                  25                  30          

Met Leu Glu Asn Tyr Lys Asn Leu Val Ser Leu Gly Tyr 
        35                  40                  45  

<210> 98
<211> 195
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 98
agaaccctgg tcaccttcaa ggacgtgttc gtggacttca cccgggaaga gtggaagctg       60
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ctggatacag cccagcagat cgtgtaccgg aacgtgatgc tggaaaacta caagaatctg      120

gtgtccctgg gctaccagct gaccaagcct gacgtgatcc tgcggctgga aaagggcgaa      180

gaaccttggc tggtg                                                       195

<210> 99
<211> 135
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 99
agaaccctgg tcaccttcaa ggacgtgttc gtggacttca cccgggaaga gtggaagctg       60

ctggatacag cccagcagat cgtgtaccgg aacgtgatgc tggaaaacta caagaatctg      120

gtgtccctgg gctac                                                       135

<210> 100
<211> 42
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 100
Ala Ala Ala Ile Glu Val Met Tyr Pro Pro Pro Tyr Leu Asp Asn Glu 
1               5                   10                  15      

Lys Ser Asn Gly Thr Ile Ile His Val Lys Gly Lys His Leu Cys Pro 
            20                  25                  30          

Ser Pro Leu Phe Pro Gly Pro Ser Lys Pro 
        35                  40          

<210> 101
<211> 12
<212> PRT
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<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 101
Glu Ser Lys Tyr Gly Pro Pro Cys Pro Ser Cys Pro 
1               5                   10          

<210> 102
<211> 12
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 102
Glu Ser Lys Tyr Gly Pro Pro Ala Pro Ser Ala Pro 
1               5                   10          

<210> 103
<211> 12
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 103
Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro 
1               5                   10          

<210> 104
<211> 12
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 104
Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro 
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1               5                   10          

<210> 105
<211> 86
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 105
Ala Ala Ala Phe Val Pro Val Phe Leu Pro Ala Lys Pro Thr Thr Thr 
1               5                   10                  15      

Pro Ala Pro Arg Pro Pro Thr Pro Ala Pro Thr Ile Ala Ser Gln Pro 
            20                  25                  30          

Leu Ser Leu Arg Pro Glu Ala Cys Arg Pro Ala Ala Gly Gly Ala Val 
        35                  40                  45              

His Thr Arg Gly Leu Asp Phe Ala Cys Asp Ile Tyr Ile Trp Ala Pro 
    50                  55                  60                  

Leu Ala Gly Thr Cys Gly Val Leu Leu Leu Ser Leu Val Ile Thr Leu 
65                  70                  75                  80  

Tyr Cys Asn His Arg Asn 
                85      

<210> 106
<211> 45
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 106
Thr Thr Thr Pro Ala Pro Arg Pro Pro Thr Pro Ala Pro Thr Ile Ala 
1               5                   10                  15      
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Leu Gln Pro Leu Ser Leu Arg Pro Glu Ala Cys Arg Pro Ala Ala Gly 
            20                  25                  30          

Gly Ala Val His Thr Arg Gly Leu Asp Phe Ala Cys Asp 
        35                  40                  45  

<210> 107
<211> 132
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 107
Ala Cys Pro Thr Gly Leu Tyr Thr His Ser Gly Glu Cys Cys Lys Ala 
1               5                   10                  15      

Cys Asn Leu Gly Glu Gly Val Ala Gln Pro Cys Gly Ala Asn Gln Thr 
            20                  25                  30          

Val Cys Glu Pro Cys Leu Asp Ser Val Thr Phe Ser Asp Val Val Ser 
        35                  40                  45              

Ala Thr Glu Pro Cys Lys Pro Cys Thr Glu Cys Val Gly Leu Gln Ser 
    50                  55                  60                  

Met Ser Ala Pro Cys Val Glu Ala Asp Asp Ala Val Cys Arg Cys Ala 
65                  70                  75                  80  

Tyr Gly Tyr Tyr Gln Asp Glu Thr Thr Gly Arg Cys Glu Ala Cys Arg 
                85                  90                  95      

Val Cys Glu Ala Gly Ser Gly Leu Val Phe Ser Cys Gln Asp Lys Gln 
            100                 105                 110         

Asn Thr Val Cys Glu Glu Cys Pro Asp Gly Thr Tyr Ser Asp Glu Ala 
        115                 120                 125             
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Asp Ala Glu Cys 
    130         

<210> 108
<211> 34
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 108
Ala Cys Pro Thr Gly Leu Tyr Thr His Ser Gly Glu Cys Cys Lys Ala 
1               5                   10                  15      

Cys Asn Leu Gly Glu Gly Val Ala Gln Pro Cys Gly Ala Asn Gln Thr 
            20                  25                  30          

Val Cys 
        

<210> 109
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 109
Ala Val Gly Gln Asp Thr Gln Glu Val Ile Val Val Pro His Ser Leu 
1               5                   10                  15      

Pro Phe Lys Val 
            20  

<210> 110
<211> 126
<212> DNA
<213> Artificial Sequence
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<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 110
gcagcagcta tcgaggtgat gtatcctccg ccctacctgg ataatgaaaa gagtaatggg       60

actatcattc atgtaaaagg gaagcatctt tgtccttctc cccttttccc cggtccgtct      120

aaacct                                                                 126

<210> 111
<211> 36
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      oligonucleotide

<400> 111
gaaagcaagt acggtccacc ttgccctagc tgtccg                                 36

<210> 112
<211> 36
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      oligonucleotide

<400> 112
gaatccaagt acggcccccc agcgcctagt gcccca                                 36

<210> 113
<211> 36
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      oligonucleotide

<400> 113
gaatctaaat atggcccgcc atgcccgcct tgccca                                 36
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<210> 114
<211> 36
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      oligonucleotide

<400> 114
gaaccgaagt cttgtgataa aactcatacg tgcccg                                 36

<210> 115
<211> 258
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 115
gctgctgctt tcgtacccgt gttcctccct gctaagccta cgactacccc cgcaccgaga       60

ccacccacgc cagcacccac gattgctagc cagcccctta gtttgcgacc agaagcttgt      120

cggcctgctg ctggtggcgc ggtacatacc cgcggccttg attttgcttg cgatatatat      180

atctgggcgc ctctggccgg aacatgcggg gtcctcctcc tttctctggt tattactctc      240

tactgtaatc acaggaat                                                    258

<210> 116
<211> 396
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 116
gcctgcccga ccgggctcta cactcatagc ggggaatgtt gtaaggcatg taacttgggt       60

gagggcgtcg cacagccctg cggagctaac caaacagtgt gcgaaccctg cctcgatagt      120

gtgacgttct ctgatgttgt atcagctaca gagccttgca aaccatgtac tgagtgcgtt      180
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ggacttcagt caatgagcgc tccatgtgtg gaggcagatg atgcggtctg tcgatgtgct      240

tacggatact accaagacga gacaacaggg cggtgcgagg cctgtagagt ttgtgaggcg      300

ggctccgggc tggtgttttc atgtcaagac aagcaaaata cggtctgtga agagtgccct      360

gatggcacct actcagacga agcagatgca gaatgc                                396

<210> 117
<211> 102
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 117
gcctgcccta caggactcta cacgcatagc ggtgagtgtt gtaaagcatg caacctcggg       60

gaaggtgtag cccagccatg cggggctaac caaaccgttt gc                         102

<210> 118
<211> 60
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      oligonucleotide

<400> 118
gctgtgggcc aggacacgca ggaggtcatc gtggtgccac actccttgcc ctttaaggtg       60

<210> 119
<211> 5
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 119
Lys Asn Ala Met Asn 
1               5   
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<210> 120
<211> 19
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 120
Arg Ile Arg Asn Lys Thr Asn Asn Tyr Ala Thr Tyr Tyr Ala Asp Ser 
1               5                   10                  15      

Val Lys Ala 
            

<210> 121
<211> 6
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 121
Gly Asn Ser Phe Ala Tyr 
1               5       

<210> 122
<211> 17
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 122
Lys Ser Ser Gln Ser Leu Leu Tyr Ser Ser Asn Gln Lys Asn Tyr Leu 
1               5                   10                  15      

Ala 
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<210> 123
<211> 7
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 123
Trp Ala Ser Ser Arg Glu Ser 
1               5           

<210> 124
<211> 9
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 124
Gln Gln Tyr Tyr Asn Tyr Pro Leu Thr 
1               5                   

<210> 125
<211> 117
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 125
Glu Val Gln Leu Val Glu Thr Gly Gly Gly Met Val Gln Pro Glu Gly 
1               5                   10                  15      

Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Asn Lys Asn 
            20                  25                  30          

Ala Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val 
        35                  40                  45              
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Ala Arg Ile Arg Asn Lys Thr Asn Asn Tyr Ala Thr Tyr Tyr Ala Asp 
    50                  55                  60                  

Ser Val Lys Ala Arg Phe Thr Ile Ser Arg Asp Asp Ser Gln Ser Met 
65                  70                  75                  80  

Leu Tyr Leu Gln Met Asn Asn Leu Lys Ile Glu Asp Thr Ala Met Tyr 
                85                  90                  95      

Tyr Cys Val Ala Gly Asn Ser Phe Ala Tyr Trp Gly Gln Gly Thr Leu 
            100                 105                 110         

Val Thr Val Ser Ala 
        115         

<210> 126
<211> 117
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 126
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly 
1               5                   10                  15      

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Asn Lys Asn 
            20                  25                  30          

Ala Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val 
        35                  40                  45              

Gly Arg Ile Arg Asn Lys Thr Asn Asn Tyr Ala Thr Tyr Tyr Ala Asp 
    50                  55                  60                  

Ser Val Lys Ala Arg Phe Thr Ile Ser Arg Asp Asp Ser Lys Asn Ser 
65                  70                  75                  80  
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Leu Tyr Leu Gln Met Asn Ser Leu Lys Thr Glu Asp Thr Ala Val Tyr 
                85                  90                  95      

Tyr Cys Val Ala Gly Asn Ser Phe Ala Tyr Trp Gly Gln Gly Thr Leu 
            100                 105                 110         

Val Thr Val Ser Ala 
        115         

<210> 127
<211> 113
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 127
Asp Ile Val Met Ser Gln Ser Pro Ser Ser Leu Val Val Ser Ile Gly 
1               5                   10                  15      

Glu Lys Val Thr Met Thr Cys Lys Ser Ser Gln Ser Leu Leu Tyr Ser 
            20                  25                  30          

Ser Asn Gln Lys Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln 
        35                  40                  45              

Ser Pro Lys Leu Leu Ile Tyr Trp Ala Ser Ser Arg Glu Ser Gly Val 
    50                  55                  60                  

Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr 
65                  70                  75                  80  

Ile Ser Ser Val Lys Ala Glu Asp Leu Ala Val Tyr Tyr Cys Gln Gln 
                85                  90                  95      

Tyr Tyr Asn Tyr Pro Leu Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu 
            100                 105                 110         
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Lys 
    

<210> 128
<211> 113
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 128
Asp Ile Val Met Thr Gln Ser Pro Asp Ser Leu Ala Val Ser Leu Gly 
1               5                   10                  15      

Glu Arg Ala Thr Ile Asn Cys Lys Ser Ser Gln Ser Leu Leu Tyr Ser 
            20                  25                  30          

Ser Asn Gln Lys Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln 
        35                  40                  45              

Pro Pro Lys Leu Leu Ile Tyr Trp Ala Ser Ser Arg Glu Ser Gly Val 
    50                  55                  60                  

Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr 
65                  70                  75                  80  

Ile Ser Ser Leu Gln Ala Glu Asp Val Ala Val Tyr Tyr Cys Gln Gln 
                85                  90                  95      

Tyr Tyr Asn Tyr Pro Leu Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile 
            100                 105                 110         

Lys 
    

<210> 129
<211> 119
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<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 129
Gln Val Gln Leu Val Glu Ser Gly Gly Gly Thr Val Gln Ala Gly Gly 
1               5                   10                  15      

Ser Leu Lys Leu Ala Cys Ala Ala Ser Gly Leu Pro Arg Thr Tyr Asn 
            20                  25                  30          

Val Met Gly Trp Phe Arg Gln Ala Pro Gly Lys Glu Arg Glu Gly Val 
        35                  40                  45              

Ala Ile Ile Tyr Thr Thr Thr Gly Ala Thr Tyr Tyr Arg Asp Ser Val 
    50                  55                  60                  

Lys Gly Arg Ala Thr Ile Ser Gln Asp Asn Ala Lys Lys Ser Val Ser 
65                  70                  75                  80  

Leu Gln Met Asn Ser Leu Arg Pro Glu Asp Thr Ala Ile Tyr Tyr Cys 
                85                  90                  95      

Val Ala Arg Gln Pro Asn Ser Gly Pro Trp Glu Tyr Trp Gly Gln Gly 
            100                 105                 110         

Thr Gln Val Thr Val Ser Ser 
        115                 

<210> 130
<211> 117
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 130
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Gln Val Lys Leu Glu Glu Ser Gly Gly Gly Ser Val Gln Ala Gly Gly 
1               5                   10                  15      

Ser Leu Arg Leu Ser Cys Thr Thr Ser Gly Tyr Thr Asn Ser Tyr Lys 
            20                  25                  30          

Trp Met Gly Trp Phe Arg Gln Ala Pro Gly Gln Glu Arg Glu Gly Val 
        35                  40                  45              

Ala Val Ile Tyr Thr Gly Asn Asp Arg Thr Tyr Tyr Ser Asp Ser Val 
    50                  55                  60                  

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Met Ile Tyr 
65                  70                  75                  80  

Leu Asp Met Thr Arg Leu Arg Pro Glu Asp Ser Ala Val Tyr Glu Cys 
                85                  90                  95      

Ala Ile Gly His Asp Gly Ala Trp Arg Tyr Trp Gly Gln Gly Thr Gln 
            100                 105                 110         

Val Thr Val Ser Ser 
        115         

<210> 131
<211> 60
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 131
Phe Asn Val Leu Met Val His Lys Arg Ser His Thr Gly Glu Arg Pro 
1               5                   10                  15      

Leu Gln Cys Glu Ile Cys Gly Phe Thr Cys Arg Gln Lys Gly Asn Leu 
            20                  25                  30          
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Leu Arg His Ile Lys Leu His Thr Gly Glu Lys Pro Phe Lys Cys His 
        35                  40                  45              

Leu Cys Asn Tyr Ala Cys Gln Arg Arg Asp Ala Leu 
    50                  55                  60  

<210> 132
<211> 208
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 132
Met Asp Tyr Lys Asp Asp Asp Asp Lys Asp Tyr Lys Asp Asp Asp Asp 
1               5                   10                  15      

Lys Asp Tyr Lys Asp Asp Asp Asp Lys Pro Lys Lys Lys Arg Lys Val 
            20                  25                  30          

Ser Arg Pro Gly Glu Arg Pro Phe Gln Cys Arg Ile Cys Met Arg Asn 
        35                  40                  45              

Phe Ser Arg Arg His Gly Leu Asp Arg His Thr Arg Thr His Thr Gly 
    50                  55                  60                  

Glu Lys Pro Phe Gln Cys Arg Ile Cys Met Arg Asn Phe Ser Asp His 
65                  70                  75                  80  

Ser Ser Leu Lys Arg His Leu Arg Thr His Thr Gly Ser Gln Lys Pro 
                85                  90                  95      

Phe Gln Cys Arg Ile Cys Met Arg Asn Phe Ser Val Arg His Asn Leu 
            100                 105                 110         

Thr Arg His Leu Arg Thr His Thr Gly Glu Lys Pro Phe Gln Cys Arg 
        115                 120                 125             
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Ile Cys Met Arg Asn Phe Ser Asp His Ser Asn Leu Ser Arg His Leu 
    130                 135                 140                 

Lys Thr His Thr Gly Ser Gln Lys Pro Phe Gln Cys Arg Ile Cys Met 
145                 150                 155                 160 

Arg Asn Phe Ser Gln Arg Ser Ser Leu Val Arg His Leu Arg Thr His 
                165                 170                 175     

Thr Gly Glu Lys Pro Phe Gln Cys Arg Ile Cys Met Arg Asn Phe Ser 
            180                 185                 190         

Glu Ser Gly His Leu Lys Arg His Leu Arg Thr His Leu Arg Gly Ser 
        195                 200                 205             

<210> 133
<211> 45
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 133
Glu Asp Val Val Cys Cys His Ser Ile Tyr Gly Lys Lys Lys Gly Asp 
1               5                   10                  15      

Ile Asp Thr Tyr Arg Tyr Ile Gly Ser Ser Gly Thr Gly Cys Val Val 
            20                  25                  30          

Ile Val Gly Arg Ile Val Leu Ser Gly Ser Gly Thr Ser 
        35                  40                  45  

<210> 134
<211> 186
<212> PRT
<213> Hepacivirus C

<400> 134
Ala Pro Ile Thr Ala Tyr Ala Gln Gln Thr Arg Gly Leu Leu Gly Cys 
1               5                   10                  15      
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Ile Ile Thr Ser Leu Thr Gly Arg Asp Lys Asn Gln Val Glu Gly Glu 
            20                  25                  30          

Val Gln Ile Val Ser Thr Ala Thr Gln Thr Phe Leu Ala Thr Cys Ile 
        35                  40                  45              

Asn Gly Val Cys Trp Ala Val Tyr His Gly Ala Gly Thr Arg Thr Ile 
    50                  55                  60                  

Ala Ser Pro Lys Gly Pro Val Ile Gln Met Tyr Thr Asn Val Asp Gln 
65                  70                  75                  80  

Asp Leu Val Gly Trp Pro Ala Pro Gln Gly Ser Arg Ser Leu Thr Pro 
                85                  90                  95      

Cys Thr Cys Gly Ser Ser Asp Leu Tyr Leu Val Thr Arg His Ala Asp 
            100                 105                 110         

Val Ile Pro Val Arg Arg Arg Gly Asp Ser Arg Gly Ser Leu Leu Ser 
        115                 120                 125             

Pro Arg Pro Ile Ser Tyr Leu Lys Gly Ser Ser Gly Gly Pro Leu Leu 
    130                 135                 140                 

Cys Pro Ala Gly His Ala Val Gly Leu Phe Arg Ala Ala Val Cys Thr 
145                 150                 155                 160 

Arg Gly Val Ala Lys Ala Val Asp Phe Ile Pro Val Glu Asn Leu Glu 
                165                 170                 175     

Thr Thr Met Arg Ser Pro Val Phe Thr Asp 
            180                 185     

<210> 135
<211> 34
<212> PRT
<213> Artificial Sequence
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<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 135
Asn Ser Ser Pro Pro Ala Val Thr Leu Thr His Pro Ile Thr Lys Ile 
1               5                   10                  15      

Asp Arg Glu Val Leu Tyr Gln Glu Phe Asp Glu Met Glu Glu Cys Ser 
            20                  25                  30          

Gln His 
        

<210> 136
<211> 3015
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 136
atggactaca aggacgacga cgacaaggat tacaaggatg atgatgataa ggactataag       60

gacgatgatg acaaacccaa gaagaagcgg aaggtttccc ggcctggcga gaggcctttc      120

cagtgcagaa tctgcatgcg gaacttcagc agacggcacg gcctggacag acacaccaga      180

acacacacag gcgagaaacc cttccagtgc cggatctgta tgagaaattt cagcgaccac      240

agcagcctga agcggcacct gagaacccat accggcagcc agaaaccatt tcagtgtagg      300

atatgcatgc gcaatttctc cgtgcggcac aacctgacca gacacctgag gacacacacc      360

ggggagaagc cttttcaatg tcgcatatgc atgagaaact tctctgacca ctccaacctg      420

agccgccacc tcaaaaccca caccggctct caaaagccct tccaatgtag aatatgtatg      480

aggaacttta gccagcggag cagcctcgtg cgccatctga gaactcacac tggcgaaaag      540

ccgtttcaat gccgtatctg tatgcgcaac tttagcgaga gcggccacct gaagagacat      600

ctgcgcacac acctgagagg cagcgaggat gtcgtgtgct gccacagcat ctacggaaag      660
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aagaagggcg acatcgacac ctatcggtac atcggcagca gcggcacagg ctgtgttgtg      720

atcgtgggca gaatcgtgct gagcggctct ggaacaagcg cccctatcac agcctacgct      780

cagcagacaa gaggcctgct gggctgcatc atcacaagcc tgaccggcag agacaagaac      840

caggtggaag gcgaggtgca gatcgtgtct acagctaccc agaccttcct ggccacctgt      900

atcaatggcg tgtgctgggc cgtgtatcac ggcgctggca caagaacaat cgcctctcca      960

aagggccccg tgatccagat gtacaccaac gtggaccagg acctcgttgg ctggcctgct     1020

cctcaaggca gcagaagcct gacaccttgc acctgtggct ccagcgatct gtacctggtc     1080

accagacacg ccgacgtgat ccctgtcaga agaagagggg attccagagg cagcctgctg     1140

agccctagac ctatcagcta cctgaagggc agctctggcg gacctctgct ttgtcctgct     1200

ggacatgccg tgggcctgtt tagagccgcc gtgtgtacaa gaggcgtggc caaagccgtg     1260

gacttcatcc ccgtggaaaa cctggaaacc accatgcgga gccccgtgtt caccgacaat     1320

tctagccctc cagccgtgac actgacacac cccatcacca agatcgacag agaggtgctg     1380

taccaagagt tcgacgagat ggaagagtgc agccagcacg aggcctctgg atctggtaga     1440

gccgacgctc tggacgactt cgacctggat atgctgggct ctgacgccct ggatgatttt     1500

gacctcgaca tgctgggaag cgacgccctc gacgatttcg atttggacat gctcggcagt     1560

gatgcactcg atgactttga tcttgatatg ctgatcaaca gccggtccag cggcagccct     1620

aagaaaaaac ggaaagtggg cagccagtat ctgcccgaca ccgacgatcg gcaccggatc     1680

gaggaaaagc ggaagcggac ctacgagaca ttcaagagca tcatgaagaa gtccccattc     1740

agcggcccca ccgatcctag acctccacct agaagaatcg ccgtgcctag cagatctagc     1800

gcctccgtgc ctaaacctgc tccacagcct tatcctttca cctctagcct gagcaccatc     1860

aactacgacg agttccctac catggtgttc cccagcggcc agatctctca ggcatctgct     1920

cttgctccag ctccacctca ggttctgcct caagctcctg ctccggctcc tgcaccagct     1980

atggtgtctg cacttgctca ggcaccagct ccagtgcctg ttcttgctcc tggacctcct     2040

caggctgttg ctccaccagc acctaaacct acacaggccg gcgagggaac actgtctgaa     2100

gccctgctgc aactccagtt cgatgacgag gatctgggcg ccctgctggg aaattctaca     2160
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gaccctgccg tgtttaccga tctggccagc gtggacaaca gcgagtttca gcagctcctg     2220

aaccagggca tcccagtggc tcctcacacc acagagccca tgctgatgga ataccccgag     2280

gccatcacca gactggtcac cggcgcacaa agacctccag atcctgctcc agcaccgctt     2340

ggagcacctg gactgcctaa tggactgctg tctggcgacg aggacttcag ctctatcgcc     2400

gacatggatt tctctgccct gctcggctct ggcagcggct ctagagatag cagagaaggc     2460

atgttcctgc ctaagcctga ggccggctct gccatctccg atgtgttcga gggaagagaa     2520

gtgtgccagc ctaagcggat ccggcctttt caccctcctg gaagcccttg ggccaacaga     2580

cctctgcctg cttctctggc ccctacacca acaggacctg tgcacgaacc tgtgggcagt     2640

cttacccctg ctcctgttcc tcagccactg gatcccgcac cagctgtgac acctgaagcc     2700

agccatctgc tggaagatcc cgacgaagaa acctctcagg ccgtgaaggc cctgagagaa     2760

atggccgaca cagtgatccc tcagaaagag gaagccgcca tttgcggaca gatggacctg     2820

tctcaccctc caccaagagg ccacctggac gagctgacca ccacactgga atccatgacc     2880

gaggacctga acctggacag ccctctgaca cccgagctga acgagatcct ggacaccttc     2940

ctgaacgacg agtgtctgct gcacgccatg cacatctcta ccggcctgag catcttcgac     3000

accagcctgt tctga                                                      3015

<210> 137
<211> 2372
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 137
tccccagcat gcctgctatt ctcttcccaa tcctccccct tgctgtcctg ccccacccca       60

ccccccagaa tagaatgaca cctactcaga caatgcgatg caatttcctc attttattag      120

gaaaggacag tgggagtggc accttccagg gtcaaggaag gcacggggga ggggcaaaca      180

acagatggct ggcaactaga aggcacagtt aactggcgtt caggtaggac atcacgcggt      240

caatggtcac ggctcgaatg cggaaagcgt gcaacaggat gcacagcttg atcttggtct      300
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tgtagaagtc cggttcttcc aggctggact tttgaggcac agtctcggag ttgaaattca      360

gggcctgcat cagttcatca atcacggcga gcatattctg gtccaggaag atctgccgct      420

tcgggtccat gagcagcttg gcgttcatgg tcttgaactc gacctgatac atcttcagat      480

cttcgtagat cgaggaaaga cagagcgcca tcatgaatga ggtctttctc gacgccaggc      540

agctgccgtt agtgataaag cttgtctcgc gggagttcag acacgattcg ttcttggtca      600

gttccagcgg caggcaggct tccacggtcg aggtcttgtc cttggtgatg tcctcgtgat      660

caatttcttc cgaggtgcag gggtagaact caagggtctg gcgggccttc tgcaacatgt      720

tcgacacagc cctcaggagg ttttgggagt ggtgtaggca cgggaacatt ccagggtcgg      780

gggttgccac agggaggttc cgggaacctc ctccggagcc tcctcctgaa cctccgcctg      840

atccgccacc ggaacaaggc acgctggccc attcgctcca ggaggacgag tagtatctat      900

cctgcgcccg gacgctgatt gacgcgttct tccgacaaat cacagtggcg gaggttttgt      960

cggtgaacac ccggtctttc ttctcccgtt tggactttcc ctgcacttgc acacagaaag     1020

tgagcgagaa gtatgagtgc ggggtgctcc aagtgtctgg atattcccaa gacacttcca     1080

cttggcggga gttcttgagt ggcttcagct gcaagttctt gggggggtca ggcttgatga     1140

tgtcgcggat aaagaaggag gaagtgtagt tctcgtattt cagcttatgc acggcatcga     1200

ccatgacctc gataggcagg gactcttccg cggcagggca ggcgctgtcc tcctggcatt     1260

ccacggagta ctcatattcc ttgttgtctc ccctgactct ctcggcggac agagtggcgg     1320

ctccacaggt cacgccctga ggatcgcttg atccccgtga cgacttcacg gagaaagtca     1380

ggtcggtgga gattgtcgtc agccaccaac aggtgaaccg accgctgtag ttcttggctt     1440

cgcagcggag gaaggtcttg ttcttcggtt ctttttggtc cttgaggatg tcagtggacc     1500

agattccatc ctctttcttg tgcagcagca gcagggagtg ggacagcact tcgccaccct     1560

tgtggcaagt gtactggccc gcgtcgccga actccttgac ttgaatggtc agggtctttc     1620

cgcttccgag cacctcggag ctctgatcca gggtccaggt tatgccgtcc tcttctggcg     1680

tatcgcaagt cagcacgacc atttctccag gggcgtccgg gtaccaatcc agctcgacca     1740

cgtagacgtc cttcttcagt tcccaaatgg cgaccagagg ggaagcgagg aacacaaggg     1800
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agaaccagga gatgacgagt tgctgatggc acatggtggc ggcaccggta cgcgttggcc     1860

cccattatat accctctaga actagttatc cactccgtgt aagggagagt gagcctctta     1920

cgaatgcgcg acatcggcta cgccgttccg aggcgactga tacgcgcgac atcggctacg     1980

ccgtacgaag gcagtccgat tgcgcgacat cggctacgcc gacctttact gagacgggag     2040

cgcgacatcg gctacgccga aggcgttgcg aatcctcatg cgattgttac gaaacccgtt     2100

aattaaagag cgagattccg tctcaaagaa aaaaaaagta atgaaatgaa taaaatgagt     2160

cctagagcca gtaaatgtcg taaatgtctc agctagtcag gtagtaaaag gtctcaacta     2220

ggcagtggca gagcaggatt caaattcagg gctgttgtga tgcctccgca gactctgagc     2280

gccacctggt ggtaatttgt ctgtgcctct tctgacgtgg aagaacagca actaacacac     2340

taacacggca tttactatgg gccagccatt gt                                   2372

<210> 138
<211> 729
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 138
Met Leu Leu Leu Val Thr Ser Leu Leu Leu Cys Glu Leu Pro His Pro 
1               5                   10                  15      

Ala Phe Leu Leu Ile Pro His Met Glu Val Gln Leu Val Glu Ser Gly 
            20                  25                  30          

Gly Gly Leu Val Gln Pro Gly Gly Ser Leu Arg Leu Ser Cys Ala Ala 
        35                  40                  45              

Ser Gly Phe Thr Phe Asn Lys Asn Ala Met Asn Trp Val Arg Gln Ala 
    50                  55                  60                  

Pro Gly Lys Gly Leu Glu Trp Val Gly Arg Ile Arg Asn Lys Thr Asn 
65                  70                  75                  80  
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Asn Tyr Ala Thr Tyr Tyr Ala Asp Ser Val Lys Ala Arg Phe Thr Ile 
                85                  90                  95      

Ser Arg Asp Asp Ser Lys Asn Ser Leu Tyr Leu Gln Met Asn Ser Leu 
            100                 105                 110         

Lys Thr Glu Asp Thr Ala Val Tyr Tyr Cys Val Ala Gly Asn Ser Phe 
        115                 120                 125             

Ala Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ala Gly Gly Gly 
    130                 135                 140                 

Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Asp Ile Val Met 
145                 150                 155                 160 

Thr Gln Ser Pro Asp Ser Leu Ala Val Ser Leu Gly Glu Arg Ala Thr 
                165                 170                 175     

Ile Asn Cys Lys Ser Ser Gln Ser Leu Leu Tyr Ser Ser Asn Gln Lys 
            180                 185                 190         

Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Pro Pro Lys Leu 
        195                 200                 205             

Leu Ile Tyr Trp Ala Ser Ser Arg Glu Ser Gly Val Pro Asp Arg Phe 
    210                 215                 220                 

Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu 
225                 230                 235                 240 

Gln Ala Glu Asp Val Ala Val Tyr Tyr Cys Gln Gln Tyr Tyr Asn Tyr 
                245                 250                 255     

Pro Leu Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys Thr Thr Thr 
            260                 265                 270         
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Pro Ala Pro Arg Pro Pro Thr Pro Ala Pro Thr Ile Ala Ser Gln Pro 
        275                 280                 285             

Leu Ser Leu Arg Pro Glu Ala Cys Arg Pro Ala Ala Gly Gly Ala Val 
    290                 295                 300                 

His Thr Arg Gly Leu Asp Phe Ala Cys Asp Ile Tyr Ile Trp Ala Pro 
305                 310                 315                 320 

Leu Ala Gly Thr Cys Gly Val Leu Leu Leu Ser Leu Val Ile Thr Lys 
                325                 330                 335     

Arg Gly Arg Lys Lys Leu Leu Tyr Ile Phe Lys Gln Pro Phe Met Arg 
            340                 345                 350         

Pro Val Gln Thr Thr Gln Glu Glu Asp Gly Cys Ser Cys Arg Phe Pro 
        355                 360                 365             

Glu Glu Glu Glu Gly Gly Cys Glu Leu Arg Val Lys Phe Ser Arg Ser 
    370                 375                 380                 

Ala Asp Ala Pro Ala Tyr Gln Gln Gly Gln Asn Gln Leu Tyr Asn Glu 
385                 390                 395                 400 

Leu Asn Leu Gly Arg Arg Glu Glu Tyr Asp Val Leu Asp Lys Arg Arg 
                405                 410                 415     

Gly Arg Asp Pro Glu Met Gly Gly Lys Pro Arg Arg Lys Asn Pro Gln 
            420                 425                 430         

Glu Gly Leu Tyr Asn Glu Leu Gln Lys Asp Lys Met Ala Glu Ala Tyr 
        435                 440                 445             

Ser Glu Ile Gly Met Lys Gly Glu Arg Arg Arg Gly Lys Gly His Asp 
    450                 455                 460                 

Gly Leu Tyr Gln Gly Leu Ser Thr Ala Thr Lys Asp Thr Tyr Asp Ala 
465                 470                 475                 480 
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Leu His Met Gln Ala Leu Pro Pro Arg Gly Met Val Ser Lys Gly Glu 
                485                 490                 495     

Glu Leu Phe Thr Gly Val Val Pro Ile Leu Val Glu Leu Asp Gly Asp 
            500                 505                 510         

Val Asn Gly His Lys Phe Ser Val Ser Gly Glu Gly Glu Gly Asp Ala 
        515                 520                 525             

Thr Tyr Gly Lys Leu Thr Leu Lys Leu Ile Cys Thr Thr Gly Lys Leu 
    530                 535                 540                 

Pro Val Pro Trp Pro Thr Leu Val Thr Thr Leu Gly Tyr Gly Leu Gln 
545                 550                 555                 560 

Cys Phe Ala Arg Tyr Pro Asp His Met Lys Gln His Asp Phe Phe Lys 
                565                 570                 575     

Ser Ala Met Pro Glu Gly Tyr Val Gln Glu Arg Thr Ile Phe Phe Lys 
            580                 585                 590         

Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu Val Lys Phe Glu Gly Asp 
        595                 600                 605             

Thr Leu Val Asn Arg Ile Glu Leu Lys Gly Ile Asp Phe Lys Glu Asp 
    610                 615                 620                 

Gly Asn Ile Leu Gly His Lys Leu Glu Tyr Asn Tyr Asn Ser His Asn 
625                 630                 635                 640 

Val Tyr Ile Thr Ala Asp Lys Gln Lys Asn Gly Ile Lys Ala Asn Phe 
                645                 650                 655     

Lys Ile Arg His Asn Ile Glu Asp Gly Gly Val Gln Leu Ala Asp His 
            660                 665                 670         
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Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly Pro Val Leu Leu Pro Asp 
        675                 680                 685             

Asn His Tyr Leu Ser Tyr Gln Ser Ala Leu Ser Lys Asp Pro Asn Glu 
    690                 695                 700                 

Lys Arg Asp His Met Val Leu Leu Glu Phe Val Thr Ala Ala Gly Ile 
705                 710                 715                 720 

Thr Leu Gly Met Asp Glu Leu Tyr Lys 
                725                 

<210> 139
<211> 2619
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 139
gtaacgccat tttgcaaggc atggaaaaat accaaaccaa gaatagagaa gttcagatca       60

agggcgggta catgaaaata gctaacgttg ggccaaacag gatatctgcg gtgagcagtt      120

tcggccccgg cccggggcca agaacagatg gtcaccgcag tttcggcccc ggcccgaggc      180

caagaacaga tggtccccag atatggccca accctcagca gtttcttaag acccatcaga      240

tgtttccagg ctcccccaag gacctgaaat gaccctgcgc cttatttgaa ttaaccaatc      300

agcctgcttc tcgcttctgt tcgcgcgctt ctgcttcccg agctctataa aagagctcac      360

aacccctcac tcggcgcgcc agtcctccga cagactgagt cgcccggggg atcctacgta      420

gccgccacca tgctgctgct ggtcacatct ctgctgctgt gcgagctgcc ccatcctgcc      480

tttctgctga tccctcacat ggaagtgcag ctggtggaat ctggcggagg actggttcaa      540

cctggcggct ctctgagact gtcttgtgcc gccagcggct tcaccttcaa caagaacgcc      600

atgaactggg tccgacaggc ccctggcaaa ggccttgaat gggtcggacg gatcagaaac      660

aagaccaaca actacgccac ctactacgcc gacagcgtga aggccaggtt caccatctcc      720
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agagatgaca gcaagaacag cctgtacctc cagatgaact ccctgaaaac cgaggacacc      780

gccgtgtact attgcgtggc cggcaatagc tttgcctact ggggacaggg caccctggtt      840

acagtttctg ctggtggtgg aggctcagga gggggaggtt ccggaggagg cggttcggac      900

atcgtgatga cacagagccc tgacagcctg gccgtgtctc tgggagaaag agccaccatc      960

aactgcaaga gcagccagag cctgctgtac tccagcaacc agaagaacta cctggcctgg     1020

tatcagcaaa agcccggcca gcctcctaag ctgctgatct attgggccag ctccagagaa     1080

agcggcgtgc ccgatagatt ttctggctct ggcagcggca ccgacttcac cctgacaatt     1140

tctagcctgc aagccgagga cgtggccgtg tattactgcc agcagtacta caactaccct     1200

ctgaccttcg gccagggcac caagctggaa atcaagacca ccacaccagc tcctcggcct     1260

ccaactcctg ctcctacaat tgccagccag cctctgtctc tgaggcccga agcttgtaga     1320

ccagctgccg gcggagctgt gcatacaaga ggactggatt tcgcctgcga catctacata     1380

tgggcccccc tcgccggtac ttgcggtgtt ttgcttttgt cactggtgat tacgaagcgc     1440

ggtcgaaaaa aactcctcta catcttcaaa caacctttca tgcggcctgt ccaaacaact     1500

caagaagagg acgggtgttc atgccgcttt ccagaggaag aggaaggtgg ctgtgaactt     1560

cgggtgaagt tctcacgatc tgcggacgcc cccgcatacc aacagggaca gaaccaactc     1620

tacaatgaac tgaacctggg gcgaagagaa gaatatgacg ttctggataa gcgcagaggc     1680

cgcgaccccg aaatgggagg taagccgaga aggaaaaatc cacaggaagg actgtataat     1740

gagttgcaaa aggataagat ggcggaagca tattcagaga ttgggatgaa aggcgaaaga     1800

agaagaggca aaggacatga tgggctgtat cagggccttt ccacggccac aaaagatacg     1860

tatgacgcgc tgcacatgca agctcttcct cccaggggaa tggtgtccaa aggagaagaa     1920

ctgttcaccg gagtggtgcc gattctggtg gaactggacg gcgatgtcaa cggacacaag     1980

ttctcagtca gcggagaagg ggaaggggat gctacgtacg ggaagctcac cctgaagctc     2040

atctgtacta ctgggaagct gcctgtgccc tggccaactc tggtgacaac cctcggttac     2100

gggttgcagt gcttcgcacg ctaccctgac cacatgaagc agcacgattt cttcaaatcc     2160

gccatgcctg agggttacgt gcaagagcgg accatctttt tcaaggacga tggcaactac     2220
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aagactcggg ccgaagtgaa attcgaaggg gacactcttg tgaaccgcat cgagttgaag     2280

ggcattgact tcaaggaaga tggcaacatt ttgggacaca agctggagta caactacaat     2340

tcccataacg tgtacatcac cgccgacaag cagaaaaacg ggatcaaggc caacttcaag     2400

atccgccaca atatcgagga tggcggagtg cagctggctg accactacca gcagaacacc     2460

cccatcggtg atggcccagt tctgctcccc gataaccatt acctgtcgta ccaatcggca     2520

ttgagcaagg accccaacga gaagcgcgat cacatggtgt tgctggaatt tgtgaccgct     2580

gccggcatta ccctcgggat ggacgagctc tacaagtaa                            2619

<210> 140
<211> 2849
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 140
tccccagcat gcctgctatt ctcttcccaa tcctccccct tgctgtcctg ccccacccca       60

ccccccagaa tagaatgaca cctactcaga caatgcgatg caatttcctc attttattag      120

gaaaggacag tgggagtggc accttccagg gtcaaggaag gcacggggga ggggcaaaca      180

acagatggct ggcaactaga aggcacagtc agctggtgtt gatgaacatc tgcacgatgt      240

gcacgaagct ctgcaggaac tctttgatat tcttttcttc cagttcctcg cattctttgc      300

agccggactc ggtcacattg ccgttggagg acaggctgtt gttggccagg atgatcaggt      360

tttccacggt atcgtggatg gaggcgtcgc cgctttccag gctgatcact tgcagctcga      420

gcagaaagca cttcatggcg gtcactttac agctagggtg cacgtcgctc tcggtgtaca      480

gtgtggcgtc gatgtgcatg ctctggatca gatcctcgat cttcttcaga tcgctgatca      540

cgttgaccca gttgcctgta gagccgggca cccaaagaag cagcacccac agcagcagtg      600

tgtcggtttc cataggtcca gggttttcct ccacgtctcc acacgtcagt agactcccgc      660

gtccctcgcc agatcctctc ttccgtctac tggcgttcag gtaggacatc acgcggtcaa      720

tggtcacggc tcgaatgcgg aaagcgtgca acaggatgca cagcttgatc ttggtcttgt      780
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agaagtccgg ttcttccagg ctggactttt gaggcacagt ctcggagttg aaattcaggg      840

cctgcatcag ttcatcaatc acggcgagca tattctggtc caggaagatc tgccgcttcg      900

ggtccatgag cagcttggcg ttcatggtct tgaactcgac ctgatacatc ttcagatctt      960

cgtagatcga ggaaagacag agcgccatca tgaatgaggt ctttctcgac gccaggcagc     1020

tgccgttagt gataaagctt gtctcgcggg agttcagaca cgattcgttc ttggtcagtt     1080

ccagcggcag gcaggcttcc acggtcgagg tcttgtcctt ggtgatgtcc tcgtgatcaa     1140

tttcttccga ggtgcagggg tagaactcaa gggtctggcg ggccttctgc aacatgttcg     1200

acacagccct caggaggttt tgggagtggt gtaggcacgg gaacattcca gggtcggggg     1260

ttgccacagg gaggttccgg gaacctcctc cggagcctcc tcctgaacct ccgcctgatc     1320

cgccaccgga acaaggcacg ctggcccatt cgctccagga ggacgagtag tatctatcct     1380

gcgcccggac gctgattgac gcgttcttcc gacaaatcac agtggcggag gttttgtcgg     1440

tgaacacccg gtctttcttc tcccgtttgg actttccctg cacttgcaca cagaaagtga     1500

gcgagaagta tgagtgcggg gtgctccaag tgtctggata ttcccaagac acttccactt     1560

ggcgggagtt cttgagtggc ttcagctgca agttcttggg ggggtcaggc ttgatgatgt     1620

cgcggataaa gaaggaggaa gtgtagttct cgtatttcag cttatgcacg gcatcgacca     1680

tgacctcgat aggcagggac tcttccgcgg cagggcaggc gctgtcctcc tggcattcca     1740

cggagtactc atattccttg ttgtctcccc tgactctctc ggcggacaga gtggcggctc     1800

cacaggtcac gccctgagga tcgcttgatc cccgtgacga cttcacggag aaagtcaggt     1860

cggtggagat tgtcgtcagc caccaacagg tgaaccgacc gctgtagttc ttggcttcgc     1920

agcggaggaa ggtcttgttc ttcggttctt tttggtcctt gaggatgtca gtggaccaga     1980

ttccatcctc tttcttgtgc agcagcagca gggagtggga cagcacttcg ccacccttgt     2040

ggcaagtgta ctggcccgcg tcgccgaact ccttgacttg aatggtcagg gtctttccgc     2100

ttccgagcac ctcggagctc tgatccaggg tccaggttat gccgtcctct tctggcgtat     2160

cgcaagtcag cacgaccatt tctccagggg cgtccgggta ccaatccagc tcgaccacgt     2220

agacgtcctt cttcagttcc caaatggcga ccagagggga agcgaggaac acaagggaga     2280
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accaggagat gacgagttgc tgatggcaca tggtggcggc accggtacgc gttggccccc     2340

attatatacc ctctagaact agttatccac tccgtgtaag ggagagtgag cctcttacga     2400

atgcgcgaca tcggctacgc cgttccgagg cgactgatac gcgcgacatc ggctacgccg     2460

tacgaaggca gtccgattgc gcgacatcgg ctacgccgac ctttactgag acgggagcgc     2520

gacatcggct acgccgaagg cgttgcgaat cctcatgcga ttgttacgaa acccgttaat     2580

taaagagcga gattccgtct caaagaaaaa aaaagtaatg aaatgaataa aatgagtcct     2640

agagccagta aatgtcgtaa atgtctcagc tagtcaggta gtaaaaggtc tcaactaggc     2700

agtggcagag caggattcaa attcagggct gttgtgatgc ctccgcagac tctgagcgcc     2760

acctggtggt aatttgtctg tgcctcttct gacgtggaag aacagcaact aacacactaa     2820

cacggcattt actatgggcc agccattgt                                       2849

<210> 141
<211> 134
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 141
Met Glu Thr Asp Thr Leu Leu Leu Trp Val Leu Leu Leu Trp Val Pro 
1               5                   10                  15      

Gly Ser Thr Gly Asn Trp Val Asn Val Ile Ser Asp Leu Lys Lys Ile 
            20                  25                  30          

Glu Asp Leu Ile Gln Ser Met His Ile Asp Ala Thr Leu Tyr Thr Glu 
        35                  40                  45              

Ser Asp Val His Pro Ser Cys Lys Val Thr Ala Met Lys Cys Phe Leu 
    50                  55                  60                  

Leu Glu Leu Gln Val Ile Ser Leu Glu Ser Gly Asp Ala Ser Ile His 
65                  70                  75                  80  
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Asp Thr Val Glu Asn Leu Ile Ile Leu Ala Asn Asn Ser Leu Ser Ser 
                85                  90                  95      

Asn Gly Asn Val Thr Glu Ser Gly Cys Lys Glu Cys Glu Glu Leu Glu 
            100                 105                 110         

Glu Lys Asn Ile Lys Glu Phe Leu Gln Ser Phe Val His Ile Val Gln 
        115                 120                 125             

Met Phe Ile Asn Thr Ser 
    130                 

<210> 142
<211> 25
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 142
Arg Arg Lys Arg Gly Ser Gly Glu Gly Arg Gly Ser Leu Leu Thr Cys 
1               5                   10                  15      

Gly Asp Val Glu Glu Asn Pro Gly Pro 
            20                  25  

<210> 143
<211> 2404
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 143
tccccagcat gcctgctatt ctcttcccaa tcctccccct tgctgtcctg ccccacccca       60

ccccccagaa tagaatgaca cctactcaga caatgcgatg caatttcctc attttattag      120
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gaaaggacag tgggagtggc accttccagg gtcaaggaag gcacggggga ggggcaaaca      180

acagatggct ggcaactaga aggcacagtt aactggcgtt caggtaggac atcacgcggt      240

caatggtcac ggctcgaatg cggaaagcgt gcaacaggat gcacagcttg atcttggtct      300

tgtagaagtc cggttcttcc aggctggact tttgaggcac agtctcggag ttgaaattca      360

gggcctgcat cagttcatca atcacggcga gcatattctg gtccaggaag atctgccgct      420

tcgggtccat gagcagcttg gcgttcatgg tcttgaactc gacctgatac atcttcagat      480

cttcgtagat cgaggaaaga cagagcgcca tcatgaatga ggtctttctc gacgccaggc      540

agctgccgtt agtgataaag cttgtctcgc gggagttcag acacgattcg ttcttggtca      600

gttccagcgg caggcaggct tccacggtcg aggtcttgtc cttggtgatg tcctcgtgat      660

caatttcttc cgaggtgcag gggtagaact caagggtctg gcgggccttc tgcaacatgt      720

tcgacacagc cctcaggagg ttttgggagt ggtgtaggca cgggaacatt ccagggtcgg      780

gggttgccac agggaggttc cgggaacctc ctccggagcc tcctcctgaa cctccgcctg      840

atccgccacc ggaacaaggc acgctggccc attcgctcca ggaggacgag tagtatctat      900

cctgcgcccg gacgctgatt gacgcgttct tccgacaaat cacagtggcg gaggttttgt      960

cggtgaacac ccggtctttc ttctcccgtt tggactttcc ctgcacttgc acacagaaag     1020

tgagcgagaa gtatgagtgc ggggtgctcc aagtgtctgg atattcccaa gacacttcca     1080

cttggcggga gttcttgagt ggcttcagct gcaagttctt gggggggtca ggcttgatga     1140

tgtcgcggat aaagaaggag gaagtgtagt tctcgtattt cagcttatgc acggcatcga     1200

ccatgacctc gataggcagg gactcttccg cggcagggca ggcgctgtcc tcctggcatt     1260

ccacggagta ctcatattcc ttgttgtctc ccctgactct ctcggcggac agagtggcgg     1320

ctccacaggt cacgccctga ggatcgcttg atccccgtga cgacttcacg gagaaagtca     1380

ggtcggtgga gattgtcgtc agccaccaac aggtgaaccg accgctgtag ttcttggctt     1440

cgcagcggag gaaggtcttg ttcttcggtt ctttttggtc cttgaggatg tcagtggacc     1500

agattccatc ctctttcttg tgcagcagca gcagggagtg ggacagcact tcgccaccct     1560

tgtggcaagt gtactggccc gcgtcgccga actccttgac ttgaatggtc agggtctttc     1620
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cgcttccgag cacctcggag ctctgatcca gggtccaggt tatgccgtcc tcttctggcg     1680

tatcgcaagt cagcacgacc atttctccag gggcgtccgg gtaccaatcc agctcgacca     1740

cgtagacgtc cttcttcagt tcccaaatgg cgaccagagg ggaagcgagg aacacaaggg     1800

agaaccagga gatgacgagt tgctgatggc acatggtggc ggcaccggtt taagcgggtc     1860

gctgcagggt cgctcggtgt tcgaggccac acgcgtcacc ttaatatgcg aaactagtta     1920

tccactccgt gtaagggaga gtgagcctct tacgaatgcg cgacatcggc tacgccgttc     1980

cgaggcgact gatacgcgcg acatcggcta cgccgtacga aggcagtccg attgcgcgac     2040

atcggctacg ccgaccttta ctgagacggg agcgcgacat cggctacgcc gaaggcgttg     2100

cgaatcctca tgcgattgtt acgaaacccg ttaattaaag agcgagattc cgtctcaaag     2160

aaaaaaaaag taatgaaatg aataaaatga gtcctagagc cagtaaatgt cgtaaatgtc     2220

tcagctagtc aggtagtaaa aggtctcaac taggcagtgg cagagcagga ttcaaattca     2280

gggctgttgt gatgcctccg cagactctga gcgccacctg gtggtaattt gtctgtgcct     2340

cttctgacgt ggaagaacag caactaacac actaacacgg catttactat gggccagcca     2400

ttgt                                                                  2404

<210> 144
<211> 2881
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 144
tccccagcat gcctgctatt ctcttcccaa tcctccccct tgctgtcctg ccccacccca       60

ccccccagaa tagaatgaca cctactcaga caatgcgatg caatttcctc attttattag      120

gaaaggacag tgggagtggc accttccagg gtcaaggaag gcacggggga ggggcaaaca      180

acagatggct ggcaactaga aggcacagtc agctggtgtt gatgaacatc tgcacgatgt      240

gcacgaagct ctgcaggaac tctttgatat tcttttcttc cagttcctcg cattctttgc      300

agccggactc ggtcacattg ccgttggagg acaggctgtt gttggccagg atgatcaggt      360
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tttccacggt atcgtggatg gaggcgtcgc cgctttccag gctgatcact tgcagctcga      420

gcagaaagca cttcatggcg gtcactttac agctagggtg cacgtcgctc tcggtgtaca      480

gtgtggcgtc gatgtgcatg ctctggatca gatcctcgat cttcttcaga tcgctgatca      540

cgttgaccca gttgcctgta gagccgggca cccaaagaag cagcacccac agcagcagtg      600

tgtcggtttc cataggtcca gggttttcct ccacgtctcc acacgtcagt agactcccgc      660

gtccctcgcc agatcctctc ttccgtctac tggcgttcag gtaggacatc acgcggtcaa      720

tggtcacggc tcgaatgcgg aaagcgtgca acaggatgca cagcttgatc ttggtcttgt      780

agaagtccgg ttcttccagg ctggactttt gaggcacagt ctcggagttg aaattcaggg      840

cctgcatcag ttcatcaatc acggcgagca tattctggtc caggaagatc tgccgcttcg      900

ggtccatgag cagcttggcg ttcatggtct tgaactcgac ctgatacatc ttcagatctt      960

cgtagatcga ggaaagacag agcgccatca tgaatgaggt ctttctcgac gccaggcagc     1020

tgccgttagt gataaagctt gtctcgcggg agttcagaca cgattcgttc ttggtcagtt     1080

ccagcggcag gcaggcttcc acggtcgagg tcttgtcctt ggtgatgtcc tcgtgatcaa     1140

tttcttccga ggtgcagggg tagaactcaa gggtctggcg ggccttctgc aacatgttcg     1200

acacagccct caggaggttt tgggagtggt gtaggcacgg gaacattcca gggtcggggg     1260

ttgccacagg gaggttccgg gaacctcctc cggagcctcc tcctgaacct ccgcctgatc     1320

cgccaccgga acaaggcacg ctggcccatt cgctccagga ggacgagtag tatctatcct     1380

gcgcccggac gctgattgac gcgttcttcc gacaaatcac agtggcggag gttttgtcgg     1440

tgaacacccg gtctttcttc tcccgtttgg actttccctg cacttgcaca cagaaagtga     1500

gcgagaagta tgagtgcggg gtgctccaag tgtctggata ttcccaagac acttccactt     1560

ggcgggagtt cttgagtggc ttcagctgca agttcttggg ggggtcaggc ttgatgatgt     1620

cgcggataaa gaaggaggaa gtgtagttct cgtatttcag cttatgcacg gcatcgacca     1680

tgacctcgat aggcagggac tcttccgcgg cagggcaggc gctgtcctcc tggcattcca     1740

cggagtactc atattccttg ttgtctcccc tgactctctc ggcggacaga gtggcggctc     1800

cacaggtcac gccctgagga tcgcttgatc cccgtgacga cttcacggag aaagtcaggt     1860
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cggtggagat tgtcgtcagc caccaacagg tgaaccgacc gctgtagttc ttggcttcgc     1920

agcggaggaa ggtcttgttc ttcggttctt tttggtcctt gaggatgtca gtggaccaga     1980

ttccatcctc tttcttgtgc agcagcagca gggagtggga cagcacttcg ccacccttgt     2040

ggcaagtgta ctggcccgcg tcgccgaact ccttgacttg aatggtcagg gtctttccgc     2100

ttccgagcac ctcggagctc tgatccaggg tccaggttat gccgtcctct tctggcgtat     2160

cgcaagtcag cacgaccatt tctccagggg cgtccgggta ccaatccagc tcgaccacgt     2220

agacgtcctt cttcagttcc caaatggcga ccagagggga agcgaggaac acaagggaga     2280

accaggagat gacgagttgc tgatggcaca tggtggcggc accggtttaa gcgggtcgct     2340

gcagggtcgc tcggtgttcg aggccacacg cgtcacctta atatgcgaaa ctagttatcc     2400

actccgtgta agggagagtg agcctcttac gaatgcgcga catcggctac gccgttccga     2460

ggcgactgat acgcgcgaca tcggctacgc cgtacgaagg cagtccgatt gcgcgacatc     2520

ggctacgccg acctttactg agacgggagc gcgacatcgg ctacgccgaa ggcgttgcga     2580

atcctcatgc gattgttacg aaacccgtta attaaagagc gagattccgt ctcaaagaaa     2640

aaaaaagtaa tgaaatgaat aaaatgagtc ctagagccag taaatgtcgt aaatgtctca     2700

gctagtcagg tagtaaaagg tctcaactag gcagtggcag agcaggattc aaattcaggg     2760

ctgttgtgat gcctccgcag actctgagcg ccacctggtg gtaatttgtc tgtgcctctt     2820

ctgacgtgga agaacagcaa ctaacacact aacacggcat ttactatggg ccagccattg     2880

t                                                                     2881

<210> 145
<211> 704
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 145
Met Ser Arg Pro Gly Glu Arg Pro Phe Gln Cys Arg Ile Cys Met Arg 
1               5                   10                  15      
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Asn Phe Ser Arg Arg His Gly Leu Asp Arg His Thr Arg Thr His Thr 
            20                  25                  30          

Gly Glu Lys Pro Phe Gln Cys Arg Ile Cys Met Arg Asn Phe Ser Asp 
        35                  40                  45              

His Ser Ser Leu Lys Arg His Leu Arg Thr His Thr Gly Ser Gln Lys 
    50                  55                  60                  

Pro Phe Gln Cys Arg Ile Cys Met Arg Asn Phe Ser Val Arg His Asn 
65                  70                  75                  80  

Leu Thr Arg His Leu Arg Thr His Thr Gly Glu Lys Pro Phe Gln Cys 
                85                  90                  95      

Arg Ile Cys Met Arg Asn Phe Ser Asp His Ser Asn Leu Ser Arg His 
            100                 105                 110         

Leu Lys Thr His Thr Gly Ser Gln Lys Pro Phe Gln Cys Arg Ile Cys 
        115                 120                 125             

Met Arg Asn Phe Ser Gln Arg Ser Ser Leu Val Arg His Leu Arg Thr 
    130                 135                 140                 

His Thr Gly Glu Lys Pro Phe Gln Cys Arg Ile Cys Met Arg Asn Phe 
145                 150                 155                 160 

Ser Glu Ser Gly His Leu Lys Arg His Leu Arg Thr His Leu Arg Gly 
                165                 170                 175     

Ser Thr Cys Arg Asp Tyr Lys Asp His Asp Gly Asp Tyr Lys Asp His 
            180                 185                 190         

Asp Ile Asp Tyr Lys Asp Asp Asp Asp Lys Met Ala Pro Lys Lys Lys 
        195                 200                 205             

85

kyk
Red Vertical Line



Arg Lys Val Gly Ile His Gly Val Pro Gly Gly Leu Glu Gly Gly Gly 
    210                 215                 220                 

Gly Ser Gly Gly Thr Glu Asp Val Val Cys Cys His Ser Ile Tyr Gly 
225                 230                 235                 240 

Lys Lys Lys Gly Asp Ile Asp Thr Tyr Arg Tyr Ile Gly Ser Ser Gly 
                245                 250                 255     

Thr Gly Cys Val Val Ile Val Gly Arg Ile Val Leu Ser Gly Ser Gly 
            260                 265                 270         

Thr Ser Ala Pro Ile Thr Ala Tyr Ala Gln Gln Thr Arg Gly Leu Leu 
        275                 280                 285             

Gly Cys Ile Ile Thr Ser Leu Thr Gly Arg Asp Lys Asn Gln Val Glu 
    290                 295                 300                 

Gly Glu Val Gln Ile Val Ser Thr Ala Thr Gln Thr Phe Leu Ala Thr 
305                 310                 315                 320 

Cys Ile Asn Gly Val Cys Trp Ala Val Tyr His Gly Ala Gly Thr Arg 
                325                 330                 335     

Thr Ile Ala Ser Pro Lys Gly Pro Val Ile Gln Met Tyr Thr Asn Val 
            340                 345                 350         

Asp Gln Asp Leu Val Gly Trp Pro Ala Pro Gln Gly Ser Arg Ser Leu 
        355                 360                 365             

Thr Pro Cys Thr Cys Gly Ser Ser Asp Leu Tyr Leu Val Thr Arg His 
    370                 375                 380                 

Ala Asp Val Ile Pro Val Arg Arg Arg Gly Asp Ser Arg Gly Ser Leu 
385                 390                 395                 400 

Leu Ser Pro Arg Pro Ile Ser Tyr Leu Lys Gly Ser Ser Gly Gly Pro 
                405                 410                 415     
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Leu Leu Cys Pro Ala Gly His Ala Val Gly Leu Phe Arg Ala Ala Val 
            420                 425                 430         

Cys Thr Arg Gly Val Ala Lys Ala Val Asp Phe Ile Pro Val Glu Asn 
        435                 440                 445             

Leu Glu Thr Thr Met Arg Ser Pro Val Phe Thr Asp Asn Ser Ser Pro 
    450                 455                 460                 

Pro Ala Val Thr Leu Thr His Pro Ile Thr Lys Ile Asp Arg Glu Val 
465                 470                 475                 480 

Leu Tyr Gln Glu Phe Asp Glu Met Glu Glu Cys Ser Gln His Tyr Pro 
                485                 490                 495     

Tyr Asp Val Pro Asp Tyr Ala Gly Gly Gly Gly Ser Gly Gly Thr Asp 
            500                 505                 510         

Glu Phe Pro Thr Met Val Phe Pro Ser Gly Gln Ile Ser Gln Ala Ser 
        515                 520                 525             

Ala Leu Ala Pro Ala Pro Pro Gln Val Leu Pro Gln Ala Pro Ala Pro 
    530                 535                 540                 

Ala Pro Ala Pro Ala Met Val Ser Ala Leu Ala Gln Ala Pro Ala Pro 
545                 550                 555                 560 

Val Pro Val Leu Ala Pro Gly Pro Pro Gln Ala Val Ala Pro Pro Ala 
                565                 570                 575     

Pro Lys Pro Thr Gln Ala Gly Glu Gly Thr Leu Ser Glu Ala Leu Leu 
            580                 585                 590         

Gln Leu Gln Phe Asp Asp Glu Asp Leu Gly Ala Leu Leu Gly Asn Ser 
        595                 600                 605             
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Thr Asp Pro Ala Val Phe Thr Asp Leu Ala Ser Val Asp Asn Ser Glu 
    610                 615                 620                 

Phe Gln Gln Leu Leu Asn Gln Gly Ile Pro Val Ala Pro His Thr Thr 
625                 630                 635                 640 

Glu Pro Met Leu Met Glu Tyr Pro Glu Ala Ile Thr Arg Leu Val Thr 
                645                 650                 655     

Gly Ala Gln Arg Pro Pro Asp Pro Ala Pro Ala Pro Leu Gly Ala Pro 
            660                 665                 670         

Gly Leu Pro Asn Gly Leu Leu Ser Gly Asp Glu Asp Phe Ser Ser Ile 
        675                 680                 685             

Ala Asp Met Asp Phe Ser Ala Leu Leu Ser Gln Ile Ser Ser Gln Leu 
    690                 695                 700                 

<210> 146
<211> 5006
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 146
tccccagcat gcctgctatt ctcttcccaa tcctccccct tgctgtcctg ccccacccca       60

ccccccagaa tagaatgaca cctactcaga caatgcgatg caatttcctc attttattag      120

gaaaggacag tgggagtggc accttccagg gtcaaggaag gcacggggga ggggcaaaca      180

acagatggct ggcaactaga aggcacagtt aactggcgtt caggtaggac atcacgcggt      240

caatggtcac ggctcgaatg cggaaagcgt gcaacaggat gcacagcttg atcttggtct      300

tgtagaagtc cggttcttcc aggctggact tttgaggcac agtctcggag ttgaaattca      360

gggcctgcat cagttcatca atcacggcga gcatattctg gtccaggaag atctgccgct      420

tcgggtccat gagcagcttg gcgttcatgg tcttgaactc gacctgatac atcttcagat      480
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cttcgtagat cgaggaaaga cagagcgcca tcatgaatga ggtctttctc gacgccaggc      540

agctgccgtt agtgataaag cttgtctcgc gggagttcag acacgattcg ttcttggtca      600

gttccagcgg caggcaggct tccacggtcg aggtcttgtc cttggtgatg tcctcgtgat      660

caatttcttc cgaggtgcag gggtagaact caagggtctg gcgggccttc tgcaacatgt      720

tcgacacagc cctcaggagg ttttgggagt ggtgtaggca cgggaacatt ccagggtcgg      780

gggttgccac agggaggttc cgggaacctc ctccggagcc tcctcctgaa cctccgcctg      840

atccgccacc ggaacaaggc acgctggccc attcgctcca ggaggacgag tagtatctat      900

cctgcgcccg gacgctgatt gacgcgttct tccgacaaat cacagtggcg gaggttttgt      960

cggtgaacac ccggtctttc ttctcccgtt tggactttcc ctgcacttgc acacagaaag     1020

tgagcgagaa gtatgagtgc ggggtgctcc aagtgtctgg atattcccaa gacacttcca     1080

cttggcggga gttcttgagt ggcttcagct gcaagttctt gggggggtca ggcttgatga     1140

tgtcgcggat aaagaaggag gaagtgtagt tctcgtattt cagcttatgc acggcatcga     1200

ccatgacctc gataggcagg gactcttccg cggcagggca ggcgctgtcc tcctggcatt     1260

ccacggagta ctcatattcc ttgttgtctc ccctgactct ctcggcggac agagtggcgg     1320

ctccacaggt cacgccctga ggatcgcttg atccccgtga cgacttcacg gagaaagtca     1380

ggtcggtgga gattgtcgtc agccaccaac aggtgaaccg accgctgtag ttcttggctt     1440

cgcagcggag gaaggtcttg ttcttcggtt ctttttggtc cttgaggatg tcagtggacc     1500

agattccatc ctctttcttg tgcagcagca gcagggagtg ggacagcact tcgccaccct     1560

tgtggcaagt gtactggccc gcgtcgccga actccttgac ttgaatggtc agggtctttc     1620

cgcttccgag cacctcggag ctctgatcca gggtccaggt tatgccgtcc tcttctggcg     1680

tatcgcaagt cagcacgacc atttctccag gggcgtccgg gtaccaatcc agctcgacca     1740

cgtagacgtc cttcttcagt tcccaaatgg cgaccagagg ggaagcgagg aacacaaggg     1800

agaaccagga gatgacgagt tgctgatggc acatcatggt ggcgacaccg gtacgcgttg     1860

gcccccatta tataccctct agaactagtt atccactccg tgtaagggag agtgagcctc     1920

ttacgaatgc gcgacatcgg ctacgccgtt ccgaggcgac tgatacgcgc gacatcggct     1980
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acgccgtacg aaggcagtcc gattgcgcga catcggctac gccgaccttt actgagacgg     2040

gagcgcgaca tcggctacgc cgaaggcgtt gcgaatcctc atgcgattgt tacgaaaccc     2100

gttaattaaa gagcgagatt ccgtctcaaa gaaaaaaaaa gtaatgaaat gaataaaatg     2160

agtcctagag ccagtaaatg tcgtaaatgt ctcagctagt caggtagtaa aaggtctcaa     2220

ctaggcagtg gcagagcagg attcaaattc agggctgttg tgatgcctcc gcagactctg     2280

agcgccacct ggtggtaatt tgtctgtgcc tcttctgacg tggaagaaca gcaactaaca     2340

cactaacacg gcatttacta tgggccagcc attgtccatc tagatggccg ataaaataaa     2400

agattttatt tagtctccag aaaaaggggg gaatgaaaga ccccacctgt aggtttggca     2460

agctagctgc agtaacgcca ttttgcaagg catggaaaaa taccaaacca agaatagaga     2520

agttcagatc aagggcgggt acatgaaaat agctaacgtt gggccaaaca ggatatctgc     2580

ggtgagcagt ttcggccccg gcccggggcc aagaacagat ggtcaccgca gtttcggccc     2640

cggcccgagg ccaagaacag atggtcccca gatatggccc aaccctcagc agtttcttaa     2700

gacccatcag atgtttccag gctcccccaa ggacctgaaa tgaccctgcg ccttatttga     2760

attaaccaat cagcctgctt ctcgcttctg ttcgcgcgct tctgcttccc gagctctata     2820

aaagagctca caacccctca ctcggcgcgc cagtcctccg acagactgag tcgcccgggg     2880

gatccgccac catgagtaga cctggcgaaa gaccatttca gtgcagaatt tgtatgcgga     2940

acttcagcag aaggcacggc ctggacagac acaccagaac acacacaggc gagaagcctt     3000

tccagtgtag aatctgtatg cgcaatttca gcgaccacag cagcctgaag cggcacctga     3060

gaacccatac cggcagccag aaaccatttc aatgccgcat ctgtatgaga aacttctccg     3120

tgcggcacaa cctgaccaga cacctgagga cacacaccgg ggagaaaccc ttccagtgcc     3180

ggatatgcat gaggaatttc tccgaccact ccaacctgag ccgccacctg aaaactcaca     3240

ccggctctca aaagccattt cagtgtcgta tatgtatgcg gaatttttcc cagcggagca     3300

gcctcgtgcg ccatctgagg actcatactg gcgaaaagcc cttccaatgt cgcatatgca     3360

tgcgcaactt tagcgagtcc ggccacctga agagacatct gcggacacac ctgagaggca     3420

gcacctgtag agactacaag gaccacgacg gcgattataa ggatcacgac atcgactaca     3480
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aagacgacga tgacaagatg gcccctaaga agaagcggaa agtcggcatc catggcgtgc     3540

caggtggact tgaaggtggc ggaggatctg gcggcacaga ggatgttgtg tgctgccaca     3600

gcatctacgg caagaagaag ggcgacatcg atacctatcg gtacatcggc agcagcggca     3660

caggctgcgt tgtgatcgtg ggaagaatcg tgctgagcgg ctctggcaca agcgccccta     3720

ttacagccta cgctcagcag acaagaggcc tgctgggctg catcatcaca agcctgaccg     3780

gcagagacaa gaaccaggtg gaaggcgagg tgcagatcgt gtctacagct acccagacct     3840

tcctggccac ctgtatcaat ggcgtgtgct gggccgtgta tcacggcgct ggaaccagaa     3900

caatcgcctc tcctaaggga cccgtgatcc agatgtacac caacgtggac caggacctcg     3960

ttggctggcc tgctcctcag ggaagtagaa gcctgacacc ttgcacctgt ggctccagcg     4020

atctgtacct ggtcaccaga cacgccgacg tgatccctgt cagaagaaga ggagattcca     4080

gaggcagcct gctgagccct agacctatca gctacctgaa gggcagctct ggcggacctc     4140

tgctttgtcc tgctggacat gccgtgggcc tgtttagagc cgccgtgtgt acaagaggcg     4200

tggcaaaggc cgtggacttc atccccgtgg aaaacctgga aaccaccatg cggagccccg     4260

tgttcaccga caattctagc cctccagccg tgacactgac acaccccatc accaagatcg     4320

acagagaggt gctgtaccaa gagttcgacg agatggaaga gtgcagccag cactacccct     4380

acgacgtgcc agattatgct ggcggaggtg gcagcggagg caccgatgaa tttccaacca     4440

tggtgttccc cagcggccag atctctcagg catctgctct tgctccagct ccacctcagg     4500

ttctgcctca agctcctgct ccggctcctg caccagctat ggtgtctgca cttgctcagg     4560

caccagctcc agtgcctgtt cttgctcctg gacctcctca ggctgttgct ccaccagcac     4620

ctaaacctac acaggccggc gagggaacac tgtctgaagc cctgctgcaa ctccagttcg     4680

atgacgaaga tctgggcgcc ctgctgggaa actctacaga tcctgccgtg tttaccgatc     4740

tggccagcgt ggacaacagc gagtttcagc agctcctgaa ccagggcatc ccagtggctc     4800

ctcacaccac agagcctatg ctgatggaat accccgaggc catcaccaga ctggtcaccg     4860

gcgcacaaag accacctgat cctgctccag caccgcttgg agcacctgga ctgcctaatg     4920

gactgctgtc tggcgacgag gacttcagtt ctatcgctga tatggatttc tctgcccttc     4980
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tgtctcagat tagtagccag ctgtaa                                          5006

<210> 147
<211> 1042
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 147
Met Ser Arg Pro Gly Glu Arg Pro Phe Gln Cys Arg Ile Cys Met Arg 
1               5                   10                  15      

Asn Phe Ser Arg Arg His Gly Leu Asp Arg His Thr Arg Thr His Thr 
            20                  25                  30          

Gly Glu Lys Pro Phe Gln Cys Arg Ile Cys Met Arg Asn Phe Ser Asp 
        35                  40                  45              

His Ser Ser Leu Lys Arg His Leu Arg Thr His Thr Gly Ser Gln Lys 
    50                  55                  60                  

Pro Phe Gln Cys Arg Ile Cys Met Arg Asn Phe Ser Val Arg His Asn 
65                  70                  75                  80  

Leu Thr Arg His Leu Arg Thr His Thr Gly Glu Lys Pro Phe Gln Cys 
                85                  90                  95      

Arg Ile Cys Met Arg Asn Phe Ser Asp His Ser Asn Leu Ser Arg His 
            100                 105                 110         

Leu Lys Thr His Thr Gly Ser Gln Lys Pro Phe Gln Cys Arg Ile Cys 
        115                 120                 125             

Met Arg Asn Phe Ser Gln Arg Ser Ser Leu Val Arg His Leu Arg Thr 
    130                 135                 140                 

His Thr Gly Glu Lys Pro Phe Gln Cys Arg Ile Cys Met Arg Asn Phe 
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145                 150                 155                 160 

Ser Glu Ser Gly His Leu Lys Arg His Leu Arg Thr His Leu Arg Gly 
                165                 170                 175     

Ser Thr Cys Arg Asp Tyr Lys Asp His Asp Gly Asp Tyr Lys Asp His 
            180                 185                 190         

Asp Ile Asp Tyr Lys Asp Asp Asp Asp Lys Met Ala Pro Lys Lys Lys 
        195                 200                 205             

Arg Lys Val Gly Ile His Gly Val Pro Gly Gly Leu Glu Gly Gly Gly 
    210                 215                 220                 

Gly Ser Gly Gly Thr Glu Asp Val Val Cys Cys His Ser Ile Tyr Gly 
225                 230                 235                 240 

Lys Lys Lys Gly Asp Ile Asp Thr Tyr Arg Tyr Ile Gly Ser Ser Gly 
                245                 250                 255     

Thr Gly Cys Val Val Ile Val Gly Arg Ile Val Leu Ser Gly Ser Gly 
            260                 265                 270         

Thr Ser Ala Pro Ile Thr Ala Tyr Ala Gln Gln Thr Arg Gly Leu Leu 
        275                 280                 285             

Gly Cys Ile Ile Thr Ser Leu Thr Gly Arg Asp Lys Asn Gln Val Glu 
    290                 295                 300                 

Gly Glu Val Gln Ile Val Ser Thr Ala Thr Gln Thr Phe Leu Ala Thr 
305                 310                 315                 320 

Cys Ile Asn Gly Val Cys Trp Ala Val Tyr His Gly Ala Gly Thr Arg 
                325                 330                 335     

Thr Ile Ala Ser Pro Lys Gly Pro Val Ile Gln Met Tyr Thr Asn Val 
            340                 345                 350         
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Asp Gln Asp Leu Val Gly Trp Pro Ala Pro Gln Gly Ser Arg Ser Leu 
        355                 360                 365             

Thr Pro Cys Thr Cys Gly Ser Ser Asp Leu Tyr Leu Val Thr Arg His 
    370                 375                 380                 

Ala Asp Val Ile Pro Val Arg Arg Arg Gly Asp Ser Arg Gly Ser Leu 
385                 390                 395                 400 

Leu Ser Pro Arg Pro Ile Ser Tyr Leu Lys Gly Ser Ser Gly Gly Pro 
                405                 410                 415     

Leu Leu Cys Pro Ala Gly His Ala Val Gly Leu Phe Arg Ala Ala Val 
            420                 425                 430         

Cys Thr Arg Gly Val Ala Lys Ala Val Asp Phe Ile Pro Val Glu Asn 
        435                 440                 445             

Leu Glu Thr Thr Met Arg Ser Pro Val Phe Thr Asp Asn Ser Ser Pro 
    450                 455                 460                 

Pro Ala Val Thr Leu Thr His Pro Ile Thr Lys Ile Asp Arg Glu Val 
465                 470                 475                 480 

Leu Tyr Gln Glu Phe Asp Glu Met Glu Glu Cys Ser Gln His Tyr Pro 
                485                 490                 495     

Tyr Asp Val Pro Asp Tyr Ala Gly Gly Gly Gly Ser Gly Gly Thr Glu 
            500                 505                 510         

Ala Ser Gly Ser Gly Arg Ala Asp Ala Leu Asp Asp Phe Asp Leu Asp 
        515                 520                 525             

Met Leu Gly Ser Asp Ala Leu Asp Asp Phe Asp Leu Asp Met Leu Gly 
    530                 535                 540                 

Ser Asp Ala Leu Asp Asp Phe Asp Leu Asp Met Leu Gly Ser Asp Ala 
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545                 550                 555                 560 

Leu Asp Asp Phe Asp Leu Asp Met Leu Ile Asn Ser Arg Ser Ser Gly 
                565                 570                 575     

Ser Pro Lys Lys Lys Arg Lys Val Gly Ser Gln Tyr Leu Pro Asp Thr 
            580                 585                 590         

Asp Asp Arg His Arg Ile Glu Glu Lys Arg Lys Arg Thr Tyr Glu Thr 
        595                 600                 605             

Phe Lys Ser Ile Met Lys Lys Ser Pro Phe Ser Gly Pro Thr Asp Pro 
    610                 615                 620                 

Arg Pro Pro Pro Arg Arg Ile Ala Val Pro Ser Arg Ser Ser Ala Ser 
625                 630                 635                 640 

Val Pro Lys Pro Ala Pro Gln Pro Tyr Pro Phe Thr Ser Ser Leu Ser 
                645                 650                 655     

Thr Ile Asn Tyr Asp Glu Phe Pro Thr Met Val Phe Pro Ser Gly Gln 
            660                 665                 670         

Ile Ser Gln Ala Ser Ala Leu Ala Pro Ala Pro Pro Gln Val Leu Pro 
        675                 680                 685             

Gln Ala Pro Ala Pro Ala Pro Ala Pro Ala Met Val Ser Ala Leu Ala 
    690                 695                 700                 

Gln Ala Pro Ala Pro Val Pro Val Leu Ala Pro Gly Pro Pro Gln Ala 
705                 710                 715                 720 

Val Ala Pro Pro Ala Pro Lys Pro Thr Gln Ala Gly Glu Gly Thr Leu 
                725                 730                 735     

Ser Glu Ala Leu Leu Gln Leu Gln Phe Asp Asp Glu Asp Leu Gly Ala 
            740                 745                 750         
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Leu Leu Gly Asn Ser Thr Asp Pro Ala Val Phe Thr Asp Leu Ala Ser 
        755                 760                 765             

Val Asp Asn Ser Glu Phe Gln Gln Leu Leu Asn Gln Gly Ile Pro Val 
    770                 775                 780                 

Ala Pro His Thr Thr Glu Pro Met Leu Met Glu Tyr Pro Glu Ala Ile 
785                 790                 795                 800 

Thr Arg Leu Val Thr Gly Ala Gln Arg Pro Pro Asp Pro Ala Pro Ala 
                805                 810                 815     

Pro Leu Gly Ala Pro Gly Leu Pro Asn Gly Leu Leu Ser Gly Asp Glu 
            820                 825                 830         

Asp Phe Ser Ser Ile Ala Asp Met Asp Phe Ser Ala Leu Leu Gly Ser 
        835                 840                 845             

Gly Ser Gly Ser Arg Asp Ser Arg Glu Gly Met Phe Leu Pro Lys Pro 
    850                 855                 860                 

Glu Ala Gly Ser Ala Ile Ser Asp Val Phe Glu Gly Arg Glu Val Cys 
865                 870                 875                 880 

Gln Pro Lys Arg Ile Arg Pro Phe His Pro Pro Gly Ser Pro Trp Ala 
                885                 890                 895     

Asn Arg Pro Leu Pro Ala Ser Leu Ala Pro Thr Pro Thr Gly Pro Val 
            900                 905                 910         

His Glu Pro Val Gly Ser Leu Thr Pro Ala Pro Val Pro Gln Pro Leu 
        915                 920                 925             

Asp Pro Ala Pro Ala Val Thr Pro Glu Ala Ser His Leu Leu Glu Asp 
    930                 935                 940                 

Pro Asp Glu Glu Thr Ser Gln Ala Val Lys Ala Leu Arg Glu Met Ala 
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945                 950                 955                 960 

Asp Thr Val Ile Pro Gln Lys Glu Glu Ala Ala Ile Cys Gly Gln Met 
                965                 970                 975     

Asp Leu Ser His Pro Pro Pro Arg Gly His Leu Asp Glu Leu Thr Thr 
            980                 985                 990         

Thr Leu Glu Ser Met Thr Glu Asp  Leu Asn Leu Asp Ser  Pro Leu Thr 
        995                 1000                 1005             

Pro Glu  Leu Asn Glu Ile Leu  Asp Thr Phe Leu Asn  Asp Glu Cys 
    1010                 1015                 1020             

Leu Leu  His Ala Met His Ile  Ser Thr Gly Leu Ser  Ile Phe Asp 
    1025                 1030                 1035             

Thr Ser  Leu Phe 
    1040         

<210> 148
<211> 6020
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 148
tccccagcat gcctgctatt ctcttcccaa tcctccccct tgctgtcctg ccccacccca       60

ccccccagaa tagaatgaca cctactcaga caatgcgatg caatttcctc attttattag      120

gaaaggacag tgggagtggc accttccagg gtcaaggaag gcacggggga ggggcaaaca      180

acagatggct ggcaactaga aggcacagtt aactggcgtt caggtaggac atcacgcggt      240

caatggtcac ggctcgaatg cggaaagcgt gcaacaggat gcacagcttg atcttggtct      300

tgtagaagtc cggttcttcc aggctggact tttgaggcac agtctcggag ttgaaattca      360

gggcctgcat cagttcatca atcacggcga gcatattctg gtccaggaag atctgccgct      420
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tcgggtccat gagcagcttg gcgttcatgg tcttgaactc gacctgatac atcttcagat      480

cttcgtagat cgaggaaaga cagagcgcca tcatgaatga ggtctttctc gacgccaggc      540

agctgccgtt agtgataaag cttgtctcgc gggagttcag acacgattcg ttcttggtca      600

gttccagcgg caggcaggct tccacggtcg aggtcttgtc cttggtgatg tcctcgtgat      660

caatttcttc cgaggtgcag gggtagaact caagggtctg gcgggccttc tgcaacatgt      720

tcgacacagc cctcaggagg ttttgggagt ggtgtaggca cgggaacatt ccagggtcgg      780

gggttgccac agggaggttc cgggaacctc ctccggagcc tcctcctgaa cctccgcctg      840

atccgccacc ggaacaaggc acgctggccc attcgctcca ggaggacgag tagtatctat      900

cctgcgcccg gacgctgatt gacgcgttct tccgacaaat cacagtggcg gaggttttgt      960

cggtgaacac ccggtctttc ttctcccgtt tggactttcc ctgcacttgc acacagaaag     1020

tgagcgagaa gtatgagtgc ggggtgctcc aagtgtctgg atattcccaa gacacttcca     1080

cttggcggga gttcttgagt ggcttcagct gcaagttctt gggggggtca ggcttgatga     1140

tgtcgcggat aaagaaggag gaagtgtagt tctcgtattt cagcttatgc acggcatcga     1200

ccatgacctc gataggcagg gactcttccg cggcagggca ggcgctgtcc tcctggcatt     1260

ccacggagta ctcatattcc ttgttgtctc ccctgactct ctcggcggac agagtggcgg     1320

ctccacaggt cacgccctga ggatcgcttg atccccgtga cgacttcacg gagaaagtca     1380

ggtcggtgga gattgtcgtc agccaccaac aggtgaaccg accgctgtag ttcttggctt     1440

cgcagcggag gaaggtcttg ttcttcggtt ctttttggtc cttgaggatg tcagtggacc     1500

agattccatc ctctttcttg tgcagcagca gcagggagtg ggacagcact tcgccaccct     1560

tgtggcaagt gtactggccc gcgtcgccga actccttgac ttgaatggtc agggtctttc     1620

cgcttccgag cacctcggag ctctgatcca gggtccaggt tatgccgtcc tcttctggcg     1680

tatcgcaagt cagcacgacc atttctccag gggcgtccgg gtaccaatcc agctcgacca     1740

cgtagacgtc cttcttcagt tcccaaatgg cgaccagagg ggaagcgagg aacacaaggg     1800

agaaccagga gatgacgagt tgctgatggc acatcatggt ggcgacaccg gtacgcgttg     1860

gcccccatta tataccctct agaactagtt atccactccg tgtaagggag agtgagcctc     1920
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ttacgaatgc gcgacatcgg ctacgccgtt ccgaggcgac tgatacgcgc gacatcggct     1980

acgccgtacg aaggcagtcc gattgcgcga catcggctac gccgaccttt actgagacgg     2040

gagcgcgaca tcggctacgc cgaaggcgtt gcgaatcctc atgcgattgt tacgaaaccc     2100

gttaattaaa gagcgagatt ccgtctcaaa gaaaaaaaaa gtaatgaaat gaataaaatg     2160

agtcctagag ccagtaaatg tcgtaaatgt ctcagctagt caggtagtaa aaggtctcaa     2220

ctaggcagtg gcagagcagg attcaaattc agggctgttg tgatgcctcc gcagactctg     2280

agcgccacct ggtggtaatt tgtctgtgcc tcttctgacg tggaagaaca gcaactaaca     2340

cactaacacg gcatttacta tgggccagcc attgtccatc tagatggccg ataaaataaa     2400

agattttatt tagtctccag aaaaaggggg gaatgaaaga ccccacctgt aggtttggca     2460

agctagctgc agtaacgcca ttttgcaagg catggaaaaa taccaaacca agaatagaga     2520

agttcagatc aagggcgggt acatgaaaat agctaacgtt gggccaaaca ggatatctgc     2580

ggtgagcagt ttcggccccg gcccggggcc aagaacagat ggtcaccgca gtttcggccc     2640

cggcccgagg ccaagaacag atggtcccca gatatggccc aaccctcagc agtttcttaa     2700

gacccatcag atgtttccag gctcccccaa ggacctgaaa tgaccctgcg ccttatttga     2760

attaaccaat cagcctgctt ctcgcttctg ttcgcgcgct tctgcttccc gagctctata     2820

aaagagctca caacccctca ctcggcgcgc cagtcctccg acagactgag tcgcccgggg     2880

gatccgccac catgagtaga cctggcgaaa gaccatttca gtgcagaatt tgtatgcgga     2940

acttcagcag aaggcacggc ctggacagac acaccagaac acacacaggc gagaagcctt     3000

tccagtgtag aatctgtatg cgcaatttca gcgaccacag cagcctgaag cggcacctga     3060

gaacccatac cggcagccag aaaccatttc aatgccgcat ctgtatgaga aacttctccg     3120

tgcggcacaa cctgaccaga cacctgagga cacacaccgg ggagaaaccc ttccagtgcc     3180

ggatatgcat gaggaatttc tccgaccact ccaacctgag ccgccacctg aaaactcaca     3240

ccggctctca aaagccattt cagtgtcgta tatgtatgcg gaatttttcc cagcggagca     3300

gcctcgtgcg ccatctgagg actcatactg gcgaaaagcc cttccaatgt cgcatatgca     3360

tgcgcaactt tagcgagtcc ggccacctga agagacatct gcggacacac ctgagaggca     3420
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gcacctgtag agactacaag gaccacgacg gcgattataa ggatcacgac atcgactaca     3480

aagacgacga tgacaagatg gcccctaaga agaagcggaa agtcggcatc catggcgtgc     3540

caggtggact tgaaggtggc ggaggatctg gcggcacaga ggatgttgtg tgctgccaca     3600

gcatctacgg caagaagaag ggcgacatcg atacctatcg gtacatcggc agcagcggca     3660

caggctgcgt tgtgatcgtg ggaagaatcg tgctgagcgg ctctggcaca agcgccccta     3720

ttacagccta cgctcagcag acaagaggcc tgctgggctg catcatcaca agcctgaccg     3780

gcagagacaa gaaccaggtg gaaggcgagg tgcagatcgt gtctacagct acccagacct     3840

tcctggccac ctgtatcaat ggcgtgtgct gggccgtgta tcacggcgct ggaaccagaa     3900

caatcgcctc tcctaaggga cccgtgatcc agatgtacac caacgtggac caggacctcg     3960

ttggctggcc tgctcctcag ggaagtagaa gcctgacacc ttgcacctgt ggctccagcg     4020

atctgtacct ggtcaccaga cacgccgacg tgatccctgt cagaagaaga ggagattcca     4080

gaggcagcct gctgagccct agacctatca gctacctgaa gggcagctct ggcggacctc     4140

tgctttgtcc tgctggacat gccgtgggcc tgtttagagc cgccgtgtgt acaagaggcg     4200

tggcaaaggc cgtggacttc atccccgtgg aaaacctgga aaccaccatg cggagccccg     4260

tgttcaccga caattctagc cctccagccg tgacactgac acaccccatc accaagatcg     4320

acagagaggt gctgtaccaa gagttcgacg agatggaaga gtgcagccag cactacccct     4380

acgacgtgcc agattatgct ggcggaggtg gcagcggagg caccgaagcc tctggaagcg     4440

gcagagctga cgccctggat gacttcgacc tggatatgct gggcagcgac gctctggacg     4500

attttgacct cgacatgctg ggatctgatg cactcgacga tttcgatttg gacatgctcg     4560

gcagtgatgc cttggacgac tttgatcttg atatgctcat caacagccgg tccagcggca     4620

gccccaagaa aaaaagaaaa gtgggctccc agtacctgcc tgacaccgac gacagacacc     4680

ggatcgagga aaagcggaag cggacctacg agacattcaa gagcatcatg aagaagtccc     4740

cattcagcgg ccccaccgat cctagacctc cacctagaag aatcgccgtg cctagcagat     4800

ctagcgcctc cgtgcctaaa cctgctcctc agccttatcc tttcaccagc agcctgagca     4860

ccatcaacta cgacgagttc cctaccatgg tgttccccag cggccagatc tctcaggctt     4920
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ctgctcttgc tccagctcct cctcaggttc tgcctcaagc tcctgcacca gcaccggctc     4980

cagctatggt ttctgctttg gctcaggccc ctgctcctgt gcctgttctt gctcctggac     5040

cacctcaggc tgttgctcct cctgctccaa aacctacaca ggccggcgaa ggcacactgt     5100

ctgaagctct gctgcagctc cagttcgatg acgaagatct gggcgccctg ctgggcaatt     5160

ctacagatcc tgccgtgttt accgatctgg ccagcgtgga caacagcgag tttcagcagc     5220

tcctgaatca gggcatccct gtggctcctc acaccaccga acctatgctg atggaatacc     5280

ccgaggccat caccagactg gtcaccggtg ctcaaagacc acctgatcca gctccagcac     5340

cactgggagc acctggactg cctaatggac tgctgtctgg cgacgaggac ttcagctcta     5400

tcgccgacat ggatttctct gccctgctcg gctctggcag cggctctaga gatagcagag     5460

aaggcatgtt cctgcctaag cctgaggccg gctctgccat ctccgatgtg ttcgagggaa     5520

gagaagtgtg ccagcctaag cggatccggc cttttcaccc tcctggaagc ccttgggcca     5580

acagacctct gcctgcttct ctggccccta caccaacagg acctgtgcac gaacctgtgg     5640

gcagtctgac cccagctcct gttcctcaac ctctggatcc cgctcctgct gtgacacctg     5700

aagcctctca tctgctggaa gatcccgacg aagagacaag ccaggccgtg aaggccctga     5760

gagaaatggc cgacacagtg atccctcaga aagaggaagc cgccatctgc ggacagatgg     5820

acctgtctca tcctccacca agaggccacc tggacgagct gacaaccaca ctggaatcca     5880

tgaccgagga cctgaacctg gacagccctc tgacacccga gctgaacgag atcctggaca     5940

ccttcctgaa cgacgagtgt ctgctgcacg ccatgcacat ctctaccggc ctgagcatct     6000

tcgacaccag cctgttttga                                                 6020

<210> 149
<211> 6497
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 149
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tccccagcat gcctgctatt ctcttcccaa tcctccccct tgctgtcctg ccccacccca       60

ccccccagaa tagaatgaca cctactcaga caatgcgatg caatttcctc attttattag      120

gaaaggacag tgggagtggc accttccagg gtcaaggaag gcacggggga ggggcaaaca      180

acagatggct ggcaactaga aggcacagtt agctggtgtt gatgaacatc tgcacgatgt      240

gcacgaagct ctgcaggaac tctttgatat tcttttcttc cagttcctcg cattctttgc      300

agccggactc ggtcacattg ccgttggagg acaggctgtt gttggccagg atgatcaggt      360

tttccacggt atcgtggatg gaggcgtcgc cgctttccag gctgatcact tgcagctcga      420

gcagaaagca cttcatggcg gtcactttac agctagggtg cacgtcgctc tcggtgtaca      480

gtgtggcgtc gatgtgcatg ctctggatca gatcctcgat cttcttcaga tcgctgatca      540

cgttgaccca gttgcctgta gagccgggca cccaaagaag cagcacccac agcagcagtg      600

tgtcggtttc cataggtcca gggttttcct ccacgtctcc acacgtcagt agactcccgc      660

gtccctcgcc agatcctctc ttccgtctac tggcgttcag gtaggacatc acgcggtcaa      720

tggtcacggc tcgaatgcgg aaagcgtgca acaggatgca cagcttgatc ttggtcttgt      780

agaagtccgg ttcttccagg ctggactttt gaggcacagt ctcggagttg aaattcaggg      840

cctgcatcag ttcatcaatc acggcgagca tattctggtc caggaagatc tgccgcttcg      900

ggtccatgag cagcttggcg ttcatggtct tgaactcgac ctgatacatc ttcagatctt      960

cgtagatcga ggaaagacag agcgccatca tgaatgaggt ctttctcgac gccaggcagc     1020

tgccgttagt gataaagctt gtctcgcggg agttcagaca cgattcgttc ttggtcagtt     1080

ccagcggcag gcaggcttcc acggtcgagg tcttgtcctt ggtgatgtcc tcgtgatcaa     1140

tttcttccga ggtgcagggg tagaactcaa gggtctggcg ggccttctgc aacatgttcg     1200

acacagccct caggaggttt tgggagtggt gtaggcacgg gaacattcca gggtcggggg     1260

ttgccacagg gaggttccgg gaacctcctc cggagcctcc tcctgaacct ccgcctgatc     1320

cgccaccgga acaaggcacg ctggcccatt cgctccagga ggacgagtag tatctatcct     1380

gcgcccggac gctgattgac gcgttcttcc gacaaatcac agtggcggag gttttgtcgg     1440

tgaacacccg gtctttcttc tcccgtttgg actttccctg cacttgcaca cagaaagtga     1500
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gcgagaagta tgagtgcggg gtgctccaag tgtctggata ttcccaagac acttccactt     1560

ggcgggagtt cttgagtggc ttcagctgca agttcttggg ggggtcaggc ttgatgatgt     1620

cgcggataaa gaaggaggaa gtgtagttct cgtatttcag cttatgcacg gcatcgacca     1680

tgacctcgat aggcagggac tcttccgcgg cagggcaggc gctgtcctcc tggcattcca     1740

cggagtactc atattccttg ttgtctcccc tgactctctc ggcggacaga gtggcggctc     1800

cacaggtcac gccctgagga tcgcttgatc cccgtgacga cttcacggag aaagtcaggt     1860

cggtggagat tgtcgtcagc caccaacagg tgaaccgacc gctgtagttc ttggcttcgc     1920

agcggaggaa ggtcttgttc ttcggttctt tttggtcctt gaggatgtca gtggaccaga     1980

ttccatcctc tttcttgtgc agcagcagca gggagtggga cagcacttcg ccacccttgt     2040

ggcaagtgta ctggcccgcg tcgccgaact ccttgacttg aatggtcagg gtctttccgc     2100

ttccgagcac ctcggagctc tgatccaggg tccaggttat gccgtcctct tctggcgtat     2160

cgcaagtcag cacgaccatt tctccagggg cgtccgggta ccaatccagc tcgaccacgt     2220

agacgtcctt cttcagttcc caaatggcga ccagagggga agcgaggaac acaagggaga     2280

accaggagat gacgagttgc tgatggcaca tcatggtggc gacaccggta cgcgttggcc     2340

cccattatat accctctaga actagttatc cactccgtgt aagggagagt gagcctctta     2400

cgaatgcgcg acatcggcta cgccgttccg aggcgactga tacgcgcgac atcggctacg     2460

ccgtacgaag gcagtccgat tgcgcgacat cggctacgcc gacctttact gagacgggag     2520

cgcgacatcg gctacgccga aggcgttgcg aatcctcatg cgattgttac gaaacccgtt     2580

aattaaagag cgagattccg tctcaaagaa aaaaaaagta atgaaatgaa taaaatgagt     2640

cctagagcca gtaaatgtcg taaatgtctc agctagtcag gtagtaaaag gtctcaacta     2700

ggcagtggca gagcaggatt caaattcagg gctgttgtga tgcctccgca gactctgagc     2760

gccacctggt ggtaatttgt ctgtgcctct tctgacgtgg aagaacagca actaacacac     2820

taacacggca tttactatgg gccagccatt gtccatctag atggccgata aaataaaaga     2880

ttttatttag tctccagaaa aaggggggaa tgaaagaccc cacctgtagg tttggcaagc     2940

tagctgcagt aacgccattt tgcaaggcat ggaaaaatac caaaccaaga atagagaagt     3000
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tcagatcaag ggcgggtaca tgaaaatagc taacgttggg ccaaacagga tatctgcggt     3060

gagcagtttc ggccccggcc cggggccaag aacagatggt caccgcagtt tcggccccgg     3120

cccgaggcca agaacagatg gtccccagat atggcccaac cctcagcagt ttcttaagac     3180

ccatcagatg tttccaggct cccccaagga cctgaaatga ccctgcgcct tatttgaatt     3240

aaccaatcag cctgcttctc gcttctgttc gcgcgcttct gcttcccgag ctctataaaa     3300

gagctcacaa cccctcactc ggcgcgccag tcctccgaca gactgagtcg cccgggggat     3360

ccgccaccat gagtagacct ggcgaaagac catttcagtg cagaatttgt atgcggaact     3420

tcagcagaag gcacggcctg gacagacaca ccagaacaca cacaggcgag aagcctttcc     3480

agtgtagaat ctgtatgcgc aatttcagcg accacagcag cctgaagcgg cacctgagaa     3540

cccataccgg cagccagaaa ccatttcaat gccgcatctg tatgagaaac ttctccgtgc     3600

ggcacaacct gaccagacac ctgaggacac acaccgggga gaaacccttc cagtgccgga     3660

tatgcatgag gaatttctcc gaccactcca acctgagccg ccacctgaaa actcacaccg     3720

gctctcaaaa gccatttcag tgtcgtatat gtatgcggaa tttttcccag cggagcagcc     3780

tcgtgcgcca tctgaggact catactggcg aaaagccctt ccaatgtcgc atatgcatgc     3840

gcaactttag cgagtccggc cacctgaaga gacatctgcg gacacacctg agaggcagca     3900

cctgtagaga ctacaaggac cacgacggcg attataagga tcacgacatc gactacaaag     3960

acgacgatga caagatggcc cctaagaaga agcggaaagt cggcatccat ggcgtgccag     4020

gtggacttga aggtggcgga ggatctggcg gcacagagga tgttgtgtgc tgccacagca     4080

tctacggcaa gaagaagggc gacatcgata cctatcggta catcggcagc agcggcacag     4140

gctgcgttgt gatcgtggga agaatcgtgc tgagcggctc tggcacaagc gcccctatta     4200

cagcctacgc tcagcagaca agaggcctgc tgggctgcat catcacaagc ctgaccggca     4260

gagacaagaa ccaggtggaa ggcgaggtgc agatcgtgtc tacagctacc cagaccttcc     4320

tggccacctg tatcaatggc gtgtgctggg ccgtgtatca cggcgctgga accagaacaa     4380

tcgcctctcc taagggaccc gtgatccaga tgtacaccaa cgtggaccag gacctcgttg     4440

gctggcctgc tcctcaggga agtagaagcc tgacaccttg cacctgtggc tccagcgatc     4500
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tgtacctggt caccagacac gccgacgtga tccctgtcag aagaagagga gattccagag     4560

gcagcctgct gagccctaga cctatcagct acctgaaggg cagctctggc ggacctctgc     4620

tttgtcctgc tggacatgcc gtgggcctgt ttagagccgc cgtgtgtaca agaggcgtgg     4680

caaaggccgt ggacttcatc cccgtggaaa acctggaaac caccatgcgg agccccgtgt     4740

tcaccgacaa ttctagccct ccagccgtga cactgacaca ccccatcacc aagatcgaca     4800

gagaggtgct gtaccaagag ttcgacgaga tggaagagtg cagccagcac tacccctacg     4860

acgtgccaga ttatgctggc ggaggtggca gcggaggcac cgaagcctct ggaagcggca     4920

gagctgacgc cctggatgac ttcgacctgg atatgctggg cagcgacgct ctggacgatt     4980

ttgacctcga catgctggga tctgatgcac tcgacgattt cgatttggac atgctcggca     5040

gtgatgcctt ggacgacttt gatcttgata tgctcatcaa cagccggtcc agcggcagcc     5100

ccaagaaaaa aagaaaagtg ggctcccagt acctgcctga caccgacgac agacaccgga     5160

tcgaggaaaa gcggaagcgg acctacgaga cattcaagag catcatgaag aagtccccat     5220

tcagcggccc caccgatcct agacctccac ctagaagaat cgccgtgcct agcagatcta     5280

gcgcctccgt gcctaaacct gctcctcagc cttatccttt caccagcagc ctgagcacca     5340

tcaactacga cgagttccct accatggtgt tccccagcgg ccagatctct caggcttctg     5400

ctcttgctcc agctcctcct caggttctgc ctcaagctcc tgcaccagca ccggctccag     5460

ctatggtttc tgctttggct caggcccctg ctcctgtgcc tgttcttgct cctggaccac     5520

ctcaggctgt tgctcctcct gctccaaaac ctacacaggc cggcgaaggc acactgtctg     5580

aagctctgct gcagctccag ttcgatgacg aagatctggg cgccctgctg ggcaattcta     5640

cagatcctgc cgtgtttacc gatctggcca gcgtggacaa cagcgagttt cagcagctcc     5700

tgaatcaggg catccctgtg gctcctcaca ccaccgaacc tatgctgatg gaataccccg     5760

aggccatcac cagactggtc accggtgctc aaagaccacc tgatccagct ccagcaccac     5820

tgggagcacc tggactgcct aatggactgc tgtctggcga cgaggacttc agctctatcg     5880

ccgacatgga tttctctgcc ctgctcggct ctggcagcgg ctctagagat agcagagaag     5940

gcatgttcct gcctaagcct gaggccggct ctgccatctc cgatgtgttc gagggaagag     6000
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aagtgtgcca gcctaagcgg atccggcctt ttcaccctcc tggaagccct tgggccaaca     6060

gacctctgcc tgcttctctg gcccctacac caacaggacc tgtgcacgaa cctgtgggca     6120

gtctgacccc agctcctgtt cctcaacctc tggatcccgc tcctgctgtg acacctgaag     6180

cctctcatct gctggaagat cccgacgaag agacaagcca ggccgtgaag gccctgagag     6240

aaatggccga cacagtgatc cctcagaaag aggaagccgc catctgcgga cagatggacc     6300

tgtctcatcc tccaccaaga ggccacctgg acgagctgac aaccacactg gaatccatga     6360

ccgaggacct gaacctggac agccctctga cacccgagct gaacgagatc ctggacacct     6420

tcctgaacga cgagtgtctg ctgcacgcca tgcacatctc taccggcctg agcatcttcg     6480

acaccagcct gttttga                                                    6497

<210> 150
<211> 3785
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 150
tccccagcat gcctgctatt ctcttcccaa tcctccccct tgctgtcctg ccccacccca       60

ccccccagaa tagaatgaca cctactcaga caatgcgatg caatttcctc attttattag      120

gaaaggacag tgggagtggc accttccagg gtcaaggaag gcacggggga ggggcaaaca      180

acagatggct ggcaactaga aggcacagtt agctggtgtt gatgaacatc tgcacgatgt      240

gcacgaagct ctgcaggaac tctttgatat tcttttcttc cagttcctcg cattctttgc      300

agccggactc ggtcacattg ccgttggagg acaggctgtt gttggccagg atgatcaggt      360

tttccacggt atcgtggatg gaggcgtcgc cgctttccag gctgatcact tgcagctcga      420

gcagaaagca cttcatggcg gtcactttac agctagggtg cacgtcgctc tcggtgtaca      480

gtgtggcgtc gatgtgcatg ctctggatca gatcctcgat cttcttcaga tcgctgatca      540

cgttgaccca gttgcctgta gagccgggca cccaaagaag cagcacccac agcagcagtg      600

tgtcggtttc catcatggtg gcgacaccgg tacgcgttgg cccccattat ataccctcta      660
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gaactagtta tccactccgt gtaagggaga gtgagcctct tacgaatgcg cgacatcggc      720

tacgccgttc cgaggcgact gatacgcgcg acatcggcta cgccgtacga aggcagtccg      780

attgcgcgac atcggctacg ccgaccttta ctgagacggg agcgcgacat cggctacgcc      840

gaaggcgttg cgaatcctca tgcgattgtt acgaaacccg ttaattaaag agcgagattc      900

cgtctcaaag aaaaaaaaag taatgaaatg aataaaatga gtcctagagc cagtaaatgt      960

cgtaaatgtc tcagctagtc aggtagtaaa aggtctcaac taggcagtgg cagagcagga     1020

ttcaaattca gggctgttgt gatgcctccg cagactctga gcgccacctg gtggtaattt     1080

gtctgtgcct cttctgacgt ggaagaacag caactaacac actaacacgg catttactat     1140

gggccagcca ttgtccatct agatggccga taaaataaaa gattttattt agtctccaga     1200

aaaagggggg aatgaaagac cccacctgta ggtttggcaa gctagctgca gtaacgccat     1260

tttgcaaggc atggaaaaat accaaaccaa gaatagagaa gttcagatca agggcgggta     1320

catgaaaata gctaacgttg ggccaaacag gatatctgcg gtgagcagtt tcggccccgg     1380

cccggggcca agaacagatg gtcaccgcag tttcggcccc ggcccgaggc caagaacaga     1440

tggtccccag atatggccca accctcagca gtttcttaag acccatcaga tgtttccagg     1500

ctcccccaag gacctgaaat gaccctgcgc cttatttgaa ttaaccaatc agcctgcttc     1560

tcgcttctgt tcgcgcgctt ctgcttcccg agctctataa aagagctcac aacccctcac     1620

tcggcgcgcc agtcctccga cagactgagt cgcccggggg atccgccacc atgagtagac     1680

ctggcgaaag accatttcag tgcagaattt gtatgcggaa cttcagcaga aggcacggcc     1740

tggacagaca caccagaaca cacacaggcg agaagccttt ccagtgtaga atctgtatgc     1800

gcaatttcag cgaccacagc agcctgaagc ggcacctgag aacccatacc ggcagccaga     1860

aaccatttca atgccgcatc tgtatgagaa acttctccgt gcggcacaac ctgaccagac     1920

acctgaggac acacaccggg gagaaaccct tccagtgccg gatatgcatg aggaatttct     1980

ccgaccactc caacctgagc cgccacctga aaactcacac cggctctcaa aagccatttc     2040

agtgtcgtat atgtatgcgg aatttttccc agcggagcag cctcgtgcgc catctgagga     2100

ctcatactgg cgaaaagccc ttccaatgtc gcatatgcat gcgcaacttt agcgagtccg     2160
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gccacctgaa gagacatctg cggacacacc tgagaggcag cacctgtaga gactacaagg     2220

accacgacgg cgattataag gatcacgaca tcgactacaa agacgacgat gacaagatgg     2280

cccctaagaa gaagcggaaa gtcggcatcc atggcgtgcc aggtggactt gaaggtggcg     2340

gaggatctgg cggcacagag gatgttgtgt gctgccacag catctacggc aagaagaagg     2400

gcgacatcga tacctatcgg tacatcggca gcagcggcac aggctgcgtt gtgatcgtgg     2460

gaagaatcgt gctgagcggc tctggcacaa gcgcccctat tacagcctac gctcagcaga     2520

caagaggcct gctgggctgc atcatcacaa gcctgaccgg cagagacaag aaccaggtgg     2580

aaggcgaggt gcagatcgtg tctacagcta cccagacctt cctggccacc tgtatcaatg     2640

gcgtgtgctg ggccgtgtat cacggcgctg gaaccagaac aatcgcctct cctaagggac     2700

ccgtgatcca gatgtacacc aacgtggacc aggacctcgt tggctggcct gctcctcagg     2760

gaagtagaag cctgacacct tgcacctgtg gctccagcga tctgtacctg gtcaccagac     2820

acgccgacgt gatccctgtc agaagaagag gagattccag aggcagcctg ctgagcccta     2880

gacctatcag ctacctgaag ggcagctctg gcggacctct gctttgtcct gctggacatg     2940

ccgtgggcct gtttagagcc gccgtgtgta caagaggcgt ggcaaaggcc gtggacttca     3000

tccccgtgga aaacctggaa accaccatgc ggagccccgt gttcaccgac aattctagcc     3060

ctccagccgt gacactgaca caccccatca ccaagatcga cagagaggtg ctgtaccaag     3120

agttcgacga gatggaagag tgcagccagc actaccccta cgacgtgcca gattatgctg     3180

gcggaggtgg cagcggaggc accgatgaat ttccaaccat ggtgttcccc agcggccaga     3240

tctctcaggc atctgctctt gctccagctc cacctcaggt tctgcctcaa gctcctgctc     3300

cggctcctgc accagctatg gtgtctgcac ttgctcaggc accagctcca gtgcctgttc     3360

ttgctcctgg acctcctcag gctgttgctc caccagcacc taaacctaca caggccggcg     3420

agggaacact gtctgaagcc ctgctgcaac tccagttcga tgacgaagat ctgggcgccc     3480

tgctgggaaa ctctacagat cctgccgtgt ttaccgatct ggccagcgtg gacaacagcg     3540

agtttcagca gctcctgaac cagggcatcc cagtggctcc tcacaccaca gagcctatgc     3600

tgatggaata ccccgaggcc atcaccagac tggtcaccgg cgcacaaaga ccacctgatc     3660
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ctgctccagc accgcttgga gcacctggac tgcctaatgg actgctgtct ggcgacgagg     3720

acttcagttc tatcgctgat atggatttct ctgcccttct gtctcagatt agtagccagc     3780

tgtaa                                                                 3785

<210> 151
<211> 4799
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 151
tccccagcat gcctgctatt ctcttcccaa tcctccccct tgctgtcctg ccccacccca       60

ccccccagaa tagaatgaca cctactcaga caatgcgatg caatttcctc attttattag      120

gaaaggacag tgggagtggc accttccagg gtcaaggaag gcacggggga ggggcaaaca      180

acagatggct ggcaactaga aggcacagtt agctggtgtt gatgaacatc tgcacgatgt      240

gcacgaagct ctgcaggaac tctttgatat tcttttcttc cagttcctcg cattctttgc      300

agccggactc ggtcacattg ccgttggagg acaggctgtt gttggccagg atgatcaggt      360

tttccacggt atcgtggatg gaggcgtcgc cgctttccag gctgatcact tgcagctcga      420

gcagaaagca cttcatggcg gtcactttac agctagggtg cacgtcgctc tcggtgtaca      480

gtgtggcgtc gatgtgcatg ctctggatca gatcctcgat cttcttcaga tcgctgatca      540

cgttgaccca gttgcctgta gagccgggca cccaaagaag cagcacccac agcagcagtg      600

tgtcggtttc catcatggtg gcgacaccgg tacgcgttgg cccccattat ataccctcta      660

gaactagtta tccactccgt gtaagggaga gtgagcctct tacgaatgcg cgacatcggc      720

tacgccgttc cgaggcgact gatacgcgcg acatcggcta cgccgtacga aggcagtccg      780

attgcgcgac atcggctacg ccgaccttta ctgagacggg agcgcgacat cggctacgcc      840

gaaggcgttg cgaatcctca tgcgattgtt acgaaacccg ttaattaaag agcgagattc      900

cgtctcaaag aaaaaaaaag taatgaaatg aataaaatga gtcctagagc cagtaaatgt      960
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cgtaaatgtc tcagctagtc aggtagtaaa aggtctcaac taggcagtgg cagagcagga     1020

ttcaaattca gggctgttgt gatgcctccg cagactctga gcgccacctg gtggtaattt     1080

gtctgtgcct cttctgacgt ggaagaacag caactaacac actaacacgg catttactat     1140

gggccagcca ttgtccatct agatggccga taaaataaaa gattttattt agtctccaga     1200

aaaagggggg aatgaaagac cccacctgta ggtttggcaa gctagctgca gtaacgccat     1260

tttgcaaggc atggaaaaat accaaaccaa gaatagagaa gttcagatca agggcgggta     1320

catgaaaata gctaacgttg ggccaaacag gatatctgcg gtgagcagtt tcggccccgg     1380

cccggggcca agaacagatg gtcaccgcag tttcggcccc ggcccgaggc caagaacaga     1440

tggtccccag atatggccca accctcagca gtttcttaag acccatcaga tgtttccagg     1500

ctcccccaag gacctgaaat gaccctgcgc cttatttgaa ttaaccaatc agcctgcttc     1560

tcgcttctgt tcgcgcgctt ctgcttcccg agctctataa aagagctcac aacccctcac     1620

tcggcgcgcc agtcctccga cagactgagt cgcccggggg atccgccacc atgagtagac     1680

ctggcgaaag accatttcag tgcagaattt gtatgcggaa cttcagcaga aggcacggcc     1740

tggacagaca caccagaaca cacacaggcg agaagccttt ccagtgtaga atctgtatgc     1800

gcaatttcag cgaccacagc agcctgaagc ggcacctgag aacccatacc ggcagccaga     1860

aaccatttca atgccgcatc tgtatgagaa acttctccgt gcggcacaac ctgaccagac     1920

acctgaggac acacaccggg gagaaaccct tccagtgccg gatatgcatg aggaatttct     1980

ccgaccactc caacctgagc cgccacctga aaactcacac cggctctcaa aagccatttc     2040

agtgtcgtat atgtatgcgg aatttttccc agcggagcag cctcgtgcgc catctgagga     2100

ctcatactgg cgaaaagccc ttccaatgtc gcatatgcat gcgcaacttt agcgagtccg     2160

gccacctgaa gagacatctg cggacacacc tgagaggcag cacctgtaga gactacaagg     2220

accacgacgg cgattataag gatcacgaca tcgactacaa agacgacgat gacaagatgg     2280

cccctaagaa gaagcggaaa gtcggcatcc atggcgtgcc aggtggactt gaaggtggcg     2340

gaggatctgg cggcacagag gatgttgtgt gctgccacag catctacggc aagaagaagg     2400

gcgacatcga tacctatcgg tacatcggca gcagcggcac aggctgcgtt gtgatcgtgg     2460
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gaagaatcgt gctgagcggc tctggcacaa gcgcccctat tacagcctac gctcagcaga     2520

caagaggcct gctgggctgc atcatcacaa gcctgaccgg cagagacaag aaccaggtgg     2580

aaggcgaggt gcagatcgtg tctacagcta cccagacctt cctggccacc tgtatcaatg     2640

gcgtgtgctg ggccgtgtat cacggcgctg gaaccagaac aatcgcctct cctaagggac     2700

ccgtgatcca gatgtacacc aacgtggacc aggacctcgt tggctggcct gctcctcagg     2760

gaagtagaag cctgacacct tgcacctgtg gctccagcga tctgtacctg gtcaccagac     2820

acgccgacgt gatccctgtc agaagaagag gagattccag aggcagcctg ctgagcccta     2880

gacctatcag ctacctgaag ggcagctctg gcggacctct gctttgtcct gctggacatg     2940

ccgtgggcct gtttagagcc gccgtgtgta caagaggcgt ggcaaaggcc gtggacttca     3000

tccccgtgga aaacctggaa accaccatgc ggagccccgt gttcaccgac aattctagcc     3060

ctccagccgt gacactgaca caccccatca ccaagatcga cagagaggtg ctgtaccaag     3120

agttcgacga gatggaagag tgcagccagc actaccccta cgacgtgcca gattatgctg     3180

gcggaggtgg cagcggaggc accgaagcct ctggaagcgg cagagctgac gccctggatg     3240

acttcgacct ggatatgctg ggcagcgacg ctctggacga ttttgacctc gacatgctgg     3300

gatctgatgc actcgacgat ttcgatttgg acatgctcgg cagtgatgcc ttggacgact     3360

ttgatcttga tatgctcatc aacagccggt ccagcggcag ccccaagaaa aaaagaaaag     3420

tgggctccca gtacctgcct gacaccgacg acagacaccg gatcgaggaa aagcggaagc     3480

ggacctacga gacattcaag agcatcatga agaagtcccc attcagcggc cccaccgatc     3540

ctagacctcc acctagaaga atcgccgtgc ctagcagatc tagcgcctcc gtgcctaaac     3600

ctgctcctca gccttatcct ttcaccagca gcctgagcac catcaactac gacgagttcc     3660

ctaccatggt gttccccagc ggccagatct ctcaggcttc tgctcttgct ccagctcctc     3720

ctcaggttct gcctcaagct cctgcaccag caccggctcc agctatggtt tctgctttgg     3780

ctcaggcccc tgctcctgtg cctgttcttg ctcctggacc acctcaggct gttgctcctc     3840

ctgctccaaa acctacacag gccggcgaag gcacactgtc tgaagctctg ctgcagctcc     3900

agttcgatga cgaagatctg ggcgccctgc tgggcaattc tacagatcct gccgtgttta     3960
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ccgatctggc cagcgtggac aacagcgagt ttcagcagct cctgaatcag ggcatccctg     4020

tggctcctca caccaccgaa cctatgctga tggaataccc cgaggccatc accagactgg     4080

tcaccggtgc tcaaagacca cctgatccag ctccagcacc actgggagca cctggactgc     4140

ctaatggact gctgtctggc gacgaggact tcagctctat cgccgacatg gatttctctg     4200

ccctgctcgg ctctggcagc ggctctagag atagcagaga aggcatgttc ctgcctaagc     4260

ctgaggccgg ctctgccatc tccgatgtgt tcgagggaag agaagtgtgc cagcctaagc     4320

ggatccggcc ttttcaccct cctggaagcc cttgggccaa cagacctctg cctgcttctc     4380

tggcccctac accaacagga cctgtgcacg aacctgtggg cagtctgacc ccagctcctg     4440

ttcctcaacc tctggatccc gctcctgctg tgacacctga agcctctcat ctgctggaag     4500

atcccgacga agagacaagc caggccgtga aggccctgag agaaatggcc gacacagtga     4560

tccctcagaa agaggaagcc gccatctgcg gacagatgga cctgtctcat cctccaccaa     4620

gaggccacct ggacgagctg acaaccacac tggaatccat gaccgaggac ctgaacctgg     4680

acagccctct gacacccgag ctgaacgaga tcctggacac cttcctgaac gacgagtgtc     4740

tgctgcacgc catgcacatc tctaccggcc tgagcatctt cgacaccagc ctgttttga      4799

<210> 152
<211> 66
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      oligonucleotide

<400> 152
gggactttcc actggggact ttccactggg gactttccac tggggacttt ccactgggga       60

ctttcc                                                                  66

<210> 153
<211> 51
<212> DNA
<213> Artificial Sequence

<220>
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<223> Description of Artificial Sequence: Synthetic
      oligonucleotide

<400> 153
agacgctagc ggggggctat aaaagggggt gggggcgttc gtcctcactc t                51

<210> 154
<211> 140
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 154
gggactttcc actggggact ttccactggg gactttccac tggggacttt ccactgggga       60

ctttccactc ctgcaggagc tggcgcgcca gacgctagcg gggggctata aaagggggtg      120

ggggcgttcg tcctcactct                                                  140

<210> 155
<211> 25
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      oligonucleotide

<400> 155
tctagagggt atataatggg ggcca                                             25

<210> 156
<211> 2085
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 156
ggacagaatt ccaaaggcat ggtcgcactt ggcttctgtc ctctgttatt ctccagcatc       60

aaatgtatca actctaaccc ctttgggggg aatacaaggc ctgtcctggt ttggtcccaa      120
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tttagcttta tcatccatat tcacccccac tgctctgcag ctccactgaa gcaccccctc      180

tttcctctga acccacaatg tcacactcag gactctgcct cagctgggca ctcatctata      240

gatgcctaaa tcccgggcag ttatccagac acaactaaag ttccatccct tccatgaagc      300

cttccccaac cctctggtgg aaggtcactt cttcccctcg tgggattctg agctttcatt      360

tctttttcta ctaggagtcc tagcactttc ggctaaatgc tacaattacc tgttcataca      420

ctctacctgc ccccacgaga tcaggggcat ctcagaaaca aagatcatta aaaccaacta      480

aatctatttc tcattataaa atgaggtatg ctgattgatt gtgaaagaat aaaataacaa      540

agtatggaaa agaaaaaaaa gcatataatc tggctgagaa ggtagagacc cttccacacc      600

actgaaatta tgtattgaaa agaataagta aaaaactgct tcaatttggc atgatttatg      660

taagtatagt ataggatcct taaaatggtt caaagaaatg ggaaatcaag acttcatttt      720

ggccaaaacc attgaacaga aacttcagca tatttatcaa taatttcttt cagattaaac      780

aactgacaac aacctatttt tcaaccagtg atgttggaaa tgttttttta aaaattagtt      840

tataaatttg tgggctgacc aagaaggtaa taaagtctaa ctaagtaaaa tgagaaaaat      900

tcagaaaaag aaaaaaataa gaaaataaat cacccaggga cctatcacac aaatataaga      960

actattcatt ctttaaggca tgtatttcca agcctttgta tttttttcca tgcttagggt     1020

tggcaaggaa tatatatata tttgtacaaa tatatatgtg tatatgtaca aatacatgta     1080

tatatagtac aaatatatat atatatttgt acaattcttc agactttgta gaatttgtat     1140

aatgtcgtat cttgcttttt ttaaccactg atgttataag catatttatg ccacttcatt     1200

cattttagag acttaataat aaatgatcta gtggataatt tatcattccc tgatggagaa     1260

aaatttagct ttgtttattt tagagttata aacgatgctg ggtcaggtat ctttatgttt     1320

gaagatggct ccatatttgg gttgtttcca cagaactctt tcctagaaat gctttttcta     1380

ggttaatggc tacagatatt tctaggcacc tgacatattg acacccacct ctaaagtatt     1440

tttatgatcc acaactagcg tttaacacag cgccctagtc actacatgac taataaatag     1500

acaaatgact gaaacatgac ctcatgcttt ctattcctcc agctttcatt cagttctttg     1560

cctctgggag gaggaagggt tgtgcagccc tccacagcat cagcccatca accctatccc     1620
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tgtggttata gcagctgagg aagcagaatt gcagctctgt gggaaggaat ggggctggag     1680

agttcatgca cagaccagtt cttatgagaa gggactgact aagaatagcc ttgggttgac     1740

atatacccct cttcacactc acaggagaaa ccatttccct atgaaactat aacaagtcat     1800

gagttgagag ctgagagtta gagaatagct caaagatgct attcttggat atcctgagcc     1860

cctgtggtca ccagggaccc tgagttgtgc aacttagcat gacagcatca ctacgcttaa     1920

aaatttccct cctcaccccc agattccatt tccccatccg ccagggctgc ctataaagag     1980

gagagctggt ttcagacttc agaaggacac gggcagcaga cagtggtcag tcctttcttg     2040

gctctgctga cactcgagcc cacattccgt cacctgctca gaatc                     2085

<210> 157
<211> 2076
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 157
ttaagtcttc aacccattgt gagttgattt ttacagatgg tgtaaggaag gggtccagtt       60

tcaatctttt gcatacagct agccagttat cccagtacca tttattgact gggaagtcct      120

ttccctgttg cttgtttttg ttaactttgt caaagttcgg atggttgcag gtatgcagca      180

ttatttctga gctctctatt ttgttctatt ggtctatgag tctgtttttg taccaaagcc      240

atgctgtttt ggttactgca gccctgtggt atagtttgaa gtcatggctc ccttttttta      300

ctcttctttt ttctttctca gagaagagca ggtaacaatg tggggttaaa ggtgagcagg      360

tgggttagag tagtggagct aaaggcagat agaggtcttg atccaattat cctcattccc      420

ttcatttgtc caaccttgca cattcctgta tgcagggcct ttgtaagctt caccttctgt      480

acaggtgccc agcaactgtc aaaccagcca gggcttaaca tgagcatggg cattccctat      540

ggactggctg ggacacaccc acatccttag attacacatt ttgcctgtaa catagataaa      600

ctaattacta ggtatataat tctgtttcgt tttgttttgc tttgttttgt ttttgggaca      660
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gggtctcatt ctgtcaaaca agcgggagtg cagtggcaca atcaccactc actgcagcct      720

ggacttttct gggctcaggt gatcttccca cctcagccta ctgagcagct gggactacag      780

gtgtgtatca ccactcccag ccaaaatatt tttttataga gacagtgttt caccatgttg      840

cccagtctgg tatcgaactt ctgggctcaa gctatctgcc tgccttgacc tcccaaagtg      900

ctgggattac aggtgtgagg ccctgtaccc agctcaatcc tgtttttata ctagaagaac      960

attctctatc tgggtcttcc aaacttgatt cttactggtt aatttgtcct gttcttttgc     1020

tggtccaaga aaatatcctg aaatctttat ttcttctccg tttcctcctt gtcctaggac     1080

agactagccc tatccccttc ctgaattaag tccgaatata gtcagtcttt gagtgtggaa     1140

tagctcctag cagtctatca gtcaacgggt tctctttgtg gtcacattct atgtttattc     1200

aggagactac agcatggaaa gaaaatggac tttggagtca ggtgaatctt gattcaaatc     1260

ttggcagtgc cattcatcag ctctgtggca ttgagcgcat cagtggacca ctctctgatc     1320

cccaattgcc ttgtctgtaa aatgagatta gacacccctg ctcaagatta tggtaggatt     1380

atatataatg tgtgtaacac agcttttcca gtgcctggta caaggtaagt gtccaataag     1440

aagttacaaa tgttcctgag ccaccctact gggtccctcc tcacatccaa tgctggactc     1500

ttcatgccca aggaaacata taaggcacaa aagtcagtgg cactcagctc agcagaagaa     1560

ggcacaggaa ggggatgggg gagtcctggc tcccactttg ttcttggggt caggcttgtg     1620

gccagcctgg aaagactgac atgaaccctc cagcatctga gggtgccaac caccaagagc     1680

agcacagttc ttgtctacaa gccacttgta gcaggtgtga acatttcatc ttttcctctg     1740

gggtttgcaa ctctctcccc agtctcggtc actgcctttg gctgtaccac ttcccttttc     1800

ttctcgcctg cacctccctc atctttcctc tatgatgaca tcgccctggg gaagagaagc     1860

tgagaggaac tcctcactca gctagcttca ggagcatgac gtcatctcta ccatggaaat     1920

tccactcact ctcctgtgcc cccacatttg tcctaggcct cagagtccct ataaagagag     1980

attcccaagt cagtatcagc acaggacaca gctgggttct gaagcttctg agttctgcag     2040

cctcacctct gagaaaacct cttttccacc aatacc                               2076

<210> 158
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<211> 2071
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 158
gggatttggt atataatact gtgcatacat aaataacaac aacaaaattg gtccactgcc       60

cagagagctc tcgatccaca gagctgccag acatcatgag atttcaaaag atcttggctc      120

taaaatcaga ggatgtttgg atataaattc tagtacaacc cagtcatttg acagatgagt      180

aaaccaggga tcagaagagt ccaggcatgt aattgcccca aggtcactga gtaagtgagt      240

ggccgagtga ccactgaaat ttagtccatc tgagagctcg cccccctgcc ctgtgcggtg      300

tttttacaag agtgagcacg caggttccag ggtggtcaag aggtgtttac tttcattttg      360

tagtcggcct tcatacaagg tgggggctgg gaagggaaga gcagtccagg ccattacccc      420

catgaattca tttgacaaat atttattaag cgtctactgc aaacttggcc cggtgctgga      480

agctgaagac acaattccag aggcagacaa tgactgccct tggcatttcc agtggtcagg      540

ggttggtgag gaggggcaga gacaccaatc caagagtccc cgcagtttat acataccaca      600

ggcacggaaa gcgccaggag gggaaagaac aggatgttta ccagcacctt ccacaggcag      660

ccacggtcat gggggtcagg acagggtccc cagaggaagt gacgattcgg ctgagctaga      720

aagacatttc cacaggaact tacagtaagg gctgcaagga cagcctgtcc tcccccgccc      780

accacctcac taaactttca ctgtggcaat cggcattccc taagcctgcc aggaagcttc      840

cagtaaccac ttcctgactc ctagcatgac acacttcggg ccttccaagg ttgacgatct      900

aaggccctta cacagcgcca gacacgcgca ggcagggagg caggatgtgc ctctccagac      960

aggaatgtgg acgccacctg ggctcttccc ctcagcctcc acaggggaag aatattcttg     1020

tggggttttt cccttccaaa tgtctcaggg cgattccagt gttcccgcta gttcctccct     1080

cccaggctag aacacaaatc cttcccactc cctgcctggc aaacaccttc tgaccctcag     1140

gcccaaggca atggcccacc tcctcccagg ctggatgggg tctcctcctc tctgttcccc     1200

cagcccctga gcttcctgag gaccaagctt gtggcttctt ctccttactc ttcctccttg     1260
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gtgtctctat gttagagggc cgttagcatc tgctggggcc tggtcgcatt caccctgctc     1320

tgccactcac tggctgtgtg actctggaca aattaacttc tctggacctg cagtttctcc     1380

tctctacaat gagaatactg gagagtcctt atcttatggg ttgctacaga attaagtgac     1440

atctcacaca caacacactt cctacagtcc ctgttacacg ctaaaagtac tcaacatgca     1500

acggatacgt catcagtaac caccccacgg gtttactgtg atgctgcaca attattaagc     1560

cttggctgct acagagttgt aacctgtctg cacttccaac cggtttggga atgcaagcag     1620

cattcccaag tcccgctttc acccgcgcgc taacggctca ggttcgagta caggacagga     1680

gggaggggag ctgtgcacac ggcggaggcg cacggcgtgg gcacccagca cccggtacac     1740

tgtgtcctcc cgctgcaccc agccccttcc gcgccgaggc gtccccgagg cgcaagtggg     1800

ccgccttcag ggaactgacc gcccgcggcc cgtgtgcaga gccgggtgcg cccggcccag     1860

tgcgcgcggc cgggtgtttc gcctggagcc gcaagtgact cagcgcgggg cgtgtgcagg     1920

cagcgcccgg ccggggcggg gcttttgcac tcgtcccggc tctttctagc tataaacact     1980

gcttgccgcg ctgcactcca ccacgcctcc tccaagtccc agcgaacccg cgtgcaacct     2040

gtcccgactc tagccgcctc ttcagctcgc c                                    2071

<210> 159
<211> 10
<212> PRT
<213> Unknown

<220>
<223> Description of Unknown: 
      cleavage site sequence

<400> 159
Glu Asp Val Val Cys Cys His Ser Ile Tyr 
1               5                   10  

<210> 160
<211> 14
<212> PRT
<213> Unknown

<220>

118

kyk
Red Vertical Line



<223> Description of Unknown: 
      cleavage site sequence

<400> 160
Leu Tyr Gln Glu Phe Asp Glu Met Glu Glu Cys Ser Gln His 
1               5                   10                  

<210> 161
<211> 1884
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 161
cgggtttcgt aacaatcgca tgaggattcg caacgccttc ggcgtagccg atgtcgcgct       60

cccgtctcag taaaggtcgg cgtagccgat gtcgcgcaat cggactgcct tcgtacggcg      120

tagccgatgt cgcgcgtatc agtcgcctcg gaacggcgta gccgatgtcg cgcattcgta      180

agaggctcac tctcccttac acggagtgga taactagttc tagagggtat ataatggggg      240

ccaacgcgtg ccgccaccat gtgccatcag caactcgtca tctcctggtt ctcccttgtg      300

ttcctcgctt cccctctggt cgccatttgg gaactgaaga aggacgtcta cgtggtcgag      360

ctggattggt acccggacgc ccctggagaa atggtcgtgc tgacttgcga tacgccagaa      420

gaggacggca taacctggac cctggatcag agctccgagg tgctcggaag cggaaagacc      480

ctgaccattc aagtcaagga gttcggcgac gcgggccagt acacttgcca caagggtggc      540

gaagtgctgt cccactccct gctgctgctg cacaagaaag aggatggaat ctggtccact      600

gacatcctca aggaccaaaa agaaccgaag aacaagacct tcctccgctg cgaagccaag      660

aactacagcg gtcggttcac ctgttggtgg ctgacgacaa tctccaccga cctgactttc      720

tccgtgaagt cgtcacgggg atcaagcgat cctcagggcg tgacctgtgg agccgccact      780

ctgtccgccg agagagtcag gggagacaac aaggaatatg agtactccgt ggaatgccag      840

gaggacagcg cctgccctgc cgcggaagag tccctgccta tcgaggtcat ggtcgatgcc      900

gtgcataagc tgaaatacga gaactacact tcctccttct ttatccgcga catcatcaag      960
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cctgaccccc ccaagaactt gcagctgaag ccactcaaga actcccgcca agtggaagtg     1020

tcttgggaat atccagacac ttggagcacc ccgcactcat acttctcgct cactttctgt     1080

gtgcaagtgc agggaaagtc caaacgggag aagaaagacc gggtgttcac cgacaaaacc     1140

tccgccactg tgatttgtcg gaagaacgcg tcaatcagcg tccgggcgca ggatagatac     1200

tactcgtcct cctggagcga atgggccagc gtgccttgtt ccggtggcgg atcaggcgga     1260

ggttcaggag gaggctccgg aggaggttcc cggaacctcc ctgtggcaac ccccgaccct     1320

ggaatgttcc cgtgcctaca ccactcccaa aacctcctga gggctgtgtc gaacatgttg     1380

cagaaggccc gccagaccct tgagttctac ccctgcacct cggaagaaat tgatcacgag     1440

gacatcacca aggacaagac ctcgaccgtg gaagcctgcc tgccgctgga actgaccaag     1500

aacgaatcgt gtctgaactc ccgcgagaca agctttatca ctaacggcag ctgcctggcg     1560

tcgagaaaga cctcattcat gatggcgctc tgtctttcct cgatctacga agatctgaag     1620

atgtatcagg tcgagttcaa gaccatgaac gccaagctgc tcatggaccc gaagcggcag     1680

atcttcctgg accagaatat gctcgccgtg attgatgaac tgatgcaggc cctgaatttc     1740

aactccgaga ctgtgcctca aaagtccagc ctggaagaac cggacttcta caagaccaag     1800

atcaagctgt gcatcctgtt gcacgctttc cgcattcgag ccgtgaccat tgaccgcgtg     1860

atgtcctacc tgaacgccag ttaa                                            1884

<210> 162
<211> 4
<212> PRT
<213> Unknown

<220>
<223> Description of Unknown: 
      hairy-related basic helix-loop-helix repressor domain motif

<400> 162
Trp Arg Pro Trp 
1               

<210> 163
<211> 6
<212> PRT
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<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<220>
<221> MOD_RES
<222> (4)..(5)
<223> Any amino acid

<400> 163
Asp Ser Gly Xaa Xaa Ser 
1               5       

<210> 164
<211> 8
<212> PRT
<213> Unknown

<220>
<223> Description of Unknown: 
      cleavage site sequence

<400> 164
Glu Pro Leu Phe Ala Glu Arg Lys 
1               5               

<210> 165
<211> 4
<212> PRT
<213> Unknown

<220>
<223> Description of Unknown: 
      cleavage site sequence

<400> 165
Tyr Val Ala Asp 
1               

<210> 166
<211> 5
<212> PRT
<213> Unknown
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<220>
<223> Description of Unknown: 
      cleavage site sequence

<400> 166
Val Asp Val Ala Asp 
1               5   

<210> 167
<211> 4
<212> PRT
<213> Unknown

<220>
<223> Description of Unknown: 
      cleavage site sequence

<400> 167
Asp Glu Val Asp 
1               

<210> 168
<211> 4
<212> PRT
<213> Unknown

<220>
<223> Description of Unknown: 
      cleavage site sequence

<400> 168
Val Glu His Asp 
1               

<210> 169
<211> 5
<212> PRT
<213> Unknown

<220>
<223> Description of Unknown: 
      cleavage site sequence

<220>
<221> MOD_RES
<222> (5)..(5)
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<223> Any amino acid

<400> 169
Leu Gly His Asp Xaa 
1               5   

<210> 170
<211> 5
<212> PRT
<213> Unknown

<220>
<223> Description of Unknown: 
      cleavage site sequence

<400> 170
Leu Gln Thr Asp Gly 
1               5   

<210> 171
<211> 4
<212> PRT
<213> Unknown

<220>
<223> Description of Unknown: 
      cleavage site sequence

<220>
<221> MOD_RES
<222> (1)..(1)
<223> Pyroglutamic acid

<220>
<221> MOD_RES
<222> (3)..(3)
<223> Any amino acid

<400> 171
Glu His Xaa Gly 
1               

<210> 172
<211> 8
<212> PRT
<213> Unknown
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<220>
<223> Description of Unknown: 
      cleavage site sequence

<400> 172
Glu Val Asn Leu Asp Ala Glu Phe 
1               5               

<210> 173
<211> 7
<212> PRT
<213> Unknown

<220>
<223> Description of Unknown: 
      cleavage site sequence

<400> 173
Pro Gln Gly Ile Ala Gly Gln 
1               5           

<210> 174
<211> 5
<212> PRT
<213> Unknown

<220>
<223> Description of Unknown: 
      cleavage site sequence

<220>
<221> MOD_RES
<222> (2)..(2)
<223> Gly or Ala

<400> 174
Gly Xaa Glu Leu Arg 
1               5   

<210> 175
<211> 7
<212> PRT
<213> Unknown

<220>
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<223> Description of Unknown: 
      cleavage site sequence

<400> 175
Glu Asn Leu Tyr Phe Gln Ser 
1               5           

<210> 176
<211> 7
<212> PRT
<213> Unknown

<220>
<223> Description of Unknown: 
      cleavage site sequence

<220>
<221> MOD_RES
<222> (1)..(1)
<223> Abz

<220>
<221> MOD_RES
<222> (7)..(7)
<223> Lys(Dnp)

<400> 176
Xaa His Pro Phe His Leu Lys 
1               5           

<210> 177
<211> 5483
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 177
tccccagcat gcctgctatt ctcttcccaa tcctccccct tgctgtcctg ccccacccca       60

ccccccagaa tagaatgaca cctactcaga caatgcgatg caatttcctc attttattag      120

gaaaggacag tgggagtggc accttccagg gtcaaggaag gcacggggga ggggcaaaca      180

acagatggct ggcaactaga aggcacagtt agctggtgtt gatgaacatc tgcacgatgt      240
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gcacgaagct ctgcaggaac tctttgatat tcttttcttc cagttcctcg cattctttgc      300

agccggactc ggtcacattg ccgttggagg acaggctgtt gttggccagg atgatcaggt      360

tttccacggt atcgtggatg gaggcgtcgc cgctttccag gctgatcact tgcagctcga      420

gcagaaagca cttcatggcg gtcactttac agctagggtg cacgtcgctc tcggtgtaca      480

gtgtggcgtc gatgtgcatg ctctggatca gatcctcgat cttcttcaga tcgctgatca      540

cgttgaccca gttgcctgta gagccgggca cccaaagaag cagcacccac agcagcagtg      600

tgtcggtttc cataggtcca gggttttcct ccacgtctcc acacgtcagt agactcccgc      660

gtccctcgcc agatcctctc ttccgtctac tggcgttcag gtaggacatc acgcggtcaa      720

tggtcacggc tcgaatgcgg aaagcgtgca acaggatgca cagcttgatc ttggtcttgt      780

agaagtccgg ttcttccagg ctggactttt gaggcacagt ctcggagttg aaattcaggg      840

cctgcatcag ttcatcaatc acggcgagca tattctggtc caggaagatc tgccgcttcg      900

ggtccatgag cagcttggcg ttcatggtct tgaactcgac ctgatacatc ttcagatctt      960

cgtagatcga ggaaagacag agcgccatca tgaatgaggt ctttctcgac gccaggcagc     1020

tgccgttagt gataaagctt gtctcgcggg agttcagaca cgattcgttc ttggtcagtt     1080

ccagcggcag gcaggcttcc acggtcgagg tcttgtcctt ggtgatgtcc tcgtgatcaa     1140

tttcttccga ggtgcagggg tagaactcaa gggtctggcg ggccttctgc aacatgttcg     1200

acacagccct caggaggttt tgggagtggt gtaggcacgg gaacattcca gggtcggggg     1260

ttgccacagg gaggttccgg gaacctcctc cggagcctcc tcctgaacct ccgcctgatc     1320

cgccaccgga acaaggcacg ctggcccatt cgctccagga ggacgagtag tatctatcct     1380

gcgcccggac gctgattgac gcgttcttcc gacaaatcac agtggcggag gttttgtcgg     1440

tgaacacccg gtctttcttc tcccgtttgg actttccctg cacttgcaca cagaaagtga     1500

gcgagaagta tgagtgcggg gtgctccaag tgtctggata ttcccaagac acttccactt     1560

ggcgggagtt cttgagtggc ttcagctgca agttcttggg ggggtcaggc ttgatgatgt     1620

cgcggataaa gaaggaggaa gtgtagttct cgtatttcag cttatgcacg gcatcgacca     1680

tgacctcgat aggcagggac tcttccgcgg cagggcaggc gctgtcctcc tggcattcca     1740
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cggagtactc atattccttg ttgtctcccc tgactctctc ggcggacaga gtggcggctc     1800

cacaggtcac gccctgagga tcgcttgatc cccgtgacga cttcacggag aaagtcaggt     1860

cggtggagat tgtcgtcagc caccaacagg tgaaccgacc gctgtagttc ttggcttcgc     1920

agcggaggaa ggtcttgttc ttcggttctt tttggtcctt gaggatgtca gtggaccaga     1980

ttccatcctc tttcttgtgc agcagcagca gggagtggga cagcacttcg ccacccttgt     2040

ggcaagtgta ctggcccgcg tcgccgaact ccttgacttg aatggtcagg gtctttccgc     2100

ttccgagcac ctcggagctc tgatccaggg tccaggttat gccgtcctct tctggcgtat     2160

cgcaagtcag cacgaccatt tctccagggg cgtccgggta ccaatccagc tcgaccacgt     2220

agacgtcctt cttcagttcc caaatggcga ccagagggga agcgaggaac acaagggaga     2280

accaggagat gacgagttgc tgatggcaca tcatggtggc gacaccggta cgcgttggcc     2340

cccattatat accctctaga actagttatc cactccgtgt aagggagagt gagcctctta     2400

cgaatgcgcg acatcggcta cgccgttccg aggcgactga tacgcgcgac atcggctacg     2460

ccgtacgaag gcagtccgat tgcgcgacat cggctacgcc gacctttact gagacgggag     2520

cgcgacatcg gctacgccga aggcgttgcg aatcctcatg cgattgttac gaaacccgtt     2580

aattaaagag cgagattccg tctcaaagaa aaaaaaagta atgaaatgaa taaaatgagt     2640

cctagagcca gtaaatgtcg taaatgtctc agctagtcag gtagtaaaag gtctcaacta     2700

ggcagtggca gagcaggatt caaattcagg gctgttgtga tgcctccgca gactctgagc     2760

gccacctggt ggtaatttgt ctgtgcctct tctgacgtgg aagaacagca actaacacac     2820

taacacggca tttactatgg gccagccatt gtccatctag atggccgata aaataaaaga     2880

ttttatttag tctccagaaa aaggggggaa tgaaagaccc cacctgtagg tttggcaagc     2940

tagctgcagt aacgccattt tgcaaggcat ggaaaaatac caaaccaaga atagagaagt     3000

tcagatcaag ggcgggtaca tgaaaatagc taacgttggg ccaaacagga tatctgcggt     3060

gagcagtttc ggccccggcc cggggccaag aacagatggt caccgcagtt tcggccccgg     3120

cccgaggcca agaacagatg gtccccagat atggcccaac cctcagcagt ttcttaagac     3180

ccatcagatg tttccaggct cccccaagga cctgaaatga ccctgcgcct tatttgaatt     3240
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aaccaatcag cctgcttctc gcttctgttc gcgcgcttct gcttcccgag ctctataaaa     3300

gagctcacaa cccctcactc ggcgcgccag tcctccgaca gactgagtcg cccgggggat     3360

ccgccaccat gagtagacct ggcgaaagac catttcagtg cagaatttgt atgcggaact     3420

tcagcagaag gcacggcctg gacagacaca ccagaacaca cacaggcgag aagcctttcc     3480

agtgtagaat ctgtatgcgc aatttcagcg accacagcag cctgaagcgg cacctgagaa     3540

cccataccgg cagccagaaa ccatttcaat gccgcatctg tatgagaaac ttctccgtgc     3600

ggcacaacct gaccagacac ctgaggacac acaccgggga gaaacccttc cagtgccgga     3660

tatgcatgag gaatttctcc gaccactcca acctgagccg ccacctgaaa actcacaccg     3720

gctctcaaaa gccatttcag tgtcgtatat gtatgcggaa tttttcccag cggagcagcc     3780

tcgtgcgcca tctgaggact catactggcg aaaagccctt ccaatgtcgc atatgcatgc     3840

gcaactttag cgagtccggc cacctgaaga gacatctgcg gacacacctg agaggcagca     3900

cctgtagaga ctacaaggac cacgacggcg attataagga tcacgacatc gactacaaag     3960

acgacgatga caagatggcc cctaagaaga agcggaaagt cggcatccat ggcgtgccag     4020

gtggacttga aggtggcgga ggatctggcg gcacagagga tgttgtgtgc tgccacagca     4080

tctacggcaa gaagaagggc gacatcgata cctatcggta catcggcagc agcggcacag     4140

gctgcgttgt gatcgtggga agaatcgtgc tgagcggctc tggcacaagc gcccctatta     4200

cagcctacgc tcagcagaca agaggcctgc tgggctgcat catcacaagc ctgaccggca     4260

gagacaagaa ccaggtggaa ggcgaggtgc agatcgtgtc tacagctacc cagaccttcc     4320

tggccacctg tatcaatggc gtgtgctggg ccgtgtatca cggcgctgga accagaacaa     4380

tcgcctctcc taagggaccc gtgatccaga tgtacaccaa cgtggaccag gacctcgttg     4440

gctggcctgc tcctcaggga agtagaagcc tgacaccttg cacctgtggc tccagcgatc     4500

tgtacctggt caccagacac gccgacgtga tccctgtcag aagaagagga gattccagag     4560

gcagcctgct gagccctaga cctatcagct acctgaaggg cagctctggc ggacctctgc     4620

tttgtcctgc tggacatgcc gtgggcctgt ttagagccgc cgtgtgtaca agaggcgtgg     4680

caaaggccgt ggacttcatc cccgtggaaa acctggaaac caccatgcgg agccccgtgt     4740
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tcaccgacaa ttctagccct ccagccgtga cactgacaca ccccatcacc aagatcgaca     4800

gagaggtgct gtaccaagag ttcgacgaga tggaagagtg cagccagcac tacccctacg     4860

acgtgccaga ttatgctggc ggaggtggca gcggaggcac cgatgaattt ccaaccatgg     4920

tgttccccag cggccagatc tctcaggcat ctgctcttgc tccagctcca cctcaggttc     4980

tgcctcaagc tcctgctccg gctcctgcac cagctatggt gtctgcactt gctcaggcac     5040

cagctccagt gcctgttctt gctcctggac ctcctcaggc tgttgctcca ccagcaccta     5100

aacctacaca ggccggcgag ggaacactgt ctgaagccct gctgcaactc cagttcgatg     5160

acgaagatct gggcgccctg ctgggaaact ctacagatcc tgccgtgttt accgatctgg     5220

ccagcgtgga caacagcgag tttcagcagc tcctgaacca gggcatccca gtggctcctc     5280

acaccacaga gcctatgctg atggaatacc ccgaggccat caccagactg gtcaccggcg     5340

cacaaagacc acctgatcct gctccagcac cgcttggagc acctggactg cctaatggac     5400

tgctgtctgg cgacgaggac ttcagttcta tcgctgatat ggatttctct gcccttctgt     5460

ctcagattag tagccagctg taa                                             5483
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CLAIMS 

What is claimed is: 

 

1. An engineered expression system comprising:  

(a) a first expression cassette comprising a first promoter and a first exogenous 

polynucleotide sequence encoding an activation-conditional control polypeptide 

(ACP), 

wherein the first promoter is operably linked to the first exogenous polynucleotide; 

and 

(b) a second expression cassette comprising an ACP-responsive promoter and a 

second exogenous polynucleotide sequence having the formula: 

(L – E)X  

wherein 

E comprises a polynucleotide sequence encoding an effector molecule,  

L comprises a linker polynucleotide sequence, 

X = 1 to 20, 

wherein the ACP-responsive promoter is operably linked to the second exogenous 

polynucleotide, wherein for the first iteration of the (L – E) unit, L is absent, and  

wherein the ACP is capable of inducing expression of the second expression cassette 

by binding to the ACP-responsive promoter,  

optionally wherein when the second expression cassette comprises two or more units 

of (L – E)X, each linker polynucleotide sequence is operably associated with the 

translation of each effector molecule as a separate polypeptide, 

optionally wherein the second expression cassette comprising one or more units of (L 

– E)X further comprises a polynucleotide sequence encoding a secretion signal 

peptide for each X, 

optionally wherein for each X the corresponding secretion signal peptide is operably 

associated with the effector molecule, 

optionally wherein each secretion signal peptide comprises a native secretion signal 

peptide native to the corresponding effector molecule, 

optionally wherein each secretion signal peptide comprises a non-native secretion 

signal peptide that is non-native to the corresponding effector molecule, 
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optionally wherein each secretion signal peptide comprises a non-native secretion 

signal peptide that is non-native to the corresponding effector molecule and optionally 

wherein the non-native secretion signal peptide is a secretion signal peptide of a 

molecule selected from the group consisting of: IL12, IL2, optimized IL2, 

trypsiongen-2, Gaussia luciferase, CD5, CD8, human IgKVII, murine IgKVII, VSV-

G, prolactin, serum albumin preprotein, azurocidin preprotein, osteonectin, CD33, 

IL6, IL8, CCL2, TIMP2, VEGFB, osteoprotegerin, serpin E1, GROalpha, GM-CSFR, 

GM-CSF, and CXCL12, and  

optionally wherein the first expression cassette is comprised within a first nucleic acid 

and the second expression cassette is comprised within a second nucleic acid, or 

wherein the first expression cassette and the second expression cassette are comprised 

within a single nucleic acid.   

2. The engineered expression system of claim 1, further comprising a linker 

polynucleotide sequence localized between the first expression cassette and the 

second expression cassette, 

optionally wherein the linker polynucleotide sequence is operably associated with the 

translation of the ACP and each effector molecule as separate polypeptides, 

optionally wherein the linker polynucleotide sequence encodes a 2A ribosome 

skipping tag and optionally wherein the 2A ribosome skipping tag is selected from the 

group consisting of: P2A, T2A, E2A, and F2A, 

optionally wherein the linker polynucleotide sequence encodes an Internal Ribosome 

Entry Site (IRES), and 

optionally wherein the linker polynucleotide sequence encodes a cleavable 

polypeptide and optionally wherein the cleavable polypeptide comprises a furin 

polypeptide sequence. 
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3. The engineered expression system of claim 1 or 2, wherein: 

(a) the ACP-responsive promoter comprises an ACP-binding domain sequence and a 

promoter sequence, 

optionally wherein the promoter sequence is derived from a promoter selected from 

the group consisting of: minP, NFkB response element, CREB response element, 

NFAT response element, SRF response element 1, SRF response element 2, AP1 

response element, TCF-LEF response element promoter fusion, Hypoxia responsive 

element, SMAD binding element, STAT3 binding site, minCMV, YB_TATA, 

minTK, inducer molecule responsive promoters, and tandem repeats thereof, 

optionally wherein the ACP-responsive promoter comprises a synthetic promoter, 

optionally wherein the ACP-responsive promoter comprises a minimal promoter, and 

optionally wherein the ACP-binding domain comprises one or more zinc finger 

binding sites; 

(b) the first promoter comprises a constitutive promoter, an inducible promoter, or a 

synthetic promoter, 

optionally wherein the constitutive promoter is selected from the group consisting of: 

CMV, EFS, SFFV, SV40, MND, PGK, UbC, hEF1aV1, hCAGG, hEF1aV2, hACTb, 

heIF4A1, hGAPDH, hGRP78, hGRP94, hHSP70, hKINb, and hUBIb; and/or 

(c) each effector molecule is independently selected from a therapeutic class, wherein 

the therapeutic class is selected from the group consisting of: a cytokine, a 

chemokine, a homing molecule, a growth factor, a co-activation molecule, a tumor 

microenvironment modifier a, a receptor, a ligand, an antibody, a polynucleotide, a 

peptide, and an enzyme, 

optionally wherein the cytokine is selected from the group consisting of: IL1-beta, 

IL2, IL4, IL6, IL7, IL10, IL12, an IL12p70 fusion protein, IL15, IL17A, IL18, IL21, 

IL22, Type I interferons, Interferon-gamma, and TNF-alpha, 

optionally wherein the chemokine is selected from the group consisting of: CCL21a, 

CXCL10, CXCL11, CXCL13, a CXCL10-CXCL11 fusion protein, CCL19, CXCL9, 

and XCL1, 

optionally wherein the homing molecule is selected from the group consisting of: anti-

integrin alpha4,beta7; anti-MAdCAM; CCR9; CXCR4; SDFl; MMP-2; CXCR1; 

CXCR7; CCR2; CCR4; and GPR15, 

optionally wherein the growth factor is selected from the group consisting of: FLT3L 
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and GM-CSF, 

optionally wherein the co-activation molecule is selected from the group consisting 

of: c-Jun, 4-1BBL and CD40L, 

optionally wherein the tumor microenvironment modifier is selected from the group 

consisting of: adenosine deaminase, TGFbeta inhibitors, immune checkpoint 

inhibitors, VEGF inhibitors, and HPGE2, optionally wherein the TGFbeta inhibitors 

are selected from the group consisting of: an anti-TGFbeta peptide, an anti-TGFbeta 

antibody, a TGFb-TRAP, and combinations thereof, 

optionally wherein the immune checkpoint inhibitors are selected from the group 

consisting of: anti-PD-1 antibodies, anti-PD-L1 antibodies, anti-PD-L2 antibodies, 

anti-CTLA-4 antibodies, anti-LAG-3 antibodies, anti-TIM-3 antibodies, anti-TIGIT 

antibodies, anti-VISTA antibodies, anti-KIR antibodies, anti-B7-H3 antibodies, anti-

B7-H4 antibodies, anti-HVEM antibodies, anti-BTLA antibodies, anti-GAL9 

antibodies, anti-A2AR antibodies, anti-phosphatidylserine antibodies, anti-CD27 

antibodies, anti-TNFa antibodies, anti-TREMl antibodies, and anti-TREM2 

antibodies, 

optionally wherein the VEGF inhibitors comprise anti-VEGF antibodies, anti-VEGF 

peptides, or combinations thereof, and 

optionally wherein each effector molecule is a human-derived effector molecule. 

4. The engineered expression system of any one of claims 1-3, wherein: 

(a) the first expression cassette and/or the second expression cassette further 

comprises an additional exogenous polynucleotide sequence encoding an antigen 

recognizing receptor, or 

(b) the engineered expression system further comprises an additional expression 

cassette comprising an additional promoter and an additional exogenous 

polynucleotide sequence encoding an antigen recognizing receptor, 

wherein the additional promoter is operably linked to the additional exogenous 

polynucleotide, optionally wherein the additional exogenous polynucleotide sequence 

are encoded by the same polynucleotide as the first expression cassette or the second 

expression cassette, and 

optionally wherein the antigen recognizing receptor recognizes GPC3,  

optionally wherein the antigen recognizing receptor comprises an antigen-binding 

domain, 
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optionally wherein the antigen-binding domain that binds to GPC3 comprises a heavy 

chain variable (VH) region and a light chain variable (VL) region,  

wherein the VH comprises: 

a heavy chain complementarity determining region 1 (CDR-H1) having the 

amino acid sequence of KNAMN (SEQ ID NO: 119), 

a heavy chain complementarity determining region 2 (CDR-H2) having the 

amino acid sequence of RIRNKTNNYATYYADSVKA (SEQ ID NO: 120), 

and 

a heavy chain complementarity determining region 3 (CDR-H3) having the 

amino acid sequence of GNSFAY (SEQ ID NO: 121), and 

wherein the VL comprises: 

a light chain complementarity determining region 1 (CDR-L1) having the 

amino acid sequence of KSSQSLLYSSNQKNYLA (SEQ ID NO: 122), 

a light chain complementarity determining region 2 (CDR-L2) having the 

amino acid sequence of WASSRES (SEQ ID NO: 123), and 

a light chain complementarity determining region 3 (CDR-L3) having the 

amino acid sequence of QQYYNYPLT (SEQ ID NO: 124), 

optionally wherein the VH region comprises an amino acid sequence with at least 

90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, 

at least 97%, at least 98%, at least 99%, or 100% identity to the amino acid sequence 

of  

EVQLVETGGGMVQPEGSLKLSCAASGFTFNKNAMNWVRQAPGKGLEWVAR

IRNKTNNYATYYADSVKARFTISRDDSQSMLYLQMNNLKIEDTAMYYCVAG

NSFA YWGQGTLVTVSA (SEQ ID NO: 125) or 

EVQLVESGGGLVQPGGSLRLSCAASGFTFNKNAMNWVRQAPGKGLEWVGRI

RNKTNNYATYYADSVKARFTISRDDSKNSLYLQMNSLKTEDTAVYYCVAGN

SFAYWGQGTLVTVSA (SEQ ID NO: 126),  

optionally wherein the VL region comprises an amino acid sequence with at least 90 

%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at 

least 97%, at least 98%, at least 99%, or 100% identity to the amino acid sequence of 

DIVMSQSPSSLVVSIGEKVTMTCKSSQSLLYSSNQKNYLAWYQQKPGQSPKL

LIYWASSRESGVPDRFTGSGSGTDFTLTISSVKAEDLAVYYCQQYYNYPLTFG

AGTKLELK (SEQ ID NO: 127), or 
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DIVMTQSPDSLAVSLGERATINCKSSQSLLYSSNQKNYLAWYQQKPGQPPKL

LIYWASSRESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQYYNYPLTFG

QGTKLEIK (SEQ ID NO: 128), 

optionally wherein the antigen-binding domain comprises an antibody, an antigen-

binding fragment of an antibody, a F(ab) fragment, a F(ab') fragment, a single chain 

variable fragment (scFv), or a single-domain antibody (sdAb),  

optionally wherein the VH and VL are separated by a peptide linker, 

optionally wherein when the antigen-binding domain comprises an scFv, the scFv 

comprises the structure VH-L-VL or VL-L-VH, wherein VH is the heavy chain 

variable domain, L is the peptide linker, and VL is the light chain variable domain, 

optionally wherein the antigen recognizing receptor is a chimeric antigen receptor 

(CAR) or T cell receptor (TCR), 

optionally wherein when the antigen recognizing receptor is a CAR, the CAR 

comprises one or more intracellular signaling domains, and each of the one or more 

intracellular signaling domains is selected from the group consisting of: a CD3zeta-

chain intracellular signaling domain, a CD97 intracellular signaling domain, a CD11a-

CD18 intracellular signaling domain, a CD2 intracellular signaling domain, an ICOS 

intracellular signaling domain, a CD27 intracellular signaling domain, a CD154 

intracellular signaling domain, a CD8 intracellular signaling domain, an OX40 

intracellular signaling domain, a 4-1BB intracellular signaling domain, a CD28 

intracellular signaling domain, a ZAP40 intracellular signaling domain, a CD30 

intracellular signaling domain, a GITR intracellular signaling domain, an HVEM 

intracellular signaling domain, a DAP10 intracellular signaling domain, a DAP12 

intracellular signaling domain, a MyD88 intracellular signaling domain, a 2B4 

intracellular signaling domain, a CD16a intracellular signaling domain, a DNAM-1 

intracellular signaling domain, a KIR2DS1 intracellular signaling domain, a 

KIR3DS1 intracellular signaling domain, a NKp44 intracellular signaling domain, a 

NKp46 intracellular signaling domain, a FceRlg intracellular signaling domain, a 

NKG2D intracellular signaling domain, and an EAT-2 intracellular signaling domain,  

optionally wherein the CAR comprises a transmembrane domain, and the 

transmembrane domain is selected from the group consisting of: a CD8 

transmembrane domain, a CD28 transmembrane domain a CD3zeta-chain 

transmembrane domain, a CD4 transmembrane domain, a 4-1BB transmembrane 

domain, an OX40 transmembrane domain, an ICOS transmembrane domain, a CTLA-
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4 transmembrane domain, a PD-1 transmembrane domain, a LAG-3 transmembrane 

domain, a 2B4 transmembrane domain, a BTLA transmembrane domain, an OX40 

transmembrane domain, a DAP10 transmembrane domain, a DAP12 transmembrane 

domain, a CD16a transmembrane domain, a DNAM-1 transmembrane domain, a 

KIR2DS1 transmembrane domain, a KIR3DS1 transmembrane domain, an NKp44 

transmembrane domain, an NKp46 transmembrane domain, an FceRlg 

transmembrane domain, and an NKG2D transmembrane domain, and 

optionally wherein the CAR comprises a spacer region between the antigen-binding 

domain and the transmembrane domain. 

5. The engineered expression system of any one of claims 1-4, wherein the ACP is a 

transcriptional modulator, 

optionally wherein the ACP is a transcriptional repressor or the ACP is a 

transcriptional activator, 

optionally wherein the ACP further comprises a repressible protease and one or more 

cognate cleavage sites of the repressible protease, 

optionally wherein the ACP further comprises a hormone-binding domain of estrogen 

receptor (ERT2 domain), optionally wherein the ACP is capable of undergoing 

nuclear localization upon binding of the ERT2 domain to tamoxifen or a metabolite 

thereof, and optionally wherein the tamoxifen metabolite is selected from the group 

consisting of: 4-hydroxytamoxifen, N-desmethyltamoxifen, tamoxifen-N-oxide, and 

endoxifen 

optionally wherein the ACP is a transcription factor, optionally, wherein the 

transcription factor is a zinc-finger-containing transcription factor 

optionally wherein the ACP comprises a DNA-binding zinc finger protein domain 

(ZF protein domain) and a transcriptional effector domain, optionally wherein the ZF 

protein domain is modular in design and is composed of zinc finger arrays (ZFA), and 

optionally wherein the ZF protein domain comprises one to ten ZFA,  

optionally wherein the effector domain is selected from the group consisting of: a 

Herpes Simplex Virus Protein 16 (VP16) activation domain; an activation domain 

comprising four tandem copies of VP16, a VP64 activation domain; a p65 activation 

domain of NFκB; an Epstein-Barr virus R transactivator (Rta) activation domain; a 

tripartite activator comprising the VP64, the p65, and the Rta activation domains 

(VPR activation domain); a histone acetyltransferase (HAT) core domain of the 
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human E1A-associated protein p300 (p300 HAT core activation domain); a Krüppel 

associated box (KRAB) repression domain; a truncated Krüppel associated box 

(KRAB) repression domain; a Repressor Element Silencing Transcription Factor 

(REST) repression domain; a WRPW motif (SEQ ID NO: 162) of the hairy-related 

basic helix-loop-helix repressor proteins, the motif is known as a WRPW repression 

domain ("WRPW" disclosed as SEQ ID NO: 162); a DNA (cytosine-5)-

methyltransferase 3B (DNMT3B) repression domain; and an HP1 alpha 

chromoshadow repression domain, 

optionally wherein the one or more cognate cleavage sites of the repressible protease 

are localized between the ZF protein domain and the effector domain, 

optionally wherein the repressible protease is hepatitis C virus (HCV) nonstructural 

protein 3 (NS3), 

optionally wherein the cognate cleavage site comprises an NS3 protease cleavage site, 

optionally wherein the NS3 protease cleavage site comprises a NS3/NS4A, a 

NS4A/NS4B, a NS4B/NS5A, or a NS5A/NS5B junction cleavage site,  

optionally wherein the NS3 protease can be repressed by a protease inhibitor, 

optionally wherein the protease inhibitor is selected from the group consisting of: 

simeprevir, danoprevir, asunaprevir, ciluprevir, boceprevir, sovaprevir, paritaprevir, 

telaprevir, grazoprevir, glecaprevir, and voxiloprevir, or the protease inhibitor is 

grazoprevir, or the protease inhibitor comprises grazoprevir and elbasvir, 

optionally wherein the grazoprevir and the elbasvir is co-formulated in a 

pharmaceutical composition, 

optionally wherein the pharmaceutical composition is a tablet,  

optionally wherein the grazoprevir and the elbasvir are at a 2 to 1 weight ratio, 

optionally wherein the grazoprevir is 100 mg per unit dose and the elbasvir is 50 mg 

per unit dose, 

optionally wherein the ACP further comprises a degron, and wherein the degron is 

operably linked to the ACP, 

optionally wherein the degron is selected from the group consisting of HCV NS4 

degron, PEST (two copies of residues 277-307 of human IκBα), GRR (residues 352-

408 of human p105), DRR (residues 210-295 of yeast Cdc34), SNS (tandem repeat of 

SP2 and NB (SP2-NB-SP2 of influenza A or influenza B), RPB (four copies of 

residues 1688-1702 of yeast RPB), SPmix (tandem repeat of SP1 and SP2 (SP2-SP1-

SP2-SP1-SP2 of influenza A virus M2 protein), NS2 (three copies of residues 79-93 
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of influenza A virus NS protein), ODC (residues 106-142 of ornithine decarboxylase), 

Nek2A, mouse ODC (residues 422–461), mouse ODC_DA (residues 422-461 of 

mODC including D433A and D434A point mutations), an APC/C degron, a COP1 E3 

ligase binding degron motif, a CRL4-Cdt2 binding PIP degron, an actinfilin-binding 

degron, a KEAP1 binding degron, a KLHL2 and KLHL3 binding degron, an MDM2 

binding motif, an N-degron, a hydroxyproline modification in hypoxia signaling, a 

phytohormone-dependent SCF-LRR-binding degron, an SCF ubiquitin ligase binding 

phosphodegron, a phytohormone-dependent SCF-LRR-binding degron, a DSGxxS 

phospho-dependent degron (SEQ ID NO: 163), an Siah binding motif, an SPOP SBC 

docking motif, and a PCNA binding PIP box, 

optionallywherein the degron comprises a cereblon (CRBN) polypeptide substrate 

domain capable of binding CRBN in response to an immunomodulatory drug (IMiD) 

thereby promoting ubiquitin pathway-mediated degradation of the ACP, 

optionallywherein the CRBN polypeptide substrate domain is selected from the group 

consisting of: IKZF1, IKZF3, CKla, ZFP91, GSPT1, MEIS2, GSS E4F1, ZN276, 

ZN517, ZN582, ZN653, ZN654, ZN692, ZN787, and ZN827, or a fragment thereof 

that is capable of drug-inducible binding of CRBN, 

optionally wherein the CRBN polypeptide substrate domain is a chimeric fusion 

product of native CRBN polypeptide sequences, 

optionally wherein the IMiD is an FDA-approved drug, 

optionally wherein the IMiD is selected from the group consisting of: thalidomide, 

lenalidomide, and pomalidomide, and 

optionally wherein the degron is localized 5’ of the repressible protease, 3’ of the 

repressible protease, 5’ of the ZF protein domain, 3’ of the ZF protein domain, 5’ of 

the effector domain, or 3’ of the effector domain. 

6. The engineered expression system of any one of claims 1-5, wherein: 

(a) the engineered expression system further comprises an insulator, optionally 

wherein the insulator is localized between the first expression cassette, the second 

expression cassette, and/or the additional expression cassette if present; 

(b) the first expression cassette is localized in the same orientation relative to the 

second expression cassette or the first expression cassette is localized in the opposite 

orientation relative to the second expression cassette; and/or 
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(c) the engineered expression system is a nucleic acid selected from the group 

consisting of: a DNA, a cDNA, an RNA, an mRNA, and a naked plasmid. 

7. One or more expression vectors comprising the first expression cassette, the second 

expression cassette, and/or the additional expression cassette if present of any one of 

the engineered expression systems of any one of claims 1-6, and 

optionally wherein (a) a first vector comprises the first expression cassette and the 

additional expression cassette if present, and a second vector comprises the second 

expression cassette, (b) a first vector comprises the first expression cassette, and a 

second vector comprises the second expression cassette and the the additional 

expression cassette if present, (c) a first vector comprises the first expression cassette 

and the second expression cassette, and a second vector comprises the additional 

expression cassette if present, or (d) a vector comprises the first expression cassette, 

the second expression cassette, and the additional expression cassette if present. 

8. An isolated cell comprising the engineered expression system of any one of claims 1-

6 or the one or more expression vectors of claim 7, 

optionally wherein the engineered expression system is recombinantly expressed, 

optionally wherein the engineered expression system is expressed from a one or more 

vectors or one or more selected loci from the genome of the cell, 

optionally wherein the cell is selected from the group consisting of: a T cell, a CD8+ 

T cell, a CD4+ T cell, a gamma-delta T cell, a cytotoxic T lymphocyte (CTL), a 

regulatory T cell, a viral-specific T cell, a Natural Killer T (NKT) cell, a Natural 

Killer (NK) cell, a B cell, a tumor-infiltrating lymphocyte (TIL), an innate lymphoid 

cell, a mast cell, an eosinophil, a basophil, a neutrophil, a myeloid cell, a macrophage, 

a monocyte, a dendritic cell, an erythrocyte, a platelet cell, a human embryonic stem 

cell (ESC), an ESC-derived cell, a pluripotent stem cell, a mesenchymal stromal cell 

(MSC), an induced pluripotent stem cell (iPSC), and an iPSC-derived cell, and 

optionally wherein the cell is autologous or the cell is allogeneic. 

9. A pharmaceutical composition comprising the engineered expression system of any 

one of claims 1-6, the one or more expression vectors of claim 7, or the isolated cell 

of claim 8, and a pharmaceutically acceptable carrier, pharmaceutically acceptable 

excipient, or a combination thereof. 
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10. A method of treating a subject in need thereof, the method comprising administering a 

therapeutically effective dose of the The isolated cell of claim 8 or the composition of 

claim 9 for use in therapy. 

11. A method of stimulating a cell-mediated immune response to a tumor cell in a subject, 

the method comprising administering to a subject having a tumor a therapeutically 

effective dose Use of the isolated cell of claim 8 or the composition of claim 9 in the 

manufacture of a medicament for stimulating a cell-mediated immune response to a 

tumor cell in a subject. 

12. A method of providing an anti-tumor immunity in a subject, the method comprising 

administering to a subject in need thereof a therapeutically effective doseUse of the 

isolated cell of claim 8 or the composition of claim 9 in the manufacture of a 

medicament for providing an anti-tumor immunity in a subject. 

13. A method of reducing tumor volume in a subject, the method comprising 

administering to a subject having a tumor Use of a composition comprising the 

isolated cell of claim 8 or the composition of claim 9 in the manufacture of a 

medicament for reducing tumor volume in a subject. 

14. The method use of any one of claims 1011-13, wherein: 

(a) the administering comprises  medicament is to be systemically administered 

administration or intratumorally administeredadministration; 

(b) the isolated cell is derived from the subject or the isolated cell is allogeneic with 

reference to the subject; 

(c) the method use further comprises administering that a checkpoint inhibitor is to be 

administered; 

(d) the tumor is selected from the group consisting of: an adenocarcinoma, a bladder 

tumor, a brain tumor, a breast tumor, a cervical tumor, a colorectal tumor, an 

esophageal tumor, a glioma, a kidney tumor, a liver tumor, a lung tumor, a melanoma, 

a mesothelioma, an ovarian tumor, a pancreatic tumor, a gastric tumor, a testicular 

yolk sac tumor, a prostate tumor, a skin tumor, a thyroid tumor, and a uterine tumor; 
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(e) the method use further comprises administering that a protease inhibitor is to be 

administered,  

optionally wherein the protease inhibitor is to be administered in a sufficient amount 

to repress a repressible protease, 

optionally wherein the protease inhibitor is to be administered prior to, concurrently 

with, subsequent to administration of the engineered cells or the composition 

comprising the engineered cells, 

optionally wherein the protease inhibitor is selected from the group consisting of: 

simeprevir, danoprevir, asunaprevir, ciluprevir, boceprevir, sovaprevir, paritaprevir, 

telaprevir, grazoprevir, glecaprevir, and voxiloprevir, or the protease inhibitor is 

grazoprevir, or the protease inhibitor comprises grazoprevir and elbasvir, 

optionally wherein when the protease inhibitor comprises grazoprevir and elbasvir, 

the grazoprevir and the elbasvir is co-formulated in a pharmaceutical composition, 

optionally wherein the pharmaceutical composition is a tablet 

optionally wherein the grazoprevir and the elbasvir are at a 2 to 1 weight ratio, and 

optionally wherien the grazoprevir is 100 mg per unit dose and the elbasvir is 50 mg 

per unit dose; and/or 

(f) the method use further comprises administering that tamoxifen or a metabolite 

thereof is to be administered, optionally wherein the tamoxifen metabolite is selected 

from the group consisting of: 4-hydroxytamoxifen, N-desmethyltamoxifen, 

tamoxifen-N-oxide, and endoxifen. 

15. A kit for treating and/or preventing cancer, comprising the isolated cell of claim 8 or 

the pharmaceutical composition of claim 9, optionally wherein the kit further 

comprises written instructions for using the cell or composition for treating and/or 

preventing cancer in a subject. 

 

 

 

 




