
DRUG REGULATED TRANSGENE EXPRESSION 

CROSS-REFERENCE TO RELATED APPLICATIONS 

100011 	The present application claims the benefit of priority to U.S. Provisional 

Patent Application No. 62/058,973, 	filed 	October 2, 	2014, U.S. 	Provisional 	Patent 

Application No. 61/977,751, filed April 10, 2014, U.S. Provisional Patent Application No. 

61/986,479, filed April 30, 2014, U.S. Provisional Patent Application No. 62/089,730 filed 

December 9, 2014, U.S. Provisional Patent Application No. 62/090845, filed December 11, 

2014, and U.S. Provisional Patent Application No. 62/088.363, filed December 5, 2014. The 

entire disclosures of the aforementioned applications are expressly incorporated by reference 

in their entireties. 

REFERENCE TO SEQUENCE LISTING, TABLE, OR COMPUTER PROGRAM LISTING 

100021 	The present application is being filed along with a Sequence Listing in 

electronic 	format. 	The 	Sequence 	Listing 	is 	provided 	as 	a 	file 	entitled 	SCRI- 

53WO_SEQUENCE_LISTING.TXT. created April 7, 2015, which is 65kb in size. The 

information is the electronic format of the Sequence Listing is incorporated herein by 

reference in its entirety. 

BACKGROUND OF THE INVENTION 

100031 	The adoptive transfer of human T lymphocytes that are engineered by gene 

transfer to express chimeric antigen receptors (CARs) specific for surface molecules 

expressed on tumor cells has the potential to effectively treat cancer. Chimeric receptors arc 

synthetic receptors that include an extracellular ligand binding domain, most commonly a 

single chain variable fragment of a monoclonal antibody (scFv) linked to intracellular 

signaling components, most commonly CD3( alone or combined with one or more 

costimulatoty domains. Much of the research in the design of chimeric receptors has focused 

on defining scFvs and other ligand binding elements that target malignant cells without 

causing serious toxicity to essential normal tissues, and on defusing the optimal composition 

of intracellular signaling modules to activate T cell effector functions. 

100041 	Although, T cell (CAR-T) adoptive therapy clinical trials (chimeric antigen 

receptor expressing T cells) are demonstrating potent anti-tumor activity, it is apparent that 



significant toxicities can arise, for example, engraftment-induced cytokine storm. tumor lysis 

syndromes and ongoing B cell cytopenias, each of which are attributable to unregulated 

functional outputs of constitutively expressed CARs. Such toxicities can in some context 

threaten to limit the applicability of CAR-T cell adoptive therapy. Clinical trials using 

transgene-modified 	adoptive T cell 	immunotherapies have only tested T cells that 

constitutively express the transgene, or are always in the "ON" state, contributing in large part 

to transgene associated side-effects. Suicide gene-mediated elimination of CAR-T cells can 

ameliorate such toxicitics; however, this approach risks premature attenuation of anti-tumor 

activity and significantly impacts curative potential. 

10005] 	Current small molecule-regulated transgene expression technologies rely 

on a variety of drug inputs including macrolides, ecdysones and rapamycin analogs. Clinical 

applicability of these systems is limited due to toxic off target effects, 	unfavorable 

biodistribution and phannacodynamics profiles, limited output dynamic range, and/or limited 

availability as FDA-approved commercially available pharmaceuticals. Furthermore, many of 

these systems use chimeric transcriptional regulators built from xenogeneic components, thus 

introducing the complication of inununogenicity when applying these systems to human 

therapeutics. 

100061 	There is a need to identify methods for determining elements of chimeric 

receptor design that are important for therapeutic activity and cell populations to genetically 

modify and adoptively transfer that will provide enhanced survival and efficacy in vivo while 

minimizing adverse side effects. There is also a need for expression systems and methods for 

modulating cells for use in cell therapy, such as for modulating expression of recombinant 

antigen receptors such as CARs and/or other molecules expressed by such cells, such as to 

improve therapeutic activity, enhanced survival and/or efficacy in vivo and/or minimize 

adverse side effects. 

SUMMARY OF THE INVENTION 

(00071 	One aspect of the disclosure includes a genetic system to deliver drug- 

regulated transgene expression in cells. In an alternative, regulated transgene expression is 

targeted to cells, such as lymphocytes designed for use in adoptive immunotherapy. This 

system provides rigorous safety attributes to chimeric antigen receptor (CAR) redirected 

adoptive therapeutic strategies without sacrificing curative intent that permits real-time 

clinician control of CAR expression in vivo. By engineering vectors that enable drug 

responsive transcriptional control of CAR expression, the activity of CARs and other cell 
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mediators can be turned "ON" and "OFF" in vivo, based on a clinician prescribed 

pharmaceutical 	drug input that exhibits clinically permissive pharmacokinetics, tissue 

distribution, and partitioning between the extracellular space and cytosol of lymphocytes. The 

genetic system provides for drug regulated transgene expression to enforce a functional 

"OFF' state in the absence of the drug and a functional "ON" state transgene expression in 

the presence of the drug. 

10008] 	One alternative of such a drug is tamoxifen. Tamoxifen is an estrogen 

antagonist/partial agonist that is an FDA-approved and commercially available drug. It is 

taken orally and can he administered on a daily basis over an extended period of time. 

Tamoxifen has a proven safety record, favorable pharmacokinetic profile, excellent tissue 

distribution and a low partition coefficient between the extracellular space and cytosol. Other 

drugs can be selected based on safety record, favorable pharmacokinetie profile. and excellent 

tissue distribution, a low partition coefficient between the extracellular space and cytosol, 

and/or low toxicities. 

100091 	In some alternatives. the system employs a synthetic transcriptional 

regulator, which, in the presence of tamoxiten, binds a synthetic promoter upstream of a 

transgene to induce expression. The tamoxifen regulated transcription factor ("TainR-tf,  , also 

designated "HEA3") is a chimeric transcription factor composed of human subunits including 

the N-terminal DNA binding domain of Hepatocyte Nuclear Factor 1-alpha (HNF-la) fused 

in frame to the mutant tamoxifen-specific ligand binding domain of the estrogen receptor 

ligand binding domain (ER-LBD), that is in turn fused to the p65 activation domain of NF-x.13 

(p65). An exemplary amino acid sequence is provided in Table 10 and is identified as SEQ ID 

NO: 40. The mutant tamoxifen-specific ligand binding domain of the estrogen receptor ligand 

binding domain (ER-L131)) is found at amino acids 282-595 of the TamR-tf and has a 

mutation at position 521. The p65 activation domain of NF-icB (p65) is found at amino acids 

596-862 of SEQ ID NO: 40. Further changes can be made to the transcriptional activator to 

increase the properties of the transcription factor including, without limitation, altering one or 

more amino acids in the estrogen receptor ligand binding domain to increase the affinity of 

the factor for estrogen analogs and altering one or more amino acids in the p65 transactivating 

domain. 

100101 	In the absence of tamoxifen, TamR-tf is excluded from the nucleus by 

binding of cytosolic heat-shock protein 90 (IISP90) to the tamoxifen binding active site and 

transgene expression is in the "OFF" state. Nanomolar concentrations of cytosolic tamoxifen 
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actively out competes HSP90 for ER-LBD binding, resulting in TamR-tf translocation to the 

nucleus. Upon nuclear translocation, TamR-tf is readily available to bind its restricted 

synthetic promoter (e.g. 7xHBD/EFlap). In the presence of tamoxifen, binding of TarnR-tf to 

7xHBD/EFlap promoter induces the "ON" state of transgene expression. In some 

alternatives, this transcriptional regulator can be modified to provide for a varying level of 

control of transgene expression. Amino acid substitutions in the LBD of TamR-tf permit 

selective responsiveness to tamoxifen and its metabolites. where 4-hydroxy tamoxifen (4- 

OHT) is the most pharmacologically active metabolite. in regards to TamR-tf activity, while 

lacking interaction with endogenous estrogen. 

[0011] 	In one aspect, the present disclosure relates to methods and compositions 

to confer and/or augment immune responses mediated by cellular immunotherapy, such as, by 

adoptively transferring tumor-specific, genetically modified subsets of CD8+ or CD4+ T cells 

alone, or in combination. The disclosure provides for chimeric receptor nucleic acids, and 

vectors and host cells including such nucleic acids. The nucleic acid sequence that encodes 

the chimeric receptor links together a number of modular components that can be excised and 

replaced with other components in order to customize the chimeric receptor for efficient T 

cell activation and recognition of a specific target molecule or an epitope on the target 

molecule and provide for regulated transcription as described herein. 

[0012] 	In some alternatives. a system for inducible expression of a chimeric 

antigen receptor comprises: a first nucleic acid comprising a first promoter inducible by a 

drug, wherein the first nucleic acid is operably linked to a polynucleotide coding for a 

chimeric antigen receptor comprising a ligand binding domain, wherein the ligand binding 

domain is specific for a ligand, wherein the ligand is a tumor specific molecule, viral 

molecule, or any other molecule expressed on a target cell population. wherein the ligand can 

elicit 	recognition, 	modulation, 	inhibition, 	and/or 	elimination 	by 	a 	lymphocyte; 	a 

polynucleotide coding for a polypeptide spacer, wherein the spacer is optimized; a 

polynucleotide coding for a transmembrane domain; and d) a polynucleotide coding for an 

intracellular signaling domain; and a second nucleic acid comprising a second promoter 

operably linked to nucleic acid coding for a transcriptional activator for the inducible 

promoter. In some alternatives, the drug is tamoxifen and/or its metabolites. In some 

alternatives, the spacer is optimized for increased T cell proliferation and/or cytokine 

production in response to the ligand as compared to a reference chimeric receptor. In some 

alternatives, the second promoter is constitutive or inducible. 
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100131 	In some alternatives, a system for inducible expression of a chimeric 

antigen receptor comprises: a first nucleic acid comprising a first promoter inducible by a 

drug, wherein the first nucleic acid is operably linked to a polynucleotide coding for a 

cytokine. a chemokine, a polypeptide that regulates apoptosis and/or a polypeptide that 

modulates checkpoint signaling; and a second nucleic acid comprising a second promoter 

operably linked to a nucleic acid coding for a transcriptional activator for the inducible 

promoter. In some alternatives. the second promoter is constitutive or inducible. In an 

exemplary alternative, the second nucleic acid further comprises a polynucleotide coding for a 

chimeric antigen receptor, under the control of a constitutive promoter. In some alternatives. 

the drug is tamoxifen and/or its metabolites. 

100141 	In another aspect, the present disclosure provides compositions to confer 

and/or augment immune responses mediated by cellular immunotherapy, such as by 

adoptively transferring tumor-specific, subset specific genetically modified CD4+ T cells, 

wherein the CD4+ T cells confer and/or augment the ability of CD8+ T cells to sustain anti- 

tumor reactivity and increase and/or maximize tumor-specific proliferation. 	In some 

alternatives, the CD4+ cells are genetically modified to express a chimeric receptor nucleic 

acid and/or chimeric receptor polypeptide under the control of a regulated promoter. as 

described herein. 

100151 	In another aspect, the present disclosure provides compositions to confer 

and/or augment immune responses mediated by cellular immunotherapy, such as by 

adoptively transferring tumor-specific, subset specific genetically modified T cells. In some 

alternatives, the cells are precursor T cells. In some alternatives, the cells are hematopoietic 

stem cells. In some alternatives, the cells are CD8+ 'I' cells. In some alternatives, the CD8+ 'T 

cells express a chimeric receptor nucleic acid and/or chimeric receptor polypeptide under the 

control of a regulated promoter, as described herein. 

100161 	Some alternatives concern methods of performing cellular immunotherapy 

in a subject having a disease or disorder by administering to the subject a genetically modified 

T lymphocyte cell preparation that provides a cellular immune response and administering a 

drug that induces a transgene in the genetically modified T lymphocyte cells. In some 

alternatives, the genetically modified T lymphocyte cell preparation comprises precursor T 

cells. In some alternatives, the genetically modified T lymphocyte cell preparation comprises 

hematopoietic stem cells. In some alternatives, the genetically modified CD8+ and genetically 

modified CD4"- cell population are co-administered. In some alternatives, the drug is 
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tamoxifen and/or its metabolites. In some alternatives. the T cells are autologous or allogeneic 

T cells. Various modifications of the above method are possible. For example, the chimeric 

receptor that is expressed by the CD4+ 1' cell and the CDS+ 1' cell can be the same or 

different. 

100171 	In some alternatives, a system for inducible expression of a chimeric 

antigen receptor is provided, wherein the system comprises a) a first nucleic acid comprising 

a first promoter inducible by a drug, wherein the first nucleic acid is operably linked to a 

polynucleotide coding for a chimeric antigen receptor comprising a ligand binding domain, 

wherein the ligand binding domain is specific for a ligand, wherein the ligand is a tumor 

specific molecule, viral molecule, or any other molecule expressed on a target cell population, 

wherein the ligand can elicit recognition, modulation, inhibition, and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the spacer is 

optimized; a polynucleotide coding for a transmembranc domain; and d) a polynucleotide 

coding for an intracellular signaling domain: and b) a second nucleic acid comprising a 

second promoter operably linked to nucleic acid coding for a transcriptional activator for the 

inducible promoter. In some alternatives, the drug is tamoxifen and/or its metabolites. in 

some alternatives, the second promoter is inducible. In some alternatives, the second 

promoter is constitutive. In some alternatives, the first promoter comprises a nucleic acid 

sequence of SEQ ID NO: 41. In some alternatives, the second promoter is a constitutive 

promoter. In some alternatives, the second promoter is the EFlap. In some alternatives, the 

transcriptional activator comprises a sequence of SEQ ID NO: 40. In some alternatives, the 

first nucleic acid further comprises a first vector and the second nucleic acid further 

comprises a second vector. In some alternatives, both vectors arc packaged in a viral vector. 

In some alternatives, the viral vector is a lentivirus. In some alternatives, the first and second 

nucleic acid comprise a vector. In some alternatives, the first nucleic acid further comprises a 

nucleic acid sequence coding fbr a selectable marker. In some alternatives, the second nucleic 

acid further comprises a nucleic acid coding for a selectable marker. In some alternatives, the 

spacer is optimized for increased T cell proliferation and/or cytokinc production in response 

to the ligand as compared to a reference chimeric receptor. 

100181 	In some alternatives, a system for inducible expression of a chimeric 

antigen receptor is provided, wherein the system comprises a) a first nucleic acid comprising 

a first promoter inducible by a drug. wherein the first nucleic acid is operably linked to a 

polynucleotide coding for a chimeric antigen receptor comprising a ligand binding domain, 
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wherein the ligand binding domain is specific for a ligand, wherein the ligand is a tumor 

specific molecule, viral molecule, or any other molecule expressed on a target cell population, 

wherein the ligand can elicit recognition, modulation, inhibition, and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the spacer is 

optimized a polynucleotide coding for a transmembrane domain; 	and d) a polynucleotide 

coding for an intracellular sienaling domain and 	b) a second nucleic acid comprising a 

second promoter operably linked to nucleic acid coding for a transcriptional activator for the 

inducible promoter.. In some alternatives, the second promoter is constitutive or inducible. In 

some alternatives, the drug is tamoxifen and/or its metabolites. In some alternatives, the 

second nucleic acid further comprises a polynucleotide coding for a chimeric antigen receptor 

comprising a ligand binding domain, wherein the ligand binding domain is specific for a 

ligand. wherein the ligand is a tumor specific molecule, viral molecule, or any other molecule 

expressed on a target cell population, wherein the ligand can elicit recognition, modulation, 

inhibition, and/or elimination by a lymphocyte; a polynucleotide coding for a polypeptide 

spacer, wherein the spacer is optimized; and d) a polynucleotide coding for an intracellular 

signaling domain. In some alternatives, the drug is tamoxifen and/or its metabolites. In some 

alternatives, the first promoter is in opposite orientation to the second promoter. In some 

alternatives, the ligand binding domain is an antibody fragment. In some alternatives, the 

ligand binding domain is single chain variable fragment. In some alternatives, the tumor 

specific molecule is CD19. CD20, CD22, CD23, CD123, CS-1, ROR1, CE7. EGFR, h1371-13, 

mesothelin. c-Met, PSMA, Her2, GD-2, or MAGE A3 TCR or combinations thereof. In some 

alternatives, the spacer is optimized for increased T cell proliferation and/or cytokine 

production in response to the ligand as compared to a reference chimeric receptor. In some 

alternatives, the second promoter is inducible. In some alternatives, the second promoter is 

constitutive. 

100191 	In sonic alternatives, a chimeric receptor polypeptide is provided, wherein 

the chimeric receptor polypetide is coded for by a system. In some alternatives, the system 

comprises a) a first nucleic acid comprising a first promoter inducible by a drug. wherein the 

first nucleic acid is operably linked to a polynucleotide coding for a chimeric antigen receptor 

comprising a ligand binding domain. wherein the ligand binding domain is specific for a 

ligand, wherein the ligand is a tumor specific molecule, viral molecule, or any other molecule 

expressed on a target cell population, wherein the ligand can elicit recognition, modulation, 

inhibition, and/or elimination by a lymphocyte; a polynucleotide coding for a polypeptide 
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spacer, wherein the spacer is optimized; a polynucleotide coding for a transmembrane 

domain; and d) a polynucleotide coding for an intracellular signaling domain; and b) a second 

nucleic acid comprising a second promoter operably linked to nucleic acid coding for a 

transcriptional activator for the inducible promoter. In some alternatives, the second promoter 

is constitutive or inducible. In some alternatives, the drug is tamoxifen and/or its metabolites. 

In some alternatives, the first promoter comprises a nucleic acid sequence of SEQ ID NO: 41. 

In some alternatives, the second promoter is a constitutive promoter. In some alternatives, the 

second promoter is the Map. In some alternatives, the transcriptional activator comprises a 

sequence of SEQ ID NO: 40. In some alternatives, the first nucleic acid further comprises a 

first vector and the second nucleic acid further comprises a second vector. In some 

alternatives, both vectors are packaged in a viral vector. In some alternatives, the viral vector 

is a lentivirus. In some alternatives, the first and second nucleic acid comprise a vector. In 

some alternatives, the first nucleic acid further comprises a nucleic acid sequence coding for a 

selectable marker. In some alternatives, the second nucleic acid further comprises a nucleic 

acid coding for a selectable marker. In some alternatives, the second promoter is an inducible 

promoter. In some alternatives, the spacer is optimized for increased T cell proliferation 

and/or cytokine production in response to the ligand as compared to a reference chimeric 

receptor. 

100201 	In some alternatives, a system for inducible expression of chimeric antigen 

receptor is provided, wherein the system comprises a) a first nucleic acid comprising a first 

promoter inducible by a drug, wherein the first nucleic acid is operably linked to a 

polynucleotide coding for a cytokine, a chemokine receptor. a polypeptide that regulates 

apoptosis, or a polypeptide that modulates checkpoint signaling and b) a second nucleic acid 

comprising a second promoter operably linked to nucleic acid coding for a transcriptional 

activator for the inducible promoter. In some alternatives, the second promoter is constitutive 

or inducible. In some alternatives, the second nucleic acid further comprises a polynucleotide 

coding for a chimeric antigen receptor comprising a ligand binding domain, wherein the 

ligand binding domain is specific for a ligand, wherein the ligand is a tumor specific 

molecule, viral molecule, or any other molecule expressed on a target cell population. 

wherein the ligand can elicit recognition. modulation, inhibition, and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the spacer is 

optimized: and d) a polynucleotide coding for an intracellular signaling domain. In some 

alternatives, the first promoter is in opposite orientation to the second promoter. In some 
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alternatives, the ligand binding domain is an antibody fragment, preferably a binding domain 

thereof. In some alternatives, the tumor specific molecule is CD19, CD20, CD22, CD23, 

CD123, CS-I, ROR1, CE7, EGFR, hB7H3, mesothelin, c-Met, PSMA. Her2, GD-2, or 

MAGE A3 TCR or combinations thereof. In some alternatives, the system comprises a) a first 

nucleic acid comprising a first promoter inducible by a drug, wherein the first nucleic acid is 

operably linked to a polynucleotide coding for a cytokine, a chemokine receptor, a 

polypeptide that regulates apoptosis, or a polypeptide that modulates checkpoint signaling; 

and b) a second nucleic acid comprising a second promoter operably linked to nucleic acid 

coding for a transcriptional activator for the inducible promoter. In some alternatives, the 

second promoter is constitutive or inducible. In some alternatives, the drug is tamoxifen 

and/or its metabolites. In some alternatives, the second nucleic acid further comprises a 

polynucleotide coding for chimeric antigen receptor comprising a ligand binding domain, 

wherein the ligand is a tumor specific molecule, viral molecule, or any other molecule 

expressed on a target cell population. wherein the ligand can elicit recognition, modulation, 

inhibition, and/or elimination by a lymphocyte; a polynucicotide coding for a polypeptide 

spacer, wherein the spacer is optimized; a polynucleotide coding for a tran.smembrane 

domain; and d) a polynucleotide coding for an intracellular signaling domain. In some 

alternatives, the first promoter is in opposite orientation to the second promoter. In some 

alternatives, the ligand binding domain is an antibody fragment, preferably a binding 

fragment thereof. In some alternatives, the ligand binding domain is single chain variable 

fragment. In some alternatives, the tumor specific molecule is CD19, CD20, CD22, CD23, 

CD123, CS-1, RORI, CE7, EGFR, hB7H3, mesothelin. c-Met, PSMA, Her2, GD-2, or 

MAGE A3 TCR or combinations thereof. In some alternatives, the spacer is optimized for 

increased T cell proliferation and/or cytokine production in response to the ligand as 

compared to a reference chimeric receptor. 

[0021j 	In some alternatives, a host cell 	is provided, wherein the host cell 

comprises a system. In some alternatives, the system comprises a) a first nucleic acid 

comprising a first promoter inducible by a drug. wherein the first nucleic acid is operably 

linked to a polynucleotide coding for a chimeric antigen receptor comprising a ligand binding 

domain. wherein the ligand is a tumor specific molecule, viral molecule, or any other 

molecule expressed on a target cell population, wherein the ligand can elicit recognition, 

modulation, inhibition, and/or elimination by a lymphocyte; a polynucicotidc coding for a 

polypeptide 	spacer, 	wherein 	the 	spacer is 	optimized; 	a polynucleotide coding 	for a 
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transmemhrane domain; and d) a polynucleotide coding for an intracellular signaling domain: 

and b) a second nucleic acid comprising a second promoter operably linked to nucleic acid 

coding for a transcriptional activator for the inducible promoter. In some alternatives, the 

second promoter is constitutive or inducible. In some alternatives, the drug is tarnoxifen 

and/or its metabolites. In some alternatives, the first promoter comprises a nucleic acid 

sequence of SEQ ID NO: 41. In some alternatives, the second promoter is a constitutive 

promoter. In some alternatives, the second promoter is the EFlop. In some alternatives, the 

transcriptional activator comprises a sequence of SEQ ID NO: 40. In some alternatives, the 

first nucleic acid further comprises a first vector and the second nucleic acid further 

comprises a second vector. In some alternatives, both vectors are packaged in a viral vector. 

In some alternatives, the viral vector is a lentivirus. In some alternatives, the first and second 

nucleic acid comprise a vector. In some alternatives, the first nucleic acid further comprises a 

nucleic acid sequence coding for a selectable marker. In some alternatives, the second nucleic 

acid further comprises a nucleic acid coding for a selectable marker. In some alternatives, the 

second nucleic acid further comprises a polynucleotide coding for a chimeric antigen receptor 

comprising a ligand binding domain, wherein the ligand binding domain is specific for a 

ligand, wherein the ligand is a tumor specific molecule, viral molecule, or any other molecule 

expressed on a target cell population, wherein the ligand can elicit recognition, modulation. 

inhibition, and/or elimination by a lymphocyte; a polynucleotide coding for a polypeptide 

spacer, wherein the spacer is optimized; and d) a polynucleotide coding for an intracellular 

signaling domain. In some alternatives, the first promoter is in opposite orientation to the 

second promoter. In some alternatives, the ligand binding domain is an antibody fragment. 

preferably a binding fragment thereof. In sonic alternatives, the tumor specific molecule is 

CDI9, CD20, CD22, CD23, CD123, CS-1, ROR1, CE7, EGFR, hB7I13. mesothelin, c-Met, 

PSMA, Her2, GD-2, or MADE A3 TCR or combinations thereof. In some alternatives, the 

system comprises a) a first nucleic acid comprising a first promoter inducible by a drug. 

wherein the first nucleic acid is operably linked to a polynucleotide coding for a cytokine, a 

chemokine receptor. a polypeptide that regulates apoptosis. or a polypeptide that modulates 

checkpoint signaling; and b) a second nucleic acid comprising a second promoter operably 

linked to nucleic acid coding for a transcriptional activator for the inducible promoter. In 

some alternatives, the second promoter is constitutive or inducible. In some alternatives, the 

second nucleic acid further comprises a polynucleotide coding for chimeric antigen receptor 

comprising a ligand binding domain, wherein the ligand is a tumor specific molecule, viral 
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molecule, or any other molecule expressed on a target cell population, wherein the ligand can 

elicit 	recognition, 	modulation, 	inhibition, 	and/or 	elimination 	by 	a 	lymphocyte; 	a 

polynucleotide coding for a polypeptide spacer, wherein the spacer is optimized; and d) a 

polynucleotide coding for an intracellular signaling domain. In some alternatives, the first 

promoter is in opposite orientation to the second promoter. In some alternatives, the ligand 

binding domain is an antibody fragment, preferably a binding fragment thereof. In some 

alternatives, the ligand binding domain is single chain variable fragment. In some 

alternatives, the tumor specific molecule is CD1 9, CD20, CD22, CD23, CD123, CS-1, 

ROR1, CE7, EGFR, hB7113, mesothelin, c-Met, PSMA, Her2, CD-2, or MATE A3 TCR or 

combinations thereof. In some alternatives, the host cell is a CD8+ T cytotoxic lymphocyte 

cell selected from the group consisting of nave CD8+ T cells, central memory CD8+ T cells, 

effector memory CD8+ T cells and bulk CD8+ T cells. In some alternatives, the host cell is a 

CD4+ T helper lymphocyte cell that is selected from the group consisting of nave CD4+ T 

cells, central memory CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+ T cells. 

In some alternatives, the spacer is optimized for increased 1' cell proliferation and/or cytokine 

production in response to the ligand as compared to a reference chimeric receptor. In some 

alternatives, the host cell is precursor T cell. In some alternatives, the precursor T cell is a 

hematopoietic stem cell. 

100221 	In some alternatives, a composition is provided, wherein the composition 

comprises a host cell in a pharmaceutically acceptable excipient. In some alternatives, the 

host cell comprises a system. In some alternatives, the system comprises a) a first nucleic acid 

comprising a first promoter inducible by a drug, wherein the first nucleic acid is operably 

linked to a polynucleotide coding for a chimeric antigen receptor comprising a ligand binding 

domain, wherein the ligand is a tumor specific molecule, viral molecule, or any other 

molecule expressed on a target cell population, wherein the ligand can elicit recognition, 

modulation, inhibition, and/or elimination by a lymphocyte; a polynucleotide coding for a 

polypeptide spacer, wherein the spacer is optimized; a polynucleotide coding for a 

transmembrane domain: and d) a polynucleotide coding for an intracellular signaling domain; 

and b) a second nucleic acid comprising a second promoter operably linked to nucleic acid 

coding for a transcriptional activator for the inducible promoter. In some alternatives, the 

second promoter is constitutive or inducible. In some alternatives. the drug is tarnoxifen 

and/or its metabolites. In some alternatives, the first promoter comprises a nucleic acid 

sequence of SEQ ID NO: 41. In some alternatives, the second promoter is a constitutive 
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promoter. In some alternatives, the second promoter is the EFlap. In some alternatives, the 

transcriptional activator comprises a sequence of SEQ ID NO: 40. In some alternatives, the 

first nucleic acid further comprises a first vector and the second nucleic acid further 

comprises a second vector. In some alternatives, both vectors are packaged in a viral vector. 

In some alternatives, the viral vector is a lentivirus. In some alternatives, the first and second 

nucleic acid comprise a vector. In some alternatives, the first nucleic acid further comprises a 

nucleic acid sequence coding for a selectable marker. In some alternatives, the second nucleic 

acid further comprises a nucleic acid coding for a selectable marker. In some alternatives, the 

second nucleic acid further comprises a polynucleotide coding for a chimeric antigen receptor 

comprising a ligand binding domain, wherein the ligand is a tumor specific molecule, viral 

molecule, or any other molecule expressed on a target cell population, wherein the ligand can 

elicit 	recognition, 	modulation. 	inhibition, 	and/or 	elimination 	by 	a 	lymphocyte; 	a 

polynucleotide coding for a polypeptide spacer, wherein the spacer is optimized; a 

polynucleotide coding lbr a transmembrane domain; and d) a polynucleotide coding for an 

intracellular signaling domain. In some alternatives, the first promoter is in opposite 

orientation to the second promoter. In some alternatives, the ligand binding domain is an 

antibody fragment. In some alternatives, the tumor specific molecule is CD19, CD20, CD22, 

CD23, CD123, CS-1, ROR1, CE7, EGFR, 11137H3, mcsothelin, c-Met, PSMA, Her2, GD-2. 

or MAGE A3 TCR or combinations thereof. In some alternatives, the system comprises a) a 

first nucleic acid comprising a first promoter inducible by a drug, wherein the first nucleic 

acid is operably linked to a polynucleotide coding for a cytokine, a chemokine receptor, a 

polypeptide that regulates apoptosis, or a polypeptide that modulates checkpoint signaling: 

and b) a second nucleic acid comprising a second promoter operably linked to nucleic acid 

coding for a transcriptional activator for the inducible promoter. In some alternatives, the 

second promoter is constitutive or inducible. In some alternatives, the second nucleic acid 

further comprises a polynucleotide coding for chimeric antigen receptor comprising a ligand 

binding domain, wherein the ligand binding domain is specific for a ligand, wherein the 

ligand is a tumor specific molecule, viral molecule, or any other molecule expressed on a 

target cell population, wherein the ligand can elicit recognition, modulation, inhibition, and/or 

elimination by a lymphocyte: a polynucleotide coding for a polypeptide spacer. wherein the 

spacer is optimized; and d) a polynucleotide coding for an intracellular signaling domain. In 

some alternatives, the first promoter is in opposite orientation to the second promoter. In 

some alternatives, the ligand binding domain is an antibody fragment. preferably a binding 
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fragment thereof. In some alternatives, the ligand binding domain is single chain variable 

fragment In some alternatives, the tumor specific molecule is CD19, CD20, CD22, CD23, 

CD123, CS-1, RORI, CE7, EGFR, hB7H3, mesothelin, c-Met, PSMA, Her2, GD-2, or 

MAGE A3 TCR or combinations thereof. In some alternatives, the host cell is precursor T 

cell. In some alternatives, the precursor T cell is a hematopoietic stem cell. In some 

alternatives, the host cell is a CD8+ T cytotoxic lymphocyte cell selected from the group 

consisting of naive CD8+ T cells, central memory CD8+ T cells, effector memory CD8+ T 

cells and bulk CDS+ T cells. In some alternatives, the host cell is a CD4+ T helper 

lymphocyte cell that is selected from the group consisting of naive CD4+ T cells, central 

memory CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+ T cells. In some 

alternatives, the composition comprises a host cell wherein the host cell is a CD8+ T 

cytotoxic lymphocyte cell selected from the group consisting of naive CD8+ T cells, central 

memory CD8+ T cells, effector memory CD8+ T cells and bulk CD8+ T cells and further 

comprises another host cell wherein the host cell is a CD4+ T helper lymphocyte cell that is 

selected from the group consisting of naive CD4+ T cells, central memory• CD4+ 'r cells, 

effector memory CD4+ T cells, and bulk CD4+ T cells. In some alternatives, the host cell is 

precursor T cell. In some alternatives, the precursor T cell is a hematopoietic stem cell. In 

some alternatives, the spacer is optimized for increased I cell proliferation and/or cytokine 

production in response to the ligand as compared to a reference chimeric receptor. In some 

alternatives, the composition comprises a host cell wherein the host cell is a CD8+ T 

cytotoxic lymphocyte cell selected from the group consisting of naive CD8+ T cells, central 

memory CD8+ T cells, effector memory CD8+ T cells and bulk CD8+ T cells or the host cell 

is a CD4+ T helper lymphocyte cell that is selected from the group consisting of naïve CD4+ 

T cells, central memory CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+ T cells 

and a second host cell. wherein the second host cell is a precursor T cell or a hematopoietic 

stem cell. 

[00231 	In some alternatives, an in vitro method for preparing a host cell is 

provided wherein the method comprises a) providing a system and b) introducing the system 

into a separate isolated T lymphocyte population and expanding each T lymphocyte 

population in vitro. In some alternatives, the system comprises a) a first nucleic acid 

comprising a first promoter inducible by a drug, wherein the first nucleic acid is operably 

linked to a polynucicotide coding for a chimeric antigen receptor comprising a ligand binding 

domain, wherein the ligand binding domain is specific for a ligand, wherein the ligand is a 
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tumor specific molecule, viral molecule, or any other molecule expressed on a target cell 

population, 	wherein 	the ligand 	can 	elicit recognition, 	modulation, inhibition, and/or 

elimination by a lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the 

spacer is optimized; a polynucleotide coding for a transmembrane domain; and d) a 

polynucleotide coding for an intracellular signaling domain; and b) a second nucleic acid 

comprising a second promoter operably linked to nucleic acid coding for a transcriptional 

activator for the inducible promoter. In some alternatives, the second promoter is constitutive 

or inducible. In some alternatives, the drug is tamoxifen and/or its metabolites. In some 

alternatives, the second promoter is constitutive or inducible. In some alternatives, the first 

promoter comprises a nucleic acid sequence of SEQ ID NO: 41. In some alternatives, the 

second promoter is a constitutive promoter. In some alternatives, the second promoter is the 

EFlap. In some alternatives, the transcriptional activator comprises a sequence of SEQ ID 

NO: 40. In some alternatives, the first nucleic acid further comprises a first vector and the 

second nucleic acid further comprises a second vector. In some alternatives, both vectors are 

packaged in a viral vector. In some alternatives, the viral vector is a lentivirus. In some 

alternatives, the first and second nucleic acid comprise a vector. In some alternatives, the first 

nucleic acid further comprises a nucleic acid sequence coding for a selectable marker. In 

some alternatives, the second nucleic acid further comprises a nucleic acid coding for a 

selectable marker. In some alternatives, the second nucleic acid further comprises a 

polynucleotide coding for a chimeric antigen receptor comprising a ligand binding domain, 

wherein the ligand binding domain is specific for a ligand, wherein the ligand is a tumor 

specific molecule, viral molecule, or any other molecule expressed on a target cell population, 

wherein the ligand can elicit recognition, modulation, inhibition. and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer. wherein the spacer is 

optimized; a polynucleotide coding for a transmembrane domain; and d) a polynucleotide 

coding for an intracellular signaling domain. In some alternatives, the first promoter is in 

opposite orientation to the second promoter. In some alternatives, the ligand binding domain 

is an antibody fragment, preferably a binding fragment thereof. In sonic alternatives, the 

tumor specific molecule is CD19, CD20, CD22, CD23, CD123, CS-1, RORI, CE7, EGFR, 

hB7H3, mesothelin, c-Met, PSMA, Her2, GD-2, or MAGE A3 TCR or combinations thereof. 

In some alternatives, the system comprises a) a first nucleic acid comprising a first promoter 

inducible by a drug, wherein the first nucleic acid is operably linked to a polynucleotide 

coding for a cytokine, a chemokinc receptor, a polypeptide that regulates apoptosis, or a 
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polypeptide that modulates checkpoint signaling; and b) a second nucleic acid comprising a 

second promoter operably linked to nucleic acid coding for a transcriptional activator for the 

inducible promoter. In some alternatives, the second promoter is constitutive or inducible. In 

some alternatives, the second nucleic acid further comprises a polynucleotide coding for 

chimeric antigen receptor comprising a ligand binding domain, wherein the ligand is a tumor 

specific molecule, viral molecule, or any other molecule expressed on a target cell population, 

wherein the ligand can elicit recognition, modulation, inhibition, and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer. wherein the spacer is 

optimized; a polynucleotide coding for a transmembrane domain; and d) a polynucleotide 

coding for an intracellular signaling domain. In some alternatives, the first promoter is in 

opposite orientation to the second promoter. In some alternatives, the ligand binding domain 

is an antibody fragment, preferably a binding fragment thereof. In some alternatives, the 

ligand binding domain is single chain variable fragment. In some alternatives, the tumor 

specific molecule is CD19, CD20, CD22, CD23. CD123, CS-1, ROR1, CE7, EGFR, hR7H3, 

mesothelin, c-Met, PSMA, Her2, GD-2, or MAGE A3 TCR or combinations thereof. In some 

alternatives, wherein the T lymphocytes are expanded, the method further comprises culturing 

the cells in the presence of anti-CD3 and/or anti CD28, and at least one homeostatic cytokine 

until the cells expand sufficiently for use as a cell infusion. In some alternatives, the 

lymphocyte is CD8+ or CD4+. In some alternatives, the spacer is optimized for increased T 

cell proliferation and/or cytokine production in response to the ligand as compared to a 

reference chimeric receptor. In some alternatives, the host cell is precursor T cell. In some 

alternatives, the precursor T cell is a hematopoietic stem cell. 

100241 In some alternatives, a use of a host cell or a composition in combination 

with a drug that induces expression of a transgene in the host cell or composition for the 

treatment of cancer or a viral infection is provided. In some alternatives, the host cell 

comprises a system. In some alternatives, the system comprises a) a first nucleic acid 

comprising a first promoter inducible by a drug, wherein the first nucleic acid is operably 

linked to a polynucleotide coding for a chimeric antigen receptor comprising a ligand binding 

domain, wherein the ligand binding domain is specific for a ligand, wherein the ligand is a 

rumor specific molecule, viral molecule, or any other molecule expressed on a target cell 

population, 	wherein the 	ligand 	can 	elicit recognition, 	modulation, inhibition, and/or 

elimination by a lymphocyte; a polynucleotide coding for a polypeptidc spacer, wherein the 

spacer is optimized; a polynucleotide coding for a transmembrane domain; and d) a 
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polynucleotide coding for an intracellular signaling domain; and h) a second nucleic acid 

comprising a second promoter operably linked to nucleic acid coding for a transcriptional 

activator for the inducible promoter. In some alternatives, the second promoter is constitutive 

or inducible. In some alternatives, the drug is tamoxifen and/or its metabolites. In some 

alternatives, the first promoter comprises a nucleic acid sequence of SEQ ID NO: 41. In some 

alternatives, the second promoter is a constitutive promoter. Li some alternatives, the second 

promoter is the EFlap. In some alternatives, the transcriptional activator comprises a 

sequence of SEQ ID NO: 40. In some alternatives, the first nucleic acid further comprises a 

first vector and the second nucleic acid further comprises a second vector. In some 

alternatives, both vectors are packaged in a viral vector. In some alternatives, the viral vector 

is a lentivirus. In some alternatives, the first and second nucleic acid comprise a vector. In 

some alternatives, the first nucleic acid further comprises a nucleic acid sequence coding for a 

selectable marker. In some alternatives, the second nucleic acid further comprises a nucleic 

acid coding for a selectable marker. In some alternatives, the second nucleic acid further 

comprises a polynucleotide coding for a chimeric antigen receptor comprising a ligand 

binding domain, wherein the ligand binding domain is specific for a ligand, wherein the 

ligand is a tumor specific molecule, viral molecule, or any other molecule expressed on a 

target cell population, wherein the ligand can elicit recognition, modulation, inhibition, and/or 

elimination by a lymphocyte; a polynucleoride coding for a polypeptide spacer, wherein the 

spacer is optimized; and d) a polynucleotide coding for an intracellular signaling domain. In 

some alternatives, the first promoter is in opposite orientation to the second promoter. In 

some alternatives, the ligand binding domain is an antibody fragment. In some alternatives. 

the tumor specific molecule is CD19, CD20, CD22. CD23, CD123. CS-1, ROR1, CE7. 

EGFR.h1371-13, mesothelin, c-Met, PSMA. Her2, GD-2, or MAGE A3 TCR or combinations 

thereof. In some alternatives, the system comprises a) a first nucleic acid comprising a first 

promoter inducible by a drug, wherein the first nucleic acid is operably linked to a 

polynucleotide coding for a cytokine, a chemokine receptor, a polypeptide that regulates 

apoptosis, or a polypeptide that modulates checkpoint signaling; and b) a second nucleic acid 

comprising a second promoter operably linked to nucleic acid coding for a transcriptional 

activator for the inducible promoter. In some alternatives, the second promoter is constitutive 

or inducible. In some alternatives, the second nucleic acid further comprises a polynucleotide 

coding for chimeric antigen receptor comprising a ligand binding domain, wherein the ligand 

is a tumor specific molecule, viral molecule, or any other molecule expressed on a target cell 
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population, 	wherein the 	ligand 	can 	elicit 	recognition, 	modulation, 	inhibition, 	and/or 

elimination by a lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the 

spacer is optimized; and d) a polynucleotide coding for an intracellular signaling domain. In 

some alternatives, the first promoter is in opposite orientation to the second promoter. In 

some alternatives, the ligand binding domain is an antibody fragment, preferably a binding 

fragment thereof. In some alternatives. the ligand binding domain is single chain variable 

fragment. In some alternatives, the tumor specific molecule is CI)19, CI)20, CD22, CD23, 

CD123, CS-1, ROR1, CE7, EGFR, hB7H3, mesothelin, c-Met, PSMA, Her2, GD-2, or 

MAGE A3 TCR or combinations thereof. In some alternatives, the host cell is a CD8+ T 

cytotoxic lymphocyte cell selected from the group consisting of nave CD8+ T cells, central 

memory CD8+ T cells, effector memory CD8+ T cells and bulk CD8+ T cells. In some 

alternatives, the host cell is a CD4+ T helper lymphocyte cell that is selected from the group 

consisting of naive CD4+ T cells, central memory CD4+ T cells, effector memory CD4+ T 

cells, and bulk CD4+ T cells. In some alternatives, the cells are precursor T cells. In some 

alternatives, the cells are hematopoictic stem cells. In some alternatives, the composition 

comprises a host cell in a pharmaceutically acceptable excipient. In some alternatives, the 

host cell comprises a system. In some alternatives, the system comprises a) a first nucleic acid 

comprising a first promoter inducible by a drug, wherein the first nucleic acid is operably 

linked to a polynucleotide coding for a chimeric antigen receptor comprising a ligand binding 

domain, wherein the ligand binding domain is specific for a ligand. wherein the ligand is a 

tumor specific molecule, viral molecule, or any other molecule expressed on a target cell 

population, 	wherein 	the 	ligand 	can 	elicit 	recognition, 	modulation, 	inhibition, 	and/or 

elimination by a lymphocyte; a polynucleotide coding for a polypeptide spacer. wherein the 

spacer is optimized; and b) a second nucleic acid comprising a second promoter operably 

linked to nucleic acid coding for a transcriptional activator for the inducible promoter. In 

some alternatives, the second promoter is constitutive or inducible. In some alternatives, the 

drug is tamoxifen and/or its metabolites. In some alternatives, the first promoter comprises a 

nucleic acid sequence of SEQ ID NO: 41. In some alternatives, the second promoter is a 

constitutive promoter. In some alternatives, the second promoter is the EFlap. In some 

alternatives, the transcriptional activator comprises a sequence of SEQ ID NO: 40. In some 

alternatives, the first nucleic acid further comprises a first vector and the second nucleic acid 

further comprises a second vector. In some alternatives, both vectors are packaged in a viral 

vector. In some alternatives, the viral vector is a lentivirus. In some alternatives. the first and 
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second nucleic acid comprise a vector. In some alternatives, the first nucleic acid further 

comprises a nucleic acid sequence coding for a selectable marker. In some alternatives, the 

second nucleic acid further comprises a nucleic acid coding for a selectable marker. In some 

alternatives, the second nucleic acid further comprises a polynucleotide coding for a chimeric 

antigen receptor comprising a ligand binding domain, wherein the ligand binding domain is 

specific for a ligand, wherein the ligand is a tumor specific molecule, viral molecule, or any 

other molecule expressed on a target cell population, wherein the ligand can elicit 

recognition, modulation, inhibition, and/or elimination by a lymphocyte; a polynucleotide 

coding for a polypeptide spacer, wherein the spacer is optimized; and d) a polynucleotide 

coding for an intracellular signaling domain. In some alternatives, the first promoter is in 

opposite orientation to the second promoter. In some alternatives, the ligand binding domain 

is an antibody fragment, preferably a binding fragment thereof. In some alternatives, the 

tumor specific molecule is CD19, CD20, CD22, CD23, CD123, CS-1, ROR1, CE7, EGFR, 

hB7H3, mesothelin, c-Met, PSMA, Her2, GD-2, or MAGE A3 TCR or combinations thereof. 

In some alternatives, the system comprises a) a first nucleic acid comprising a first promoter 

inducible by a drug. wherein the first nucleic acid is operably linked to a polynucleotide 

coding for a cytokine, a chemokine receptor, a polypeptide that regulates apoptosis, or a 

polypeptide that modulates checkpoint signaling; and b) a second nucleic acid comprising a 

second promoter operably linked to nucleic acid coding for a transcriptional activator for the 

inducible promoter. In some alternatives, the second promoter is constitutive or inducible. In 

some alternatives, the second nucleic acid further comprises a polynucleotide coding for a 

chimeric antigen receptor comprising a ligand binding domain, wherein the ligand is a tumor 

specific molecule, viral molecule, or any other molecule expressed on a target cell population, 

wherein the ligand can elicit recognition, modulation, inhibition, and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the spacer is 

optimized; and d) a polynucleotide coding for an intracellular signaling domain. In some 

alternatives, the first promoter is in opposite orientation to the second promoter. In some 

alternatives, the ligand binding domain is an antibody fragment. preferably a binding 

fragment thereof. In some alternatives, the ligand binding domain is single chain variable 

fragment. In some alternatives, the tumor specific molecule is CDI 9, CI)20, CD22, CD23, 

CD123, CS-1, ROR I, CE7, EGFR, hB7H3, mesothelin, c-Met. PSMA, Her2. GD-2, or 

MAGE A3 TCR or combinations thereof. In some alternatives, the host cell is a CD8+ T 

cytotoxic lymphocyte cell selected from the group consisting of naïve CD8+ 1' cells, central 
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memory CD8+ T cells, effector memory CD8+ T cells and bulk CD8+ T cells. In some 

alternatives, the host cell is a CD4+ T helper lymphocyte cell that is selected from the group 

consisting of naive CD4+ T cells, central memory CD4+ T cells, elTector memory CD4+ I 

cells, and bulk CD4+ T cells. In some alternatives, the composition comprises a host cell 

wherein the host cell is a CD8— T cytotoxic lymphocyte cell selected from the group 

consisting of naïve CD8+ T cells, central memory CD8+ T cells, effector memory CD8+ T 

cells and bulk CD8+ T cells and another host cell wherein the host cell is a CD4+ T helper 

lymphocyte cell that is selected from the group consisting of naïve CD4+ T cells, central 

memory CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+ T cells. In some 

alternatives, the cancer is a solid tumor or hematologic malignancy. In some alternatives, the 

solid tumor is selected from the group consisting of a breast cancer, brain cancer, lung cancer. 

colon cancer, renal cancer, pancreatic cancer, prostate cancer, and ovarian cancer. In some 

alternatives, the spacer is optimized for increased T cell proliferation and/or cytokine 

production in response to the ligand as compared to a reference chimeric receptor. In some 

alternatives, the host cell is precursor I cell. In some alternatives, the precursor T cell is a 

hematopoietic stem cell. In some alternatives, the host cell is precursor T cell. In some 

alternatives, the precursor T cell is a hematopoietic stem cell. In some alternatives, the spacer 

is optimized for increased T cell proliferation and/or cytokine production in response to the 

ligand as compared to a reference chimeric receptor. In some alternatives. the composition 

comprises a host cell wherein the host cell is a CD8+ T cytotoxic lymphocyte cell selected 

from the group consisting of naïve CD8+ T cells, central memory CD8+ T cells, effector 

memory CD8+ 'I' cells and bulk CD8+ I cells or the host cell is a CD4+ T helper lymphocyte 

cell that is selected from the group consisting of naive CD4+ T cells, central memory CD4+ T 

cells, effector memory CD4+ T cells, and bulk CD4+ T cells and a second host cell, wherein 

the second host cell is a precursor '1 cell or a hematopoietic stem cell. 

[00251 	In some alternatives, a method of performing cellular immunotherapy in a 

subject having cancer or a viral infection is provided wherein the method comprises 

administering a composition or a host cell to the subject and administering a drug that induces 

expression of a transgene in the composition or the host cells. In some alternatives, the host 

cell comprises a system. In some alternatives, the system comprises a) a first nucleic acid 

comprising a first promoter inducible by a drug, wherein the first nucleic acid is operably 

linked to a polynucleotide coding for a chimeric antigen receptor comprising a ligand binding 

domain, wherein the ligand binding domain is specific for a ligand, wherein the ligand is a 
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tumor specific molecule, viral molecule, or any other molecule expressed on a target cell 

population, 	wherein the 	ligand can elicit recognition, modulation, inhibition, and/or 

elimination by a lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the 

spacer is optimized; a polynucleotide coding for a transmembrane domain; and d) a 

polynucleotide coding for an intracellular signaling domain; and b) a second nucleic acid 

comprising a second promoter operably linked to nucleic acid coding for a transcriptional 

activator for the inducible promoter. In some alternatives, the second promoter is constitutive 

or inducible. In some alternatives, the drug is tamoxifen and/or its metabolites. In some 

alternatives, the first promoter comprises a nucleic acid sequence of SEQ ID NO: 41. In some 

alternatives, the second promoter is a constitutive promoter. In some alternatives, the second 

promoter is the Ell ap. In some alternatives, the transcriptional activator comprises a 

sequence of SEQ ID NO: 40. In some alternatives, the first nucleic acid further comprises a 

first vector and the second nucleic acid further comprises a second vector. In some 

alternatives, both vectors are packaged in a viral vector. In some alternatives, the viral vector 

is a lentivirus. In some alternatives, the first and second nucleic acid comprise a vector. In 

some alternatives, the first nucleic acid further comprises a nucleic acid sequence coding for a 

selectable marker. In some alternatives, the second nucleic acid further comprises a nucleic 

acid coding for a selectable marker. In some alternatives, the second nucleic acid further 

comprises a polynucleotide coding for a chimeric antigen receptor comprising a ligand 

binding domain, wherein the ligand binding domain is specific for a ligand, wherein the 

ligand is a tumor specific molecule, viral molecule, or any other molecule expressed on a 

target cell population, wherein the ligand can elicit recognition, modulation, inhibition, and/or 

elimination by a lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the 

spacer is optimized; and d) a polynucleotide coding for an intracellular signaling domain. In 

some alternatives, the first promoter is in opposite orientation to the second promoter. In 

some alternatives, the ligand binding domain is an antibody fragment, preferably a binding 

fragment thereof. In some alternatives, the tumor specific molecule is CD19, CD20, CD22, 

CD23, CD123, CS-1, ROR1, CE7, EGFR, hB7H3, mesothelin, c-Met, PSMA, Her2, GD-2, 

or MAGE A3 TCR or combinations thereof. In some alternatives, the system comprises a) a 

first nucleic acid comprising a first promoter inducible by a drug. wherein the first nucleic 

acid is operably linked to a polynucleotide coding for a cytokine, a chemokine receptor, a 

polypeptide that regulates apoptosis, or a polypeptide that modulates checkpoint signaling: 

and b) a second nucleic acid comprising a second promoter operably linked to nucleic acid 
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coding for a transcriptional activator for the inducible promoter. In some alternatives, the 

second promoter is constitutive or inducible. In some alternatives, the second nucleic acid 

further comprises a polynucleotide coding for a chimeric antigen receptor comprising a ligand 

binding domain, wherein the ligand is a tumor specific molecule, viral molecule, or any other 

molecule expressed on a target cell population, wherein the ligand can elicit recognition, 

modulation, inhibition, and/or elimination by a lymphocyte; a polynucleotide coding for a 

polypeptide spacer, 	wherein the spacer is optimized; a polynucleotide coding for a 

transmembrane domain; and d) a polynucleotide coding for an intracellular signaling domain. 

In some alternatives, the first promoter is in opposite orientation to the second promoter. In 

some alternatives, the ligand binding domain is an antibody fragment, preferably a binding 

fragment thereof. In some alternatives, the ligand binding domain is single chain variable 

fragment. In some alternatives, the tumor specific molecule is CD19, CD20, CD22, CD23, 

CD123, CS-1, ROR1, CE7, EGFR, hB7H3, mesothelin, c-Met, PSMA, Her2, GD-2, or 

MAGE A3 TCR or combinations thereof. In some alternatives, the host cell is a CD8+ T 

cytotoxic lymphocyte cell selected from the group consisting of naive CD8+ 1' cells, central 

memory CD8+ T cells, effector memory CD8+ T cells and bulk CD8+ T cells. In some 

alternatives, the host cell is a CD4+ T helper lymphocyte cell that is selected from the group 

consisting of naive CD4+ T cells, central memory CD4+ T cells, effector memory CD4+ T 

cells, and bulk CD4+ T cells. In some alternatives, the composition comprises a host cell in a 

pharmaceutically acceptable excipient. In some alternatives, the host cell comprises a system. 

In some alternatives, the system comprises a) a first nucleic acid comprising a first promoter 

inducible by a drug, wherein the first nucleic acid is operably linked to a polynucleotide 

coding for a chimeric antigen receptor comprising a ligand binding domain, wherein the 

ligand binding domain is specific for a ligand, wherein the ligand is a tumor specific 

molecule, viral molecule, or any other molecule expressed on a target cell population. 

wherein the ligand can elicit recognition, modulation, inhibition, and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the spacer is 

optimized; and b) a second nucleic acid comprising a second promoter operably linked to 

nucleic acid coding for a transcriptional activator for the inducible promoter. In some 

alternatives, the second promoter is constitutive or inducible. In some alternatives, the drug is 

tamoxifen and/or its metabolites. In some alternatives, the first promoter comprises a nucleic 

acid sequence of SEQ ID NO: 41. In some alternatives, the second promoter is a constitutive 

promoter. In some alternatives, the second promoter is the EF l ap. In some alternatives. the 
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transcriptional activator comprises a sequence of SEQ ID NO: 40. In some alternatives, the 

first nucleic acid further comprises a first vector and the second nucleic acid further 

comprises a second vector. In some alternatives, both vectors are packaged in a viral vector. 

In some alternatives, the viral vector is a lentivirus. In some alternatives, the first and second 

nucleic acid comprise a vector. In some alternatives, the first nucleic acid further comprises a 

nucleic acid sequence coding for a selectable marker. In some alternatives, the second nucleic 

acid further comprises a nucleic acid coding for a selectable marker. In some alternatives, the 

second nucleic acid further comprises a polynucleotide coding for a chimeric antigen receptor 

comprising a ligand binding domain, wherein the ligand binding domain is specific for a 

ligand, wherein the ligand is a tumor specific molecule, viral molecule, or any other molecule 

expressed on a target cell population. wherein the ligand can elicit recognition, modulation, 

inhibition, and/or elimination by a lymphocyte; a polynucleotide coding for a polypeptide 

spacer, wherein the spacer is optimized; and d) a polynucleotide coding for an intracellular 

signaling domain. In some alternatives, the first promoter is in opposite orientation to the 

second promoter. In some alternatives, the ligand binding domain is an antibody fragment. 

preferably a binding fragment thereof. In some alternatives, the tumor specific molecule is 

CD19, CD20, CD22, CD23, CD123, CS-1, ROR1, CE7, EGFR, hB7113, mesothelin, c-Met, 

PSMA, Her2, GD-2, or MAGE A3 TCR or combinations thereof. In some alternatives, the 

system comprises a) a first nucleic acid comprising a first promoter inducible by a drug. 

wherein the first nucleic acid is operably linked to a polynucleotide coding for a cytokine, a 

chemokine receptor, a polypeptide that regulates apoptosis, or a polypeptide that modulates 

checkpoint signaling; and b) a second nucleic acid comprising a second promoter operably 

linked to nucleic acid coding for a transcriptional activator for the inducible promoter. in 

some alternatives, the second promoter is constitutive or inducible. In some alternatives, the 

second nucleic acid further comprises a polynucleotide coding for a chimeric antigen receptor 

comprising a ligand binding domain, wherein the ligand is a tumor specific molecule, viral 

molecule, or any other molecule expressed on a target cell population, wherein the ligand can 

elicit 	recognition, 	modulation, 	inhibition, 	and/or 	elimination 	by 	a 	lymphocyte; 	a 

polynucleotide coding for a polypeptide spacer, wherein the spacer is optimized; and d) a 

polynucleotide coding for an intracellular signaling domain. In some alternatives, the first 

promoter is in opposite orientation to the second promoter. In some alternatives, the ligand 

binding domain is an antibody fragment, preferably a binding fragment thereof. In some 

alternatives, 	the 	ligand 	binding 	domain 	is 	single 	chain 	variable 	fragment. 	In some 
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alternatives, the tumor specific molecule is CD19, CD20, CD22, CD23, CD123, CS-1, 

ROR1, CE7, EGFR, hB7H3, mesothelin, c-Met, PSMA, Her2, GD-2, or MAGE A3 TCR or 

combinations thereof. In some alternatives, the host cell is a CD8+ T cytotoxic lymphocyte 

cell selected from the group consisting of naïve CD8+ T cells, central memory CD8+ T cells, 

effector memory CD8+ T cells and bulk CD8+ T cells. In some alternatives, the host cell is a 

CD4+ T helper lymphocyte cell that is selected from the group consisting of naive CD4+ T 

cells, central memory CD4+ 'I' cells, effector memory CD4+ T cells, and bulk CD4+ T cells. 

In some alternatives, the composition comprises a host cell wherein the host cell is a CD8+ T 

cytotoxic lymphocyte cell selected from the group consisting of naive CD8+ T cells, central 

memory CD8+ T cells, effector memory CD8+ T cells and bulk CD8+ T cells and another 

host cell wherein the host cell is a CD4+ T helper lymphocyte cell that is selected from the 

group consisting of naive CD4+ T cells, central memory CD4+ T cells, effector memory 

CD4+ T cells, and bulk CD4+ T cells. In some alternatives, the host cell is precursor T cell. 

In some alternatives. the precursor T cell is a hematopoietic stem cell. In some alternatives, 

the spacer is optimized for increased I cell proliferation and/or cytokine production in 

response to the ligand as compared to a reference chimeric receptor. In some alternatives, the 

composition comprises a host cell wherein the host cell is a CD8+ T cytotoxic lymphocyte 

cell selected from the group consisting of naive CD8+ T cells, central memory CD8+ T cells, 

effector memory CD8+ T cells and bulk CD8+ T cells or the host cell is a CD4+ T helper 

lymphocyte cell that is selected from the group consisting of naïve CD4+ T cells, central 

memory CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+ T cells and a second 

host cell, wherein the second host cell is a precursor T cell or a hematopoietic stem cell. In 

some alternatives, the cancer is selected from a solid tumor or hematologic malignancy. In 

some alternatives, the solid tumor is selected from the group consisting of a breast cancer, 

brain cancer, lung cancer, colon cancer, renal cancer, pancreatic cancer, prostate cancer, and 

ovarian cancer. In some alternatives, the spacer is optimized for increased T cell proliferation 

and/or cytokine production in response to the ligand as compared to a reference chimeric 

receptor. In some alternatives, the host cell is a precursor T cell. In some alternatives, the 

precursor T cell is a hematopoietic stem cell. In some alternatives, the isolated T lymphocyte 

population comprises precursor T cells. In some alternatives, the precursor '1 cells are 

hematopoietic stem cells. In some alternatives, the administering of the drug is performed 

after administering of the composition or host cells, wherein administering is performed 1 
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day, 2 days. 3 days, 4 days, 5 days, 6 days, 7 days, 2 weeks, 4 weeks or two months, or any 

time in between any two values of time listed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

100261 	Figure lA shows the expression of ZsGreen and EGFRt as determined by 

flow cytometry in Jurkat cells transduced with a dual plasmid lentiviral construct including 

constructs A and B in the presence or absence of 4 hydroxy tamoxifen (40HT). The results 

show the expression of EGFRt in the presence or absence of 4-01IT indicating the cells carry 

construct A. The results also show that the cells carry construct B as expression of ZsGreen is 

induced in the presence of 4-OHT. Figure 1B shows construct A, which comprises the 

constitutive promoter EFlap linked to TamR-tf (HEA3) linked to EGFRt, and construct B 

comprising a synthetic promoter 7xHEID/mElb linked to a polynucleotide coding for 

ZsGreen. 

100271 	Figure 2 shows the expression of ZsGreen in transduced Jurkat cells 

contacted with different doses of 4-OHT ranging from 50 to 1000nM. 

100281 	Figure 3 shows the on and off rate kinetics of expression of ZsGreen in 

transduced Jurkat cells with a single 48 hour treatment of 4-UHT followed by a washout (c) 

and tranduced Jurkat cells with a 24 hour treatment of 4-OHT followed by washout and then 

a re-stimulation with 4-OHT at day 15 (s). 

100291 	Figure 4A-D shows the expression of ZsGreen in CD4 central memory 

cells transduced with dual package lentiviral constructs A and B. Cells were divided into 3 

treatment groups, 40HT alone (Figure 4A), 401IT combined with CD3/CD28 bead co-

treatment (Figure 4B) or 40HT alone for 48 hours, followed by addition of CD3/CD28 beads 

(Figure 4C). Expression of ZsGreen was monitored over 96 hours. Figure 4D shows 

construct A, which comprises the constitutive promoter EFlap linked to TamR-tf (HEA3) 

linked to EGFRt, and construct B comprising a synthetic promoter 7xHBD/mElb linked to a 

polynucleotide coding for ZsGreen. 

100301 	Figures 5A-C shows the expression of ZsGrecn in CD8 central memory 

cells transduced with dual package lentiviral constructs A and B as shown in Figure 4. Cells 

were divided into 3 treatment groups, 40HT alone (Figures 5A), 40HT combined with 

CD3/CD28 bead co-treatment (Figures 5B) or 40HT alone for 48 hours, followed by 

addition of CD3/CD28 beads (Figures SC). Expression of ZsGreen was monitored over 72 

hours. 
24 



(00311 	Figure 6A shows expression of EGFRt and Her2t in Human Jurkat T cells 

transduced with constructs A and B as shown in Figure 6C. Expression of EGFRt and Her2t 

were monitored in the presence or absence of 4OHT. Samples were stained with EGFRt-APC 

antibody and Herceptin-biotin, followed by SA-PE. Figure 6B shows a western blot of 

parental Jurkat cells and transduced CDI9CAR transduced cells stained with mouse 

antiCD247 which recognizes the intracellular CD3 zeta chain on CDI 9 CAR (about 48 kDA), 

the endogenous CD3 zeta chain has migrates at 23 kDA. The endogenous CD3 zeta chain was 

detected in all of the cells. The CDI9 CAR CD3 zeta chain was only detected in transduced 

Jurkat cells exposed to 4-01IT. Figure 6C shows construct A, which comprises the 

constitutive promoter EF1 ap linked to TamR-tf (HEA3) linked to EGFRt, and construct B 

comprising a synthetic promoter 7xHBD/mElb linked to a polynucleotide coding for 

CD19CAR linked to a polynucleotide coding for Hera. 

[0032J 	Figure 7A shows expression of EGFRt and Her2t in Human Jurkat T cells 

transduced with TamR CDI9CAR LV including an additional selective marker, DHFRdm in 

the presence or absence of 4OHT. Expression of EGFRt and I ler2t were monitored in the 

presence or absence of 4OHT. Samples were stained with EGFRt-APC antibody and 

Herceptin-biotin, followed by SA-PE. Figure 7B shows a western blot of parental Jurkat cells 

and transduced CDI9CAR transduced cells stained with mouse antiCD247 which recognizes 

the intracellular CD3 zeta chain on CD19 CAR (about 48 kDA), the endogenous CD3 zeta 

chain has migrates at 23 kDA. The endogenous CD3 zeta chain was detected in all of the 

cells. The CDI9 CAR CD3 zeta chain was only detected in transduced Jurkat cells exposed to 

4-0HT. Figure IC shows construct A, which comprises the constitutive promoter EFI ap 

linked to TamR-tf(HEA3) linked to EGFRt, and construct B comprising a synthetic promoter 

7xHBD/mElb linked to a polynucleotide coding for CDI9CAR linked to a polynucleotide 

coding for Her2t linked to a polynucleotide coding for DHFRdm. 

10033i 	Figure 8A shows expression of EGFRt and Her2t in Human CD4 central 

memory T cells transduced with TamR CDI9CAR LV including an additional selective 

marker, DHFRdm in the presence or absence of 4OHT and antiCD3/CD28 beads. Expression 

of EGFRt and Hcr2t were monitored in the presence or absence of 4OHT and in the presence 

or absence of antiCD3/CD28 beads. Samples were stained with EGFRt-APC antibody and 

Herceptin-biotin. followed by SA-PE. Figure SB shows construct A, which comprises the 

constitutive promoter EFlap linked to TamR-tf(HFA3) linked to EGFRt, and construct B 

comprising a synthetic promoter 7x1IBD/mEl b linked to a polynucleotide coding for 
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CDI9CAR linked to a polynucleotide coding for Her2t linked to a polynucleotide coding for 

DHFRdm. 

DETAILED DESCRIPTION 

Definitions. 

100341 	Unless defined otherwise, all technical and scientific terms used herein 

have the same meaning as commonly understood by one of ordinary skill in the art to which 

the invention pertains. 

100351 	"About" as used herein when referring to a measurable value is meant to 

encompass variations of ±20% or ±10%. more preferably *5%, even more preferably ±1%, 

and still more preferably ±0.1 % from the specified value. 

100361 	Antigen" or "Ag" as used herein refers to a molecule that provokes an 

immune response. 'Ibis immune response  can involve either antibody production, or the 

activation of specific immunologically-competent cells, or both. It is readily apparent that an 

antigen can be generated synthesized, produced recombinantly or can be derived from a 

biological sample. Such a biological sample can include, but is not limited to a tissue sample, 

a tumor sample, a cell or a biological fluid such, for example, blood, plasma or ascites fluid. 

100371 	"Anti-tumor effect" as used herein, refers to a biological effect, which can 

be manifested by a decrease in tumor volume, a decrease in the number of tumor cells, a 

decrease in the number of metastases, an increase in life expectancy, or a decrease of various 

physiological symptoms associated with the cancerous condition. An "anti-tumor effect" can 

also be manifested by a decrease in recurrence or an increase in the time before recurrence. 

100381 	"Chimeric receptor" as used herein refers to a synthetically designed 

receptor comprising a ligand binding domain of an antibody or other protein sequence that 

binds to a molecule associated with the disease or disorder and is linked via a spacer domain 

to one or more intracellular signaling domains of a T cell or other receptors, such as a 

costimulatory domain. Chimeric receptor can also be referred to as artificial T cell receptors. 

chimeric T cell receptors, chimeric immunoreceptors, and chimeric antigen receptors (CARs). 

These CARS are engineered receptors that can graft an arbitrary specificity onto an immune 

receptor cell. The term Chimeric antigen receptors or "CARs" are also considered by some 

investigators to include the antibody or antibody fragment. the spacer, signaling domain, and 

transmembrane region. However, due to the surprising effects of modifying the different 

components or domains of the CAR described herein, such as the epitope binding region (for 
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example, antibody fragment, scFv, or portion thereof), spacer, transmembrane domain, and/ 

or signaling domain), the components of the CAR are frequently distinguished throughout 

this disclosure in terms of independent elements. The variation of the different elements of 

the CAR can, for example, lead to stronger binding affinity for a specific epitope or antigen. 

"Co-stimulatory domain," as the term is used herein refers to a signaling moiety that provides 

to T cells a signal which, in addition to the primary signal provided by for instance the CD3 

zeta chain of the TCR/CD3 complex, mediates a T cell response, including, but not limited to, 

activation, proliferation, differentiation, cytokine secretion, and the like. A co-stimulatory 

domain can include all or a portion of, but is not limited to, CD27, CD28, 4-1BB, OX40, 

CD30, CD40„ ICOS, lymphocyte function-associated antigen-I (LFA-l), CD2, CD7, LIGHT, 

NKG2C, B7-H3, or a ligand that specifically binds with CD83. In some alternatives, the co-

stimulatory domain is an intracellular signaling domain that interacts with other intracellular 

mediators to mediate a cell response including activation, proliferation, differentiation and 

cytokine secretion, and the like. 	"Coding for" are used herein refers to the property of 

specific sequences of nucleotides in a polynucleotide, such as a gene, a cONA, or an mRNA, 

to serve as templates for synthesis of other macromolecules such as a defined sequence of 

amino acids. Thus, a gene codes for a protein if transcription and translation of mRNA 

corresponding to that gene produces the protein in a cell or other biological system. A 

"nucleic acid sequence coding for a polypeptide" includes all nucleotide sequences that are 

degenerate versions of each other and that code for the same amino acid sequence. 

100391 	"Conditional" or "Inducible" as used herein refer to the nucleic acid 

construct that includes a promoter that provides for gene expression in the presence of an 

inducer and does not substantially provide for gene expression in the absence of the inducer. 

(0040J 	"Constitutive" as used herein refer to the nucleic acid construct that 

includes a promoter that is constitutive providing for expression of a polypeptide that is 

continuously produced. 

100411 	"Specific" or "Specificity" can refer to the characteristic of a ligand for the 

binding partner or alternatively, the binding partner for the ligand, and can include 

complementary shape, charge and hydrophobic specificity for binding. Specificity for binding 

can include stereospecificity, regioselectivity and chemosclectivity. In some alternatives, a 

method of making a nucleic acid encoding a chimeric antigen receptor is provided such that a 

nucleic acid encoding a chimeric antigen receptor is generated. 
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100421 	"Regulate" or "modulate" as described herein, refers to the act of 

controlling a biological process, or to exert a modifying or controlling influence on a 

biological or cellular process or pathway. In some alternatives, a system for inducible 

expression of a chimeric antigen receptor is provided, wherein the system comprises a) a first 

nucleic acid comprising a first promoter inducible by a drug, wherein the first nucleic acid is 

operably linked to a polynucleotide coding for a chimeric antigen receptor comprising a 

ligand binding domain, wherein the ligand binding domain is specific for a ligand, wherein 

the ligand is a tumor specific molecule, viral molecule, or any other molecule expressed on a 

target cell population, wherein the ligand can elicit recognition, modulation, inhibition, and/or 

elimination by a lymphocyte, a polynucleotide coding for a polypeptide spacer, wherein the 

spacer is optimized, a polynucleotide coding for a transrnembrane domain, and d) a 

polynucleotide coding for an intracellular signaling domain, and 	b) a second nucleic acid 

comprising a second promoter operably linked to nucleic acid coding for a transcriptional 

activator for the inducible promoter. In some alternatives, modulation comprises modulation 

of cellular differentiation and apoptosis. 	In some alternatives, modulation comprises 

modulation of cellular proliferation by regulation of activity of proteins. In some alternatives, 

the proteins are cell cycle regulators and transcription factors. In some alternatives, the cell 

cycle regulators are cyclin Dl, p21, p27 and/or cdc25A. In some alternatives, the transcription 

factors are c-Myc. 

100431 	"Cytotoxic T lymphocyte "(CTL) as used herein refers to a T lymphocyte 

that expresses CD8 on the surface thereof (e.g., a CD8' T cell). In some alternatives such 

cells are preferably "memory" T cells (TM  cells) that are antigen-experienced. 

"Central memory" T cell (or "TAM")  as used herein refers to an antigen experienced 

CIL that expresses CD62L, CCR-7 and/or CD45RO on the surface thereof, and does not 

express or has decreased expression of CD45RA, as compared to naive cells. In some 

alternatives, central memory cells are positive for expression of CD62L, CCR7, CD28, 

CD127, CD45RO, and/or CD95, and may have decreased expression of CD54RA, as 

compared to nave cells. "Effector memory" T cell (or "Toe)  as used herein refers to an 

antigen experienced T cell that does not express or has decreased expression of CD62L on the 

surface thereof, as compared to central memory cells, and does not express or has a decreased 

expression of CD45RA, as compared to naive cell. In some alternatives, effector memory 

cells are negative for expression of CD62L and/or CCR7, as compared to naïve cells or 

central memory cells, and may have variable expression of CD28 and/or CD45RA. 
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100441 	"Naive " T cells as used herein refers to a non-antigen experienced T 

lymphocyte that expresses CD62L and/or CD45RA, and does not express CD45RO-, as 

compared to central or effector memory cells. In some alternatives, naive CD8+ T 

lymphocytes are characterized by the expression of phenotypic markers of naive T cells 

including CD62L, CCR7, CD28, CD127, and/or CD45RA. 

100451 	"Effector " "TE" T cells as used herein refers to antigen experienced 

cytotoxic T lymphocyte cells that do not express or have decreased expression of CD62L, 

CCR7, and/or CD28, and are positive for granzyme B and/or perforin, as compared to central 

memory or naïve T cells. 

"Enriched" and "depleted" as used herein to describe amounts of cell types in a 

mixture refers to the subjecting of the mixture of the cells to a process or step, which results 

in an increase in the number of the "enriched" type and a decrease in the number of the 

"depleted" cells. Thus, depending upon the source of the original population of cells subjected 

to the enriching process, a mixture or composition may contain 60, 70, 80, 90, 95, or 99 

percent or more (in number or count) of the "enriched" cells and/or 40, 30, 20, 10, 5 or 1 

percent or less (in number or count) of the "depleted" cells. 

100461 	"Epitope" as used herein refers to a part of an antigen or molecule that is 

recognized by the immune system including antibodies, T cells, and/ or B cells. Epitopes 

usually have at least 7 amino acids and can be linear or conformational. 

"Isolated," when used to describe the various polypeptides disclosed herein, means 

polypeptide or nucleic acid that has been identified and separated and/or recovered from a 

component of its natural environment Preferably, the isolated polypeptide or nucleic acid is 

free of association with all components with which it is naturally associated. Contaminant 

components of its natural environment are materials that would typically interfere with 

diagnostic or therapeutic uses for the polypeptide or nucleic acid, and can include enzymes, 

hormones, and other proteinaceous or non-proteinaceous solutes. 

10047) 	"Intracellular signaling domain" as used herein refers to all or a portion of 

one or more domains of a molecule (here the chimeric receptor molecule) that provides for 

activation of a lymphocyte. Intracellular domains of such molecules mediate a signal by 

interacting with cellular mediators to result in proliferation, differentiation, activation and 

other effector functions. In some alternatives, such molecules include all or portions of CD28, 

CD3, or 4-1BB, or combinations thereof. 
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100481 	"Ligand" as used herein refers to a substance that binds specifically to 

another substance to form a complex. Examples of ligands include epitopes on antigens, 

molecules that bind to receptors, substrates, inhibitors, hormones, and/or activators. "Ligand 

binding domain" as used herein refers to substance or portion of a substance that binds to a 

ligand. Examples of ligand binding domains include antigen binding portions of antibodies, 

ex-tracellular domains of receptors, and/or active sites of enzymes. "Operably linked" as used 

herein refers to functional linkage between a regulatory sequence and a heterologous nucleic 

acid sequence resulting in expression of the latter. For example, a first nucleic acid sequence 

is operably linked with a second nucleic acid sequence when the first nucleic acid sequence is 

placed in a functional relationship with the second nucleic acid sequence. For instance, a 

promoter is operably linked to a coding sequence if the promoter affects the transcription or 

expression of the coding sequence. Generally, operably linked DNA sequences are contiguous 

and, where necessary to join two protein coding regions, in the same reading frame. 

100491 	"Percent (%) amino acid sequence identity" with respect to the chimeric 

receptor polypeptide sequences identified herein is defined as the percentage of amino acid 

residues in a candidate sequence that are identical with the amino acid residues in the 

reference sequence for each of the ligand binding domain, spacer, transmembrane domain. 

and/or the lymphocyte activating domain, after aligning the sequences and introducing gaps, 

if necessary, to achieve the maximum percent sequence identity. and not considering any 

conservative substitutions as part of the sequence identity. Alignment for purposes of 

determining percent amino acid sequence identity can be achieved in various ways that are 

within the skill in the art, for instance, using publicly available computer software such as 

BLAST, BLAST-2, ALIGN, ALIGN-2 or Megalign (DNASTAR) software. Those skilled in 

the art can determine appropriate parameters for measuring alignment, including any 

algorithms needed to achieve maximal alignment over the full-length of the sequences being 

compared. For example, % amino acid sequence identity values generated using the WU- 

BLAST-2 computer program [Altschul et al., Methods in Enzymology, 266:460-480 (1996)] 

uses several search parameters, most of which are set to the default values. Those that are not 

set to default values (i.e., the adjustable parameters) are set with the following values: overlap 

span=1, overlap fraction=0.125, word threshold (1) =11 and scoring matrix=BLOSUM62. A 

% amino acid sequence identity value is determined by dividing (a) the number of matching 

identical amino acid residues between the each or all of the polypeptide amino acid sequence 

of the reference chimeric receptor sequence provided in Table 2 and the comparison amino 
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acid sequence of interest as determined by WU-BLAST-2 by (b) the total number of amino 

acid residues of the polypeptide of interest. In some alternatives, the percent sequence identity 

of amino acids or nucleic acids arc determined by computer software. 

(00501 	"Chimeric receptor variant polynucleotide" or "chimeric receptor variant 

nucleic acid sequence" as used herein refers to a polypeptide-encoding nucleic acid molecule 

as defined below having at least 80%, 85%, 90%. or 95% nucleic acid sequence identity (or a 

percentage nucleic acid sequence identity within a range defined by any two of the 

aforementioned percentages) with the polynucleotide acid sequence shown in Table 1 or a 

specifically derived fragment thereof, such as polynucleotide coding for an antigen binding 

domain, a polynucleotide encoding a spacer domain. a polynucleotide coding for a 

transmembrane domain and/ or a polynucleotide coding for a lymphocyte stimulatory domain. 

Ordinarily. a chimeric receptor variant of polynucleotide or fragment thereof will have at least 

80% nucleic acid sequence identity, more preferably at least 81% nucleic acid sequence 

identity, more preferably at least 82% nucleic acid sequence identity, more preferably at least 

83% nucleic acid sequence identity, more preferably at least 84% nucleic acid sequence 

identity, more preferably at least 85% nucleic acid sequence identity, more preferably at least 

86% nucleic acid sequence identity, more preferably at least 87% nucleic acid sequence 

identity, more preferably at least 88% nucleic acid sequence identity, more preferably at least 

89% nucleic acid sequence identity, more preferably at least 90% nucleic acid sequence 

identity, more preferably at least 91% nucleic acid sequence identity, more preferably at least 

92% nucleic acid sequence identity, more preferably at least 93% nucleic acid sequence 

identity, more preferably at least 94% nucleic acid sequence identity, more preferably at least 

95% nucleic acid sequence identity, more preferably at least 96% nucleic acid sequence 

identity, more preferably at least 97% nucleic acid sequence identity, more preferably at least 

98% nucleic acid sequence identity and yet more preferably at least 99% nucleic acid 

sequence identity with the nucleic acid sequence as shown in Table or a derived fragment 

thereof Variants do not encompass the native nucleotide sequence. In this regard, due to the 

degeneracy of the genetic code, one of ordinary skill in the art will immediately recognize that 

a large number of chimeric receptor variant polynucleotides having at least 80% nucleic acid 

sequence identity to the nucleotide sequence of Table I will encode a polypeptide having an 

amino acid sequence which is identical to the amino acid sequence of Table 2. 

[0051] 	"Substantially purified" refers to a molecule that has 10%, 9%, 8%. 7%, 

6%. 5%, 4%, 3%, 2%. or 1% or less other molecule types or other cell types. A substantially 

31 



purified cell also refers to a cell, which has been separated from other cell types with which it 

is normally associated in its naturally occurring state. In some instances, a population of 

substantially purified cells refers to a homogenous population of cells. 

100521 	"Not substantially found" when used in reference the presence of a tumor 

antigen or other molecules on normal cells refers to the percentage of a normal cell type that 

has the antigen or molecule, and / or the density of the antigen on the cells. In some 

alternatives, not substantially found means that the antigen or molecule is found on less than 

50% of normal cell type and/or at a 50% less density as compared to the amount of cells or 

antigen found on a tumor cell or other diseased cell. 

100531 	"T cells" or "T lymphocytes" as used herein can be from any mammalian, 

preferably primate, species, including monkeys, dogs, and humans. In some alternatives the T 

cells are allogcneic (from the same species but different donor) as the recipient subject: in 

some alternatives the T cells are autologous (the donor and the recipient are the same); in 

some alternatives the T cells arc syngeneic (the donor and the recipients are different but are 

identical twins). 

100541 	"Vector" or "construct" is a nucleic acid used to introduce heterologous 

nucleic acids into a cell that has regulatory elements to provide expression of the heterologous 

nucleic acids in the cell. Vectors include but are not limited to plasmid, minicircles, yeast, and 

viral genomes. In some alternatives, the vectors are plasmid, minicircles, yeast, or viral 

genornes. 

100551 	"Apoptosis" as described herein, refers to the process of programmed cell 

death 	(PCD) that can occur in multicellular organisms. Biochemical events lead to 

characteristic cell changes (morphology) and death. These changes include blebbing, cell 

shrinkage, 	nuclear 	fragmentation, 	chromatin 	condensation, 	and 	chromosomal 	DNA 

fragmentation. in apoptosis, a cell initiates intracellular apoptotic signaling in response to a 

stress, 	which 	can 	bring 	about 	cell 	suicide. 	The 	binding 	of nuclear 	receptors 	by 

glucocorticoids, heat, radiation, nutrient deprivation, viral infection, hypoxia and increased 

intracellular calcium concentration, for example, by damage to the membrane, can all trigger 

the release of intracellular apoptotic signals by a damaged cell. A number of cellular 

components, such as poly ADP ribose polymerase, can also help regulate apoptosis. 

10056) 	Before the actual process of cell death is precipitated by enzymes, 

apoptotic signals must cause regulatory proteins to initiate the apoptosis pathway. This step 

allows apoptotic signals to cause cell death, or the process to be stopped, should the cell no 

32 



longer need to die. Several proteins are involved, but two main methods of regulation have 

been identified: targeting mitochondria functionality, or directly transducing the signal via 

adaptor proteins to the apoptotic mechanisms. Another extrinsic pathway for initiation 

identified in several toxin studies is an increase in calcium concentration within a cell caused 

by drug activity, which also can cause apoptosis via a calcium binding protease calpain. 

(00571 	Apoptosis can be regulated by many factors. These factors can include but 

are not limited to genes that can express IL-2, IL-15, Chemokine receptors, Bc12, CA-Ala, 

dn-TGFbetaRlll, dn-S1-1P1/2, and/or PD-1CD28 chimeras. 1L-15 regulates T and natural killer 

cell activation and proliferation. In rodent lymphocytes, IL15 was shown to prevent apoptosis 

by inducing an apoptosis inhibitor, BCL2L1/BCL-X(L). In humans with celiac disoAse, IL-15 

similarly suppresses apoptosis in T-lymphocytes by inducing Bcl-2 and/or BCL-xL. Bcl-2 (B-

een lymphoma 2), encoded in humans by the BCL2 gene, is the founding member of the Bel- 

2 family of regulator proteins that regulate cell death (apoptosis). by either inducing (pro-

apoptotic) it or inhibiting it (anti-apoptotic). Bc1-2 is specifically considered as an important 

anti-apoptotic protein and is, thus classified as an oncogene. Protein kinase 13 (PKB), also 

known as Akt, is a serine/threonine-specific protein kinase that plays a key role in multiple 

cellular processes such as glucose metabolism, apoptosis, cell proliferation, transcription and 

cell migration. In some alternatives, a system for inducible expression of chimeric antigen 

receptor is provided, wherein the system comprises a) a first nucleic acid comprising a first 

promoter inducible by a drug, wherein the first nucleic acid is operably linked to a 

polynucleotide coding for a cytokinc, a chemokine receptor. a polypeptide that regulates 

apoptosis, or a polypeptide that modulates checkpoint signaling and b) a second nucleic acid 

comprising a second constitutive or inducible promoter operably linked to nucleic acid coding 

for a transcriptional activator for the inducible promoter. in some alternatives, the polypeptide 

that regulates apoptosis or modulates checkpoint signaling comprises 1L-2,1L-15, Chemokine 

receptors. Bcl2, CA-Akt, dn-TGFbetaRIII, dn-SIIP1/2 or PD-ICD28 chimeras. 

10058] 	"Checkpoint signaling" as described herein, blocks the cell cycle at 

specific transition points, checkpoints to ensure that the events of the cell cycle take please in 

the correct order. Checkpoint signaling can also be activated. By way of example and not of 

limitation, checkpoint signaling can occur by damage to the DNA so that the cell cycle does 

not have to proceed until the damage is repaired. "Cell cycle checkpoints" arc control 

mechanisms in eukaryotic cells which ensure proper division of the cell. Each checkpoint 

serves as a potential halting point along the cell cycle, during which the conditions of the cell 
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are assessed, with progression through the various phases of the cell cycle occurring when 

favorable conditions are met. Currently, there are three known checkpoints: the GI 

checkpoint, also known as the restriction or start checkpoint; the G2/M checkpoint; and the 

metaphase checkpoint, also known as the spindle checkpoint. The biochemical pathways that 

restrain cell cycle transition and/or induce cell death after stress are known as cell cycle 

checkpoints. These checkpoints maintain the fidelity of DNA replication, repair, and division. 

Polypeptides that can regulate checkpoint signaling can include but are not limited to p53, 

p107, p130, and transcriptional repressor Rb. 

10059) 	"Negative checkpoint regulators" as described herein, refers to factors that 

can restrict the ability of T-cell responses to effectively attack tumors. They are also referred 

to as negative checkpoint signaling. In some alternatives, a system for inducible expression of 

chimeric antigen receptor is provided, wherein the system comprises a) a first nucleic acid 

comprising a first promoter inducible by a drug, wherein the first nucleic acid is operably 

linked to a polynucleotide coding for a cytokine, a chemokine receptor, a polypeptide that 

inhibits regulates apoptosis, or a polypeptide that modulates checkpoint signaling and 	b) a 

second nucleic acid comprising a second constitutive or inducible promoter operably linked 

to nucleic acid coding for a transcriptional activator for the inducible promoter. In some 

alternatives, the polypeptide that modulates checkpoint signaling inhibits negative checkpoint 

regulators. In some alternatives, the negative checkpoint regulator comprises VISTA, LAG-3 

and/or TIM3. 

[0060) 	In another example, cell cycle inhibitors mediating the growth inhibitory 

cues of upstream signaling pathways, the cyclin-CDK inhibitors of the Cip/Kip family 

p21Cipl, p27Kipl, and p57Kip2 have emerged as multifaceted proteins with functions 

beyond cell cycle regulation. In addition to regulating the cell cycle, Cip/Kip proteins can also 

play important roles in apoptosis, transcriptional regulation, cell fate determination, cell 

migration and cytoskeletal dynamics. A complex phosphorylation network modulates Cip/Kip 

protein functions by altering their subcellular localization, protein-protein interactions, and 

stability. 'These functions are essential for the maintenance of normal cell and tissue 

homeostasis, in processes ranging from embryonic development to tumor suppression. In 

some alternatives, a system for inducible expression of chimeric antigen receptor is provided. 

wherein the system comprises a) a first nucleic acid comprising a first promoter inducible by 

a drug, wherein the first nucleic acid is operably linked to a polynucleotide coding for a 

cytokine. a chemokine receptor, a polypeptide that regulates apoptosis. or a polypeptide that 
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modulates checkpoint signaling and h) a second nucleic acid comprising a second constitutive 

or inducible promoter operably linked to nucleic acid coding for a transcriptional activator for 

the inducible promoter. In some alternatives, the polypeptide modulates checkpoint signaling. 

In some alternatives, the polypeptide that modulates checkpoint signaling inhibits negative 

checkpoint regulators. In some alternatives, the negative checkpoint regulator comprises 

VISTA, LAG-3 and/or TIM3. 

	

100611 	"T cell precursors" as described herein refers to lymphoid precursor cells 

that can migrate to the thymus and become T cell precursors, which do not express a T cell 

receptor. All T cells originate from hematopoietic stem cells in the bone marrow. 

	

liematopoietic 	progenitors (lymphoid progenitor cells) from hematopoietic stem cells 

populate the thymus and expand by cell division to generate a large population of immature 

thymocytes. The earliest thymocytes express neither CD4 nor CD8, and are therefore classed 

as double-negative (CD4-CD8-) cells. As they progress through their development, they 

become double-positive thymocytes (CD44CD8'), and finally mature to single-positive 

(CD44CD8-  or CD4-CD8') thymocytes that are then released from the thymus to peripheral 

tissues. 

[0062) 	About 98% of thymocytes die during the development processes in the 

thymus by failing either positive selection or negative selection, whereas the other 2% survive 

and leave the thymus to become mature immunocompetent T cells. 

(0063) 	The double negative (DIN stage of the precursor T cell is focused on 

producing a functional f3-chain whereas the double positive (DP) stage is focused on 

producing a functional a-chain, ultimately producing a functional ct13 T cell receptor. As the 

developing thymocrc progresses through the four ON stages (EMI, DN2, DN3, and DN4), 

the T cell expresses an invariant a-chain but rearranges the 13-chain locus. If the rearranged 0-

chain successfully pairs with the invariant a-chain. signals are produced which cease 

rearrangement of the f3-chain (and silence the alternate allele) and result in proliferation of the 

cell. Although these signals require this pre-TCR at the cell surface, they are dependent on 

ligand binding to the pre-TCR. These thymocytes will then express both CD4 and CD8 and 

progresses to the double positive (DP) stage where selection of the a-chain takes place. If a 

rearranged ri-chain does not lead to any signaling (e.g. as a result of an inability to pair with 

the invariant a-chain), the cell may die by neglect (lack of signaling). 

(0064] 	"Hematopoietic stem cells" or "HSC" as described herein, are precursor 

cells that can give rise to myeloid cells such as, for example, macrophages, 	monocres, 
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macrophages, neutrophils, basophils, eosinophils, erythrocytes, megakaryocytes/platelets, 

dendritic cells and lymphoid lineages (such as, for example, T-cells, B-cells, NK-cells). IISCs 

have a heterogeneous population in which three classes of stem cells exist, which are 

distinguished by their ratio of lymphoid to myeloid progeny in the blood (IJM). 

100651 	This disclosure provides for a system that has an inducible component for 

expression of transgenes and a constitutive component for expression of transgenes. The 

system can be tailored to provide for regulated expression of one or more transgenes to 

provide for functional characteristics in the transduced cells. 

[00661 	In some alternatives, a transgcne under the control of the inducible 

promoter is a chimeric antigen receptor (CAR). The inducible promoter provides for the 

capacity to terminate CAR expression in cells while providing for reactivation of the cells at a 

later date (e.g in the case of relapse). In addition, the cycling of CAR T cells through on and 

off periods can minimize exhaustion and/or anergy due to chronic stimulation of the T cell 

receptors. 

[0067) 	The design of the vectors also provides for additional transgencs that can 

enhance one or more functional characteristics of transduced cells, such as enhanced tumor 

potency, survival and proliferation of transduced cells. In some alternatives, these transgenes 

are under the control of an inducible promoter. Such transgenes include, without limitation. 

genes that promote sun'ival and proliferation, genes that prevent apoptosis, and genes that 

that 	regulate checkpoint signaling. 	Such 	genes 	include genes 	encoding IL-2, 	IL-15, 

Chemokine receptors, Bcl2, CA-Akt, dn-TGFbetaRlll, do-SIIP1/2, and/or PD-1CD28 

chimeras. In some alternatives, the transgenes are genes encoding 1L-2, IL-15, Chemokine 

receptors. Bc12, CA-Akt, dn-1'GlhetaR111, dn-SHP1/2, and/or PD-1CD28 chimeras. In some 

alternatives, the gene that modulates checkpoint signaling, encodes a polypeptide that inhibits 

negative checkpoint regulators. In some alternatives, the negative checkpoint regulator 

comprises VISTA, LAG-3 and/or TIM3. 

[0068] 	The disclosure provides for a system comprising first and second nucleic 

acids, and vectors and host cells including such nucleic acids. Each of the first and second 

nucleic acids comprise a number of modular components that can be excised and replaced 

with other components in order to customize the system for a specific target cell. In some 

alternatives, the first nucleic acid includes an inducible promoter for control of the expression 

of the genes (e.g polynucleotide coding for a chimeric antigen receptor) in an on and off 

manner as needed. In other alternatives, the second nucleic acid comprises a constitutive 
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promoter that provides for expression of a transcriptional activator. In some alternatives, the 

gene encodes for a chimeric antigen receptor. 

Inducible System. 

100691 	The disclosure provides a system useful for providing regulated expression 

of transgencs in cells. Such transgenes include, without limitation, T cell receptors, affinity 

matured T cell receptors, chimeric antigen receptors, chemokinc receptors, cytokines, genes 

that inhibit apoptosis, and/or genes that modulate checkpoint signaling. In some alternatives. 

the polypeptide that modulates checkpoint signaling inhibits negative checkpoint regulators. 

In some alternatives, the negative checkpoint regulator comprises VISTA, LAG-3 and/or 

TIM3. In some alternatives, the system contains a number of modular components that 

provide for easy substitution of elements of the nucleic acid. 	In some alternatives of the 

system. the system provides regulation of expression of transgenes in cells. In some 

alternatives, the transgenes code for T cell receptors, affinity matured T cell receptors. 

chimeric antigen receptors, chemokine receptors, cytokines, genes that regulate apoptosis, 

and/or genes that modulate checkpoint signaling. In some alternatives, the gene that 

modulates 	checkpoint 	signaling 	encodes 	a 	polypeptide 	inhibits 	negative 	checkpoint 

regulators. In some alternatives, the negative checkpoint regulator comprises VISTA, LAG-3 

and/or TIM3. 

[00701 	In some alternatives, a system for inducible expression of chimeric antigen 

receptor comprises: a first nucleic acid comprising a first promoter inducible by a drug, 

wherein the first nucleic acid is operably linked to a polynucleotide coding for a chimeric 

antigen receptor, the chimeric antigen receptor comprising a ligand binding domain, wherein 

the ligand binding domain is specific for a ligand, wherein the ligand is a tumor specific 

molecule, viral molecule. or any other molecule expressed on a target cell population, 

wherein the ligand can elicit recognition, modulation. inhibition, and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the spacer is 

optimized; and d) a polynucleotide coding for an intracellular signaling domain; and a second 

nucleic acid comprising a second promoter operably linked to nucleic acid coding for a 

transcriptional modulator for the inducible promoter. In some alternatives, the second 

promoter is constitutive or inducible. 

[00711 	In some alternatives, a polynucleotide coding for a chimeric antigen 

receptor comprises a polynucleotide coding for a ligand binding domain, wherein the target 
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molecule, is a tumor specific antigen, a polynucleotide coding for a polypeptide spacer 

wherein the spacer is optimized; a polynucleotide coding for a transmembrane domain; and a 

polynucleotide coding for an intracellular signaling domain. In some alternatives, an 

expression vector comprises a first and/or second nucleic acid, as described herein. 

Polypeptides encoded by all of or a portion of the chimeric receptor nucleic acids are also 

included herein. 

100721 	In other alternatives, a first nucleic acid comprises a first promoter 

inducible by a drug. wherein the first nucleic acid is operably linked to a polynucleotide 

coding for a gene that promotes cell survival and proliferation, a gene that regulates 

apoptosis, and/or a gene that modulates checkpoint signaling. Such genes include genes 

encoding IL-2, IL-IS, Chemokine receptors, Bc12, CA-Akt, dn-TGFbetaRM, dri-SHP1/2, 

and/or PD-1CD28 chimeras. In some alternatives, the gene that modulates checkpoint 

signaling encodes a polypeptide that inhibits negative checkpoint regulators. In some 

alternatives. the negative checkpoint regulator comprises VISTA, LAG-3 and/or TIM3. 

Inducible Promoters. 

[0073] 	A system comprises a first nucleic acid comprising a first promoter 

inducible by a drug. By utilizing an inducible promoter, transgene expression can be turned 

on and off in order to avoid toxic side effects and/or to allow the cells to rest during 

remission. Although several inducible promoter systems are known, clinical applicability of 

these systems is limited due to toxic off target effects, unfavorable biodistribution and 

pharmacodynamics profiles, limited output dynamic range, and/or limited availability as 

FDA-approved commercially available pharmaceuticals. Furthermore, many of these systems 

use chimeric transcriptional regulators built from xenogeneic components, thus introducing 

the complication of immunogenicity when applying these systems to human therapeutics. 

[00741 	In some alternatives, a first promoter is inducible by a drug. 'The drug is 

selected based on safety record, favorable pharmacokinctic profile, tissue distribution, a low 

partition coefficient between the extracellular space and cytosol, low immunogenicity, low 

toxicities, and/or high expression in lymphocytes. In a specific alternative, a drug is selected 

that is FDA approved, provides for transgene expression in lymphocytes, does not activate 

other undesirable gene expression, and induces a promoter that does not contain any 

xenogeneic components. In some alternatives, the inducible promoter is activated by a 
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transcriptional activator that interacts with a drug. The transcriptional activator is activated or 

able to bind to and activate the inducible promoter in the presence of the drug. 

(00751 	A specific alternative of a drug is a drug that binds to an estrogen receptor 

ligand binding domain of a transcriptional activator. In some alternatives, the drug includes 

tamoxifen, its metabolites. analogs, and pharmaceutically acceptable salts and/or hydrates or 

solvates thereof. 

100761 	Tamoxifen, CAS RN: 	10540-29-1, is also known as 2-(44(1Z)-1.2- 

dipheny1-1-butenyl)phenoxy)-N,N-dimethyl- 	ethanamine, 	or (Z)-2-(para-(1,2-Dipheny1-1- 

butenyl)phenoxy)-N,N-dimethylamine (IUPAC), and has a molecular formula of C,6H29N0, 

M.W. 371.52. Tamoxifen is a Selective Estrogen Receptor Modulator with tissue-specific 

activities. Tamoxifen acts as an anti-estrogen (inhibiting agent) agent in the mammary tissue, 

but as an estrogen (stimulating agent) in cholesterol metabolism, bone density, and cell 

proliferation in the endometrium. Tamoxifen is frequently administered orally as a 

pharmaceutically acceptable salt. For example, Tamoxifen citrate (RN 54965-24-I, M.W. 

563.643) is indicated for treatment of metastatic breast cancer, and as an adjuvant for the 

treatment of breast cancer in women following mastectomy axillary dissection, and breast 

irradiation. Tamoxifen citrate is also indicated to reduce incidence of breast cancer in women 

at high risk for breast cancer. 

100771 	Metabolites of tamoxifen in rat, mouse and human breast cancer patients, 

including major metabolites N-desmethyltarnoxifen (RN 31750-48-8, M.W. 357.494) and 4-

hydroxytamoxifen (4-0HT) (RN 68392-35-8, M.W. 387.52, Afimoxifene), are disclosed in 

Robinson et al., Metabolites, pharmacodynamics, and pharmacokinetics of tamoxifen in rats 

and mice compared to the breast cancer patient. Drug Metab Dispos January 1991 19:36-43, 

which is incorporated by reference herein in its entirety. 	Additional cytochrome P-450 

metabolites are disclosed in Crewe et al., 2002. including cis-4-hydroxytamoxifen (RN 

174592, M.W. 387.52; Afimoxifene, E-isomer), and 4'-hydroxytamoxifen ((Z)-4-(1-(4-(2- 

(dimethylarnino)ethoxy)pheny1)-1-phenylbut- 1 -en-2-yl)phenol). 	See 	Crewe 	et 	al., 	2002, 

Metabolism of Tamoxifen by recombinant human cytochrome P450 enzymes: Formation of 

the 4-hydroxy, 4'-hydroxy and N-desmethyl metabolites and isomerization of trans-4-

hydroxytamoxifen. 1)rug Metab Dispos, 30(8): 869-874, FIG. 1. which is incorporated herein 

by reference. 

100781 	Compounds with structural similarity to tamoxifen include, but are not 

limited to, cis-tamoxifen (RN 13002-65-8, M.W. 371.521), 4-inethyltamoxi fen (RN 73717- 
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95-5, M.W. 385.548), N-desmethyltamoxifen (RN 31750-48-8, M.W. 357.494), (Z)-desethyl 

methyl tamoxifen (RN 15917-50-7, M.W. 357.494), (E)-desethyl methyl tamoxifen (RN 

31750-45-5, M.W. 357.494). trans-4-hydoxytamoxifen (RN 68047-06-3, M.W. 387.52), 

Afimoxifene (RN 68392-35-8, M.W. 387.52, 4-hydroxytamoxifen), Afimoxifene, E-isomer 

(RN 174592-47-3. M.W. 387.52), 4-chlorotamoxifen (RN 77588-46-6, M.W. 405.966), 4-

fluorotamoxifen (RN 73617-96-6, M.W. 389.511), Toremifene (RN 89778-26-7, M.W. 

405.966), desethyl tamoxifen (RN 19957-51-8, M.W. 343.47), (E)-desethyl tamoxifen (RN 

97151-10-5. 	M.W. 	343.47), 	(Z)-desethyl tamoxifen (RN 97151-11-6, 	M.W. 	343.47), 

Miproxifene 	(RN 	129612-87-9, 	M.W. 	429.6), 	2-(p-(beta-ethyl-alpha- 

phenylstyryl)phenoxy)triethylamine (RN 749-86-0, M.W. 399.575), Droloxifene (RN 82413- 

20-5, M.W. 387.52), 4-iodo-tamoxifen (RN 116057-68-2, M.W. 497.413), dihydrotamoxifen 

(RN 109640-20-2, M.W. 373.537), (E)-N,N-dimethy1-2-(4-(1-(2-methylpheny1)-2-phenyl-1-

butenyl)phenoxy)ethanamine (RN 97150-96-4. M.W. 385.548), or 4-hydroxytoremifene (RN 

110503-62-3. M.W. 421.965); and/or pharmaceutically acceptable salts and/or hydrates or 

solvates thereof. 

10079) 	For example, citrate salts of tamoxifen, or citrate salts of compounds with 

structural similarity to tamoxifen, include, but are not limited to tamoxifen citrate (RN 54965- 

24-I, M.W. 563.64), 2-(p-(1,2-dipheny1-1-butenyl)phenoxy)-N,N-dimethylethylamine citrate 

(RN 7244-97-5, 563.64), (E)-tamoxifen citrate (RN 76487-65-5, M.W. 563.64), Toremifene 

citrate (RN 89778-27-8, M.W. 598.088), Droloxifene citrate (RN 97752-20-0. M.W. 579.64), 

2-(p-(1.2-bis(p-methoxypheny1)-1-butenyl)phenoxy)triethylamine citrate (RN 42920-39-8, 

M.W. 	651.748), 	2-(4-(1,2-diphenylethenyflphenoxy)-N,N-diethyl-ethanamine 	2-hydroxy- 

1,2,3-propanetricarboxylate 	(RN 	40297-42-5, 	M.W. 	563.643), 	2-(p-(alpha- 

phenylstyryflphenoxy)triethylamine citrate (RN 102433-95-4, M.W. 563.64), 2-(p-(2-(p-

methoxypheny1)- I -pheny1-1-butenyl)phenoxy)triethylaminc citrate (1:1) (RN 42824-34-0, 

M.W. 637.72), 2-(p-(1-(p-methoxyphenyl)-2-phenylpropenyl)phenoxy)triethylarnine citrate 

(RN 	13554-24-0, 	M.W. 	607.696), 	2-(p-(alpha-(p- 

methoxyphenyl)styryl)phenoxy)triethylamine citrate monohydrate (RN 13542-71-7, M.W. 

593.669), 2-(p-(p-inethoxy-alpha-phenylphenethyl) phenoxy)triethylamine citrate (RN 16421- 

72-0, M.W. 595.685), alpha-(p-(2-(diethylamino)ethoxy)pheny1)-beta-ethyl-p-methoxy-alpha- 

phenylphenethyl 	alcohol 	citrate 	(1:1) 	( 	RN 	35263-93-5. 	M.W. 	639.737), 	1-(p-(2- 

(diethylarnino)ethoxy)pheny1)-2-(p-methoxypheny1)-1-phenylethanol citrate (M.W. 611.68), 

alpha-p-(2-(diethylamino)ethoxy)pheny1)-beta-ethyl-alpha-(p-hydroxypheny1)-p- 
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methoxyphenethyl alcohol citrate (RN 35263-96-8, M.W. 655.737), and/or 2-(p-(p-methoxy-

alpha-methylphenethyl)phenoxy)-triethylamine citrate (RN 15624-34-7, M.W. 533.614). 

[0080) 	In some alternatives, an affective amount of the drug for inducing 

expression is an amount that provides for an increase in transgene expression over uninduced 

and/or basal level of expression. In some alternatives, this amount can be readily determined 

using known dosages and pharmacokinetic profile of the drug. 

10081) 	In some alternatives, the inducible promoter has a low level of basal 

activity. When a lentiviral vector is used, the level of basal activity in uninduced cells is 20%, 

15%, 10%, 5%, 4%, 3%, 2%, 1% or less, as compared to when cells are induced to express 

the gene. The level of basal activity can be determined by measuring the amount of the 

expression of the transgene (e.g. marker gene) in the absence of the inducer (e.g. drug) using 

flow cytometry. 

(0082) 	In some alternatives, the inducible promoter provides for a high level of 

induced activity, as compared to uninduced or basal activity. In some alternatives, the level of 

activity in the induced state is 2, 4, 6, 8, or 10 fold or greater than the activity level in the 

uninduced state. In some alternatives, transgene expression under control of the inducible 

promoter is turned off in the absence of a transactivator in less than 10, 8, 6, 4. 2, or 1 days 

excluding 0 days. 

10083j 	In some alternatives, an inducible promoter can be designed and/or 

modified to provide for a low level of basal activity, a high level of inducibility, and/or a 

short time for reversibility. In some alternatives, the inducible promoter is the hcHBD/mElb 

promoter. An exemplary sequence for the promoter is found in Table 12 (SEQ ID NO: 41) 

For example, in the 7xHBD/mElb promoter, mutations can be made to enhance the binding 

of the transcriptional activator. 

[0084] 	In some alternatives, the system employs a synthetic transcriptional 

activator which, in the presence of the drug (e.g.tamoxifen), binds a synthetic promoter 

upstream of a transgene to induce expression. In some alternatives, the transcriptional 

activator is TamR-tf ( HEM). The tainoxifen regulated transcription factor ("TamR-tf, also 

designated "HEA3") is a chimeric transcription factor composed of human subunits including 

the N-terminal DNA binding domain of Hepatocyte Nuclear Factor 1-alpha (HNF- laXe.g. 

amino acids 1-281 of SEQ ID NO: 40) fused in frame to the mutant tamoxifen-specific ligand 

binding domain of the estrogen receptor ligand binding domain (ER-LBD), that is in turn 

fused to the p65 activation domain of NF-KB (p65). An exemplary amino acid sequence is 
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provided in Table 10 and is identified as SEQ ID NO: 40. The mutant tamoxifen-specific 

ligand binding domain of the estrogen receptor ligand binding domain (ER-LBD) is found at 

amino acids 282-595 of the TamR-tf and has a mutation at position 521. The p65 activation 

domain of NF-KB (p65 or TAD) is found at amino acids 596 to 862. 

10085J 	In some alternatives, a system for inducible expression of a chimeric 

antigen receptor is provided. wherein the system comprises a) a first nucleic acid comprising 

a first promoter inducible by a drug, wherein the first nucleic acid is operably linked to a 

polynucleotide coding for a chimeric antigen receptor comprising a ligand binding domain. 

wherein the ligand binding domain is specific for a ligand, wherein the ligand is a tumor 

specific molecule, viral molecule, or any other molecule expressed on a target cell population, 

wherein the ligand can elicit recognition, modulation, inhibition, and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptidc spacer;  wherein the spacer is 

optimized; a polynucleotide coding for a transmembrane domain: and d) a polynucleotide 

coding for an intracellular signaling domain; and b) a second nucleic acid comprising a 

second promoter operably linked to nucleic acid coding for a transcriptional activator for the 

inducible promoter. In some alternatives, the drug is tamoxilen and/or its metabolites. In 

some alternatives, the second promoter is constitutive or inducible. In some alternatives, the 

first promoter comprises a nucleic acid sequence of SEQ ID NO: 41. In some alternatives, the 

second promoter is a constitutive promoter. In some alternatives, the second promoter is the 

EFInp. In some alternatives, the transcriptional activator comprises a sequence of SEQ ID 

NO: 40. In some alternatives, the first nucleic acid further comprises a first vector and the 

second nucleic acid further comprises a second vector. In some alternatives, both vectors are 

packaged in a viral vector. In some alternatives, the viral vector is a lentivirus. In some 

alternatives, the first and second nucleic acid comprise a vector. In some alternatives, the first 

nucleic acid further comprises a nucleic acid sequence coding for a selectable marker. In 

some alternatives, the second nucleic acid further comprises a nucleic acid coding for a 

selectable marker. In some alternatives, a system for inducible expression of chimeric antigen 

receptor is provided, wherein the system comprises a) a first nucleic acid comprising a first 

promoter inducible by a drug operably linked to a polynucleotide coding for a cytokine, a 

chemokine receptor, a polypeptide that regulates apoptosis, or a polypeptide that modulates 

checkpoint signaling; and b) a second nucleic acid comprising a second promoter operably 

linked to nucleic acid coding for a transcriptional activator for the inducible promoter. In 

some alternatives, the polypeptide that modulates checkpoint signaling inhibits negative 
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checkpoint regulators. In some alternatives, the negative checkpoint regulator comprises 

VISTA, LAG-3 and/or TIM3. In some alternatives, the second promoter is constitutive or 

inducible. In some alternatives, the second nucleic acid further comprises a polynucleotide 

coding for chimeric antigen receptor comprising a ligand binding domain, wherein the ligand 

binding domain is specific for a ligand, wherein the ligand is a tumor specific molecule. viral 

molecule, or any other molecule expressed on a target cell population, wherein the ligand can 

elicit 	recognition, 	modulation, 	inhibition, 	and/or 	elimination 	by 	a 	lymphocyte; 	a 

polynucleotide coding for a polypeptide spacer, wherein the spacer is optimized; and d) a 

polynucleotide coding for an intracellular signaling domain. In some alternatives, the first 

promoter is in opposite orientation to the second promoter. In some alternatives, the ligand 

binding domain is an antibody fragment, preferably a binding fragment thereof. In some 

alternatives, the ligand binding domain 	is single chain variable fragment. 	In 	some 

alternatives, the tumor specific molecule is CD19, CD20, CD22, CD23, CD123, CS-1. 

RORI, CE7, EGFR, hB7H3, mesothelin, c-Met. PSMA. Her2, GD-2. or MAGE A3 TCR or 

combinations thereof. hi some alternatives, the system employs a synthetic transcriptional 

activator which, in the presence of a drug binds a synthetic promoter upstream of a transgene 

to induce expression. In some alternatives. the transcriptional activator is TarnR-tf ( I lEA3). 

In some alternatives, the drug is tamoxifcn. 

[00861 	Additional changes can be made to the transcriptional activator to increase 

the properties of the transcription factor including, without limitation, altering one or more 

amino acids in the estrogen receptor ligand binding domain and/or altering one or more 

amino acids in the p65 transactivating domain. Altering amino acids in the estrogen receptor 

binding domain can provide for more specific binding of the drug to the transcriptional 

activator. An example of a transcriptional activator with altered amino acid sequence in the 

ER-LBD is shown in Table 11 (SEQ ID NO:43). Mutations are made at amino acid position 

400, 543, and 544 of SEQ ID NO: 40. The transcriptional activator with altered sequence has 

increased affinity for tamoxifen or 4-0I-IT. Altering amino acids in the p65 transactivating 

domain can provide for increased expression of the transgene in the absence of activation of 

the transduced cells. 

100871 	In the absence of tamoxifen. TamR-tf is excluded from the nucleus by 

binding of cytosolic heat-shock protein 90 (HSP90) to the tamoxifcn binding active site and 

transgene expression is in the "OFF" state. Nanomolar concentrations of cytosolic tamoxifen 

actively outcompete HSP90 for ER-LBD binding, resulting in TamR-tf translocation to the 
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nucleus. Upon nuclear translocation, TamR-tf is readily available to bind iL 	restricted 

synthetic promoter. In the presence of tamoxifen, binding of TamR-tf to 7xEIBD/EFlap 

promoter induces the "ON" state of transgene expression. In some alternatives, this 

transcriptional regulator can be modified to provide for varying level of control of transgene 

expression. Amino acid substitutions in the LBD of TamR-tf (HEA-3) permit selective 

responsiveness to tamoxifen and its metabolites, where 4-hydroxy tamoxifen (4-OHT) is the 

most pharmacologically active metabolite, in regards to TamR•tf (HEA-3) activity, while 

lacking interaction with endogenous estrogen. 

100881 	In some alternatives, the inducible promoter functions in a lentiviral 

construct and/or in lymphocytes. 

Chimeric Antigen Receptors. 

[00891 	A system for expression of chimeric antigen receptor comprises: a first 

nucleic acid comprising a first promoter inducible by a drug, wherein the first nucleic acid is 

operably linked to a polynucleotide coding for a chimeric antigen receptor, the chimeric 

antigen receptor comprising a ligand binding domain, wherein the ligand binding domain is 

specific for a ligand, wherein the ligand is a tumor specific molecule, viral molecule, or any 

other molecule expressed on a target cell population, wherein the ligand can elicit 

recognition, modulation, inhibition, and/or elimination by a lymphocyte; a polynucleotide 

coding for a polypeptide spacer, wherein the spacer is optimized; a polynucleotide coding for 

a transmembrane domain; and d) a polynucleotide coding for an intracellular signaling 

domain. In other alternatives, another polynucleotide coding for a chimeric antigen receptor is 

under the control of a constitutive promoter. In some alternatives, the drug is tamoxifen. 

Ligand binding domain. 

100901 	In some alternatives, the chimeric receptor nucleic acid comprises a 

polynucleotide coding for a ligand binding domain. In some alternatives, the ligand binding 

domain specifically binds to a tumor or viral specific antigen and said ligand binding domain 

may be humanized. In some alternatives, a ligand binding domain, includes without 

limitation. 	receptors 	or portions 	thereof, 	small 	peptides, 	peptidomimetics, 	substrates, 

cytokines. and the like. In some alternatives, the ligand binding domain is an antibody or 

fragment thereof, preferably a binding fragment thereof. any of which may be humanized. A 

nucleic acid sequence coding for an antibody or antibody fragment can readily be determined. 

In a specific alternative, the polynucleotide codes for a single chain Fv that specifically binds 
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CD19. In other specific alternatives, the polynucleotide codes for a single chain Fv that 

specifically binds HER2, CE7, hB7H3, or EGFR and, optionally, said polynucleotide encodes 

a humanized version thereof. The sequences of these antibodies and binding domains thereof 

are known to or can readily be determined by those of skill in the art. 

(0091] 	Tumor antigens are proteins that are produced by tumor cells that elicit an 

immune response. The selection of the ligand binding domain of the invention will depend on 

the type of cancer to be treated, and can target tumor antigens or other tumor cell surface 

molecules. A tumor sample from a subject can be characterized for the presence of certain 

biomarkers or cell surface markers. For example. breast cancer cells from a subject can be 

positive or negative for each of Her2Neu. Estrogen receptor, and/or the Progesterone receptor. 

A tumor antigen or cell surface molecule is selected that is found on the individual subject's 

tumor cells. Tumor antigens and cell surface molecules are well known in the art and include, 

for example, carcinoembryonic antigen (CEA), prostate specific antigen, PSMA, Her2/neu, 

estrogen receptor, progesterone receptor, ephrin132. CDI9, CD20, CD22, C1323, CDI 23, CS- 

1, CE7, hB7H3. ROR1. mesothelin. c-Met, GD-2, and/or MAGE A3 TCR. In some 

alternatives, a target molecule is a cell surface molecule that is found on tumor cells and is 

not substantially found on normal tissues, or restricted in its expression to non-vital normal 

tissues. 

(00921 	In one alternative, the target molecule on the tumor comprises one or more 

epitopcs associated with a malignant tumor. Malignant tumors express a number of proteins 

that can serve as target antigens for T cell receptor or chimeric receptor mediated recognition. 

Other target molecules belong to the group of cell transformation-related molecules such as 

the oncogene HER-2/Neu/ErbB2. In some alternatives, the tumor antigen is selectively 

expressed or overexpressed on the tumor cells as compared to control cells of the same tissue 

type. In other alternatives, the tumor antigen is a cell surface polypeptide. 

100931 	Once a tumor cell surface molecule that might be targeted with a chimeric 

receptor is identified, an epitope of the target molecule is selected and characterized. 

Antibodies that specifically bind a tumor cell surface molecule can be prepared using 

methods of obtaining monoclonal antibodies, methods of phage display, methods to generate 

human or humanized antibodies, or methods using a transgenic animal or plant engineered to 

produce human antibodies. Phage display libraries of partially or fully synthetic antibodies arc 

available and can be screened for an antibody or fragment thereof that can bind to the target 

molecule. Phage display libraries of human antibodies are also available. In some alternatives. 
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antibodies specifically bind to a tumor cell surface molecule and do not cross react with 

nonspecific components such as bovine serum albumin or other unrelated antigens. Once 

identified, the amino acid sequence or polynucleotide sequence coding for the antibody can 

be isolated and/or determined. 

100941 	Antibodies or antigen binding fragments include all or a portion of 

polyclonal antibodies, a monoclonal antibody, a human antibody, a humanized antibody, a 

synthetic antibody, a chimeric antibody, a bispecific antibody, a minibody, and a linear 

antibody. "Antibody fragments" comprise a portion of an intact antibody. preferably the 

antigen binding or variable region of the intact antibody and can readily be prepared. 

Examples of antibody fragments include Fab, Fab', F(ab')2. and Fv fragments; diabodies; 

linear antibodies; single-chain antibody molecules; and multispecific antibodies formed from 

antibody fragments. In some alternatives the antibody fragments are Fab, Fab', F(ab')2, and Fv 

fragments; diabodies; linear antibodies; single-chain antibody molecules; or multispecific 

antibodies formed from antibody fragments. 	Any of such aforementioned antibodies or 

antibody fragments can be humanized and used with the compositions and methods described 

herein. 

100951 	In some alternatives, a number of different antibodies that bind to a 

particular tumor cell surface molecules can be isolated and characterized. In some 

alternatives, the antibodies are characterized based on epitope specificity of the targeted 

molecule. In addition, in some cases, antibodies that bind to the same epitope can he selected 

based on the affinity of the antibody for that epitope. In some alternatives, an antibody has an 

affinity of at least 1 mM, and preferably <50 nM. In some alternatives, the antibody has an 

affinity of 50 nM, 100 nM. 200 nM, 300nM 400 nM, 500 nM, luM, 100uM, 200uM, 300uM, 

400uM, 500uM, 600uM, 700 uM, 800uM, 900uM or 1mM or an affinity within a range 

defined by any two of the aforementioned values. in some alternatives, an antibody is selected 

that has a higher affinity for the epitope, as compared to other antibodies. For example, an 

antibody is selected that has at least a 2 fold, at least a 5 fold, at least a 10 fold, at least a 20 

fold, at least a 30 fold, at least a 40 fold, or at least a 50 fold greater affinity than a reference 

antibody that hinds to the same epitope or an affinity that is greater than a reference antibody 

within a range defined by any two of the aforementioned values. 

100961 	In some alternatives, target molecules are CD19, CD20, CD22, CD23, 

CE7, hB7113, EGFR, CD123, CS-1, ROR1, mesothelin, iler2, c-Met, PSMA, GD-2, or 
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MAGE A3 TCR or combinations thereof. 	In some alternatives, the antibody or binding 

fragment there of specific for these target molecules is humanized. 

100971 	In specific alternatives, the target antigen is CD19. A number of antibodies 

specific for CD19 are known to those of skill in the art and can be readily characterized for 

sequence. epitope binding, and affinity. In a specific alternative, the chimeric receptor 

construct includes a scFV sequence from a FMC63 antibody. In other alternatives, the scFV is 

a human or humanized ScFv comprising a variable light chain comprising a CDRL1 sequence 

of RASQDISKYLN (SEQ ID NO: 88) , CDRL2 sequence of SRLHSGV(SEQ ID NO: 89), 

and a CDRL3 sequence of GNTLPYTFG (SEQ ID NO: 90). In other alternatives, the scFV is 

a human or humanized ScFv comprising a variable heavy chain comprising CDRH1 sequence 

of DYGVS (SEQ ID NO: 91), CDRH2 sequence of VIWGSETTYYNSALKS (SEQ ID NO: 

92), and a CDRH3 sequence of YAMDYWG (SEQ ID NO: 93). The disclosure also 

contemplates variable regions that have at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 

98%, or 99% amino acid sequence identity to that of the scFv for FMC63 and that have at 

least the same affinity for CD19. 

100981 	In some alternatives, CDR regions are t'ound within antibody regions as 

numbered by Kabat as follows: for the light chain; CDRL1 amino acids 24-34;CDRL2 amino 

acids 50-56; CDRL3 at amino acids 89-97; for the heavy chain at CDRIT1 at amino acids 31- 

35; CDRH2 at amino acids 50-65; and for CDRH3 at amino acids 95-102. CDR regions in 

antibodies can be readily determined. 

100991 	In specific alternatives, the target antigen is Her2. A number of antibodies 

specific for Her2 are known to those of skill in the art and can be readily characterized for 

sequence, cpitope binding, and affinity. In a specific alternative, the chimeric receptor 

construct includes a scFV sequence from a Herceptin antibody. In other alternatives, the scFV 

is a human or humanized ScFv comprising a variable light chain comprising a CDRL1 

sequence, CDRL2 sequence and a CDRL3 sequence of the Herceptin antibody. In other 

alternatives, the scFV is a human or humanized ScFv comprising a variable heavy chain 

comprising CDRHI sequence, CDRH2, and a CDRH3 sequence of Herceptin. The CDR 

sequences can readily be determined from the amino acid sequence of Herceptin. The 

disclosure also contemplates variable regions that have at least 90%, 91%, 92%, 93%. 94%, 

95%, 96%, 97%, 98%, or 99% amino acid sequence identity to that of the scFv for Herceptin 

and that have at least the same affinity for Her2. 
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101001 	"Humanized antibodies," as described herein, refers to antibodies from 

non-human species whose protein sequences have been modified to increase their similarity 

to antibody variants produced naturally in humans. The process of "humanization" can be 

applied to monoclonal antibodies developed for administration to humans (for example, 

antibodies developed as anti-cancer drugs). Humanization can be desirable when the process 

of developing a specific antibody involves utilization of a non-human immune system (such 

as that in mice). The protein sequences of antibodies produced in this way are partially 

distinct from homologous antibodies occurring naturally in humans, and are therefore 

potentially immunogenic when administered to human patients. Humanized antibodies are 

distinct from►  chimeric antibodies, in that they have the protein sequences made more similar 

to human antibodies hut can carry a larger stretch of non-human protein. A derivative of a 

humanized antibody can refer to a segment of an antibody or sequence that is derived from a 

humanized antibody. In some alternatives, the ligand binding domain comprises a humanized 

antibody or portion thereof. In some alternatives, the ligand binding domain comprises a 

scFv. In some alternatives, the scFv is a humanized scFv. 

101011 	Humanization can be desirable in some alternatives for reducing the 

immunogenicity of monoclonal antibodies that are derived from xenogeneic sources, such as, 

for example, rodents. Humanization is also desirable in some alternatives so as to improve the 

interaction of the antibody or a fragment thereof with the human immune system. Due to the 

development of hybridoma technology, a large number of xenogencic antibodies are highly 

immunogenic in humans, which can ultimately limit their clinical applications especially 

when administration may need to be repeated. Additionally, they can be rapidly removed from 

the circulation and can cause systemic inflammatory effects as well. Therefore humanization 

strategics are desirable in some alternatives to circumvent these situations. Techniques for 

antibody humanization are known to those skilled in the art. 

101021 	In some alternatives, a polynucleotide coding for a ligand binding domain 

is operably linked to a polynucleotide coding for a spacer region. In some alternatives, the 

polynucleotide coding for a ligand binding domain can also have one or more restriction 

enzyme sites at the 5' and/or 3' ends of the coding sequence in order to provide for easy 

excision and replacement of the polynucleotide with another polynucleotide coding for a 

ligand 	binding domain coding for a different antigen or that has different binding 

characteristics. For example, a restriction site, Nhel, is encoded upstream of the leader 

sequence, and a 3' Rsrll located within the hinge region allows subcloning of any desirable 
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scFv into a chimeric receptor vector. In some alternatives, the polynucleotide is codon 

optimized for expression in mammalian cells. 

101031 	In some alternatives, the polynucleotide coding for a ligand binding 

domain is operably linked to a sips! peptide. In some alternatives, the signal peptide is a 

signal peptide for granulocyte colony stimulating factor. Polynucleotides coding for other 

signal peptides such as CD8 alpha can be utilized. In some alternatives, the polynucleotide 

codes for CD8 alpha. 

[01041 	In some alternatives, the polynucleotide coding for a ligand binding 

domain is operably linked to a promoter. A promoter is selected that provides for expression 

of the chimeric antigen receptor in a mammalian cell. In a specific alternative, the promoter is 

an inducible promoter. 

[0105] 	A specific alternative of a polynucleotide coding for a ligand binding 

domain is shown in Table 1 as the seFv from an antibody that specifically binds CD19, such 

as FMC63. A polynucleotide encoding for a flexible linker including the amino acids 

GSTSGSGKPGSGEGSTKG (SEQ ID NO: 94) separates the VH and VL chains in the scFV. 

The amino acid sequence of the scFv including the linker is shown in Table 2. (SEQ ID 

NO:11) Other CD19-targeting antibodies such as SJ25C1 and HD37 are known. (SJ25C1: 

Bejcek et al. Cancer Res 2005, PMID 7538901; HD37: Pezutto et al. JI 1987, PMID 

2437199). 

Snacer. 

[0106] 	In some alternatives, the chimeric receptor nucleic acid comprises a 

polynucleotide coding for a spacer region. Typically a spacer region is found between the 

ligand binding domain and the transmembrane domain of the chimeric receptor. In some 

alternatives, a spacer region provides for flexibility of the ligand binding domain and allows 

for high expression levels in lymphocytes. A CD19-specific chimeric receptor having a spacer 

domain of 229 amino acids had less antitumor activity than a CDI9-specific chimeric 

receptor with a short spacer region comprised of the modified 104 hinge only. In some 

alternatives, the spacer is optimized for increased T cell proliferation and/or cytokine 

production in response to the ligand as compared to a reference chimeric receptor. 

(0107) 	In some alternatives, a spacer region has at least 10 to 229 amino acids, 10 

to 200 amino acids, 10 to 175 amino acids, 10 to 150 amino acids, 10 to 125 amino acids, 10 

to 100 amino acids, 10 to 75 amino acids. 10 to 50 amino acids. 10 to 40 amino acids, 10 to 
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30 amino acids, 10 to 20 amino acids, or 10 to 15 amino acids, or a length within a range 

defined by any two of the aforementioned lengths. In sonic alternatives, a spacer region has 

12 amino acids or less, 119 amino acids or less, or 229 amino acids or less but greater than 1 

or 2 amino acids. In some alternatives, the spacer is optimized for increased T cell 

proliferation and/or cytokine production in response to the ligand as compared to a reference 

chimeric receptor. 

101081 	In some alternatives, the spacer region is derived from a hinge region of an 

immunoglobulin like molecule. In some alternatives, a spacer region comprises all or a 

portion of the hinge region from a human IgG 1, human IgG2, a human IgG3, or a human 

IgG4, and can contain one or more amino acid substitutions. Exemplary sequences of the 

hinge regions are provided in Table 8. in some alternatives, a portion of the hinge region 

includes the upper hinge amino acids found between the variable heavy chain and the core, 

and the core hinge amino acids including a polyproline region. In some alternatives, the 

spacer is optimized for increased T cell proliferation and/or cytokine production in response 

to the ligand as compared to a reference chimeric receptor. 

101091 	In some alternatives, hinge region sequences can be modified in one or 

more amino acids in order to avoid undesirable structural interactions such as dimerization. In 

a specific alternative, the spacer region comprises a portion of a modified human hinge region 

from IgG4, for example, as shown in Table 2 or Table 8 (SEQ ID NO: 21). A representative 

of a polynucleotide coding for a portion of a modified IgG4 hinge region is provided in Table 

1. (SEQ ID NO: 4). In some alternatives, a hinge region can have at least 90%, 91%, 92%, 

93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity with a hinge region amino acid 

sequence identified in Table 2 or Table 8, or any other percent sequence identity between any 

two of the percent sequence identities listed. Ill a specific alternative, a portion of a human 

hinge region from IgG4 has an amino acid substitution in the core amino acids from CPSP to 

CPPC. 

101101 	In some alternatives, all or a portion of the hinge region is combined with 

one or more domains of a constant region of an immunoglobulin. For example, a portion of a 

hinge region can be combined with all or a portion of a CH2 or CH3 domain or variant 

thereof. In some alternatives, the spacer region does not include the 47-48 amino acid hinge 

region sequence from CD8apha or the spacer region consisting of an extracellular portion of 

the CD28 molecule. 
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[01111 	In some alternatives, a short spacer region has 12 amino acids or less and 

comprises all or a portion of a IgG4 hinge region sequence or variant thereof, an intermediate 

spacer region has 119 amino acids or less and comprises all or a portion of a ig.04 hinge 

region sequence and a CII3 region or variant thereof, and a long spacer has 229 amino acids 

or less and comprises all or a portion of a IgG4 hinge region sequence, a CH2 region, and a 

CH3 region or variant thereof. In some alternatives, a short spacer region has 1, 2, 3, 4, 5, 6, 

7, 8, 9, 10, 11 or 12 amino acids or a size within a range defined by any two of the 

aforementioned amino acid lengths. In some alternatives, a medium spacer region has 13, 20, 

30, 40, 50, 60, 70, 80, 90, 100, 110 or 119 amino acids or a size within a range defined by any 

two of the aforementioned amino acid lengths. In some alternatives, a spacer region has 120, 

130, 140, 150, 160, 170, 180, 190, 200, 210 or 219 amino acids or a size within a range 

defined by any two of the aforementioned amino acid lengths. 

[0112) 	A polynucleotide coding for a spacer region can be readily prepared by 

synthetic or recombinant methods from the amino acid sequence. In some alternatives, a 

polynucleotide coding for a spacer region is operably linked to a polynucleotide coding for a 

transmembranc region. In some alternatives, the polynucleotide coding for the spacer region 

can also have one or more restriction enzyme sites at the 5' and/or 3' ends of the coding 

sequence in order to provide for easy excision and replacement of the polynucleotide with 

another polynucleotide coding for a different spacer region. In some alternatives, the 

polynucleotide coding for the spacer region is codon optimized for expression in mammalian 

cells. 

[01131 	In an alternative, the spacer region is a hinge region sequence from IgG I, 

1g02, IgG3, or IgG4 or a portion thereof, a hinge region sequence from IgGI, IgG2, 1g03, or 

IgG4 in combination with all or a portion of a CH2 region or variant thereof, a hinge region 

sequence from IgGI, IgG2, IgG3, or IgG4 in combination with all or a portion of a CH3 

region or variant thereof, and a hinge region sequence from IgGI, lgG2, IgG3, or IgG4 in 

combination with all or a portion of a CH2 region or variant thereof, and/or a CH3 region or 

variant thereof. In some alternatives, a short spacer region is a modified IgG4 hinge sequence 

(SEQ ID NO: 4) having 12 amino acids or less but greater than one or two amino acids, an 

intermediate sequence is a IgG4 hinge sequence with a CH3 sequence having 119 amino 

acids or less but greater than one or two amino acids (SEQ ID NO: 62); or a IgG4 hinge 

sequence with a CH2 and C113 region having 229 amino acids or less but greater than one or 

two amino acids (SEQ ID NO: 50). 
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Transmembrane domain. 

10114] 	In some alternatives, the chimeric receptor nucleic acid comprises a 

polynucleotide coding for a transmembrane domain. The transmembrane domain provides for 

anchoring of the chimeric receptor in the membrane. 

[0115] 	In an alternative, the transmembrane domain that naturally is associated 

with one of the domains in the chimeric receptor is used. In some cases, the transinembrane 

domain can be selected or modified by amino acid substitution to avoid binding of such 

domains to the transmembrane domains of the same or different surface membrane proteins to 

minimize interactions with other members of the receptor complex. 

10116] 	The transmembrane domain can he derived either from a natural or a 

synthetic source. When the source is natural, the domain can be derived from any membrane-

bound or transmembrane protein. 

101171 	Transmembrane regions comprise at least the transmembrane region(s) of) 

the alpha, beta or zeta chain of the T-cell receptor, CD28, CD3, CD45, CD4, CD8, CD9, 

CD16, CD22; CD33, CD37, CD64, CDS°. CD86, CD134, CD137 and/or CD154. In a 

specific alternative, the transmembrane domain comprises the amino acid sequence of the 

CD28 transmembrane domain as shown in Table 2. A representative polynucleotide sequence 

coding for the CD28 transmembrane domain is shown in Table I (SEQ ID NO: 5). 

10118j 	A transmembrane domain can be synthetic or a variant of a naturally 

occurring transmembrane domain. In some alternatives, synthetic or variant transmembrane 

domains comprise predominantly hydrophobic residues such as leucine and valine. In some 

alternatives, a transmembrane domain can have at least 80%, 85%, 90%, 95%, or 100% 

amino acid sequence identity with a transmembrane domain as shown in Table 2 or Table 6 

or an amino acid sequence identity within a range defined by any two of the aforementioned 

values. Variant transmembrane domains preferably have a hydrophobic score of at least 50 as 

calculated by Kyte Doolittle. 

[0119J 	A polynucleotide coding for a transmembrane domain can be readily 

prepared by synthetic or recombinant methods. In some alternatives, a polynucleotide coding 

for a transmembrane domain is operably linked to a polynucleotide coding for an intracellular 

signaling region. In some alternatives, the polynucleotide coding for a transmembrane domain 

can also have one or more restriction enzyme sites at the 5' and/or 3' ends of the coding 

sequence in order to provide for easy excision and replacement of the polynucleotide coding 
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for 	a 	transmembrane 	domain 	with 	another 	polynucleotide 	coding 	for 	a 	different 

transrnembrane domain. In some alternatives, the polynucleotide coding for a transmembrane 

domain is codon optimized for expression in mammalian cells. In some alternatives, the 

mammalian cells are human cells. 

I ntraceilular s; 	alii.02gcIomain. 

[01201 	In some alternatives, the chimeric receptor nucleic acid comprises a 

polynucleotide coding for an intracellular signaling domain. The intracellular signaling 

domain provides for activation of one function of the transduced cell expressing the chimeric 

receptor upon binding to the ligand expressed on tumor cells. In some alternatives, the 

intracellular signaling domain contains one or more intracellular signaling domains. In some 

alternatives, the intracellular signaling domain is a portion of and/or a variant of an 

intracellular signaling domain that provides for activation of at least one function of the 

transduced cell. 

101211 	Examples of intracellular signaling domains for use in a chimeric receptor 

of the disclosure include the cytoplasmic sequences of the CD3 zeta chain, and/or Co. 

receptors that act in concert to initiate signal transduction following chimeric receptor 

engagement. as well as any derivative or variant of these sequences and any synthetic 

sequence that has the same functional capability. T cell activation can be said to be mediated 

by two distinct classes of cytoplasmic signaling sequence: those that initiate antigen. 

dependent primary activation and provide a T cell receptor like signal (primary cytoplasmic 

signaling sequences) and those that act in au antigen-independent manner to provide a 

secondary or co-stimulatory signal (secondary cytoplasmic signaling sequences). Primary 

cytoplasmic signaling sequences that act in a stimulatory manner can contain signaling motifs 

which are known as receptor tyrosine-based activation motifs or ITAMs. Examples of ITAM 

containing primary cytoplasmic signaling sequences include those derived from CD3 zeta, 

FcR gamma, CD3 gamma, CD3 delta, CD3 epsilon, CD5, CD22, CD79a, CD79b, and/or 

CD66d. In some alternatives, the primary signaling intracellular domain can have at least 

80%. 85%, 90%, or 95% sequence identity to CD3zeta having a sequence provided in Table 

2 or at least a percent sequence identity that is within a range defined by any two of the 

percent sequence identities listed. In some alternatives of the variants, of CD3 zeta retain at 

least one, two, three or all TTAM regions as shown in Table 7. 
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101221 	In a preferred alternative, the intracellular signaling domain of the chimeric 

receptor can be designed to comprise the CD3-zeta signaling domain by itself or combined 

with any other desired cytoplasmic domain(s). For example, the intracellular signaling 

domain of the chimeric receptor can comprise a CD3zeta chain and a costimulatory signaling 

region. 

101231 	The costimulatory signaling region refers to a portion of the chimeric 

receptor comprising the intracellular domain of a costimulatory molecule. A costimulatory 

molecule is a cell surface molecule other than an antigen receptor or their ligands that is 

required for a response of lymphocytes to an antigen. Examples of such molecules include 

CD27, CD28, 4-1 BB (CD 137), 0X40, CD30, CD40, lymphocyte function-associated 

antigen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, B7-H3, zeta chain associated protein kinase 

(ZAP70), and/or a ligand that specifically binds with CD83. In some alternatives, the 

costimulatory signaling domain can have at least 80%, 85%. 90%, or 95% amino acid 

sequence identity to the intracellular domain of CD28 as shown in Table 5 or to 4-IBB 

having a sequence provided in Table 2 or at least a percent sequence identity that is within a 

range defined by any two of the percent sequence identities listed. In an alternative, a variant 

of the CD28 intracellular domain comprises an amino acid substitution at positions 186-187, 

wherein LL is substituted with GG. 

101241 	The intracellular signaling sequences of the chimeric receptor can be 

linked to each other in a random or specified order. In some alternatives, a short oligo- or 

polypeptide linker, preferably between 2 and I 0 amino acids in length can form the linkage. 

In one alternative, the intracellular signaling domains comprises all or a portion of the 

signaling domain of CD3-zeta or variant thereof and all or a portion of the signaling domain 

of CD28 or a variant thereof. In another alternative, the intracellular signaling domain 

comprises all or a portion of the signaling domain of CD3-zeta or variant thereof and all or a 

portion of the signaling domain of 4-IBB or variant thereof. In yet another alternative, the 

intracellular signaling domain comprises all or a portion of the signaling domain of CD3-zeta 

or variant thereof, all or a portion of the signaling domain of CD28 or variant thereof, and all 

or a portion of the signaling domain of 4-IBB or variant thereof. In a specific alternative, the 

amino acid sequence of the intracellular signaling domain comprising a variant of CD3zeta 

and a portion of the 4-1 BB intracellular signaling domain is provided in Table 2. A 

representative nucleic acid sequence is provided in Table 1 (SEQ ID NO: 6; SEQ II) NO: 7). 

In some alternatives, the nucleic acid sequence comprises the sequence set forth in SEQ 113 
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NO: 6. In some alternatives, the nucleic acid sequence comprises the sequence set forth in 

SEQ ID NO: 7. 

[01251 	In an alternative, a polynucleotide coding for an intracellular signaling 

domain comprises a 4-1BB intracellular domain linked to a portion of a CD3zeta domain. In 

other alternatives, a 4-1BB intracellular domain and a CD28 intracellular domain are linked 

to a portion of a CD3 zeta domain. 

101261 	A polynucleotide coding for an intracellular signaling domain can be 

readily prepared by synthetic or recombinant methods from the amino acid sequence. In some 

alternatives, the polynucleotide coding for an intracellular signaling domain can also have one 

or more restriction enzyme sites at the 5' and/or 3' ends of the coding sequence in order to 

provide for easy excision and replacement of the polynucleotide coding for an intracellular 

signaling domain with another polynucleotide coding for a different intracellular signaling 

domain. In some alternatives, the polynucleotide coding for an intracellular signaling domain 

is codon optimized for expression in mammalian cells. In some alternatives, the mammalian 

cells are human cells.  

Marker sequences. 

101271 	In some alternatives, the system further comprises one or more marker 

sequences under the control of an inducible promoter. A marker sequence can provide for 

selection of transduced cells, and/or identification of transduced cells. In some alternatives. 

the marker sequence is for a selection of transduced cells and/or identification of transduced 

cells. In some alternatives, the marker sequence is operably linked to a polynucleotide 

sequence coding for a linker sequence. ln some alternatives. the linker sequence is a cleavable 

linker sequence. In some alternatives, the linker is a cleavable T2A linker. 

101281 	A number of different marker sequences can be employed. Typically a 

marker sequence has a functional characteristic that allows for selection of transduced cells 

and/or detection of transduced cells. In some alternatives, the marker sequence is compatible 

with transduction of human lymphocytes. In some alternatives, the marker sequence allows 

for selection of transduced cells and/or detection of transduced cells. 

101291 	The positive selectable marker can be a gene, which upon being introduced 

into the host cell, expresses a dominant phenotype permitting positive selection of cells 

carrying the gene. Genes of this type arc known in the art, and include, inter alia, hygromycin- 

II phosphotransferase gene (hph) which confers resistance to hygromycin B, the amino 
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glycoside phosphotransferase gene (neo or aph) from Tn5, which codes for resistance to the 

antibiotic 0418, the dihydrofolate reductase (DHFR) gene, which provides resistance to 

methotrexate, DHFR dm (exemplary polynucleotide and amino acid sequences in Table 14, 

SEQ ID NO: 46 and SEQ ID NO: 47, the pac gene that provides resistance to puromycin, Sh 

ble gene which inactivates zeocin. the adenosine deaminase gene (ADA), and the multi-drug 

resistance (MDR) gene. Transduced cells cultured in the presence of these agents will survive 

and be selected. 

(0130) 	In an alternative, a iirst nucleic acid further comprises a polynucleotide 

coding for a marker sequence. In an alternative, the marker sequence is a truncated epidermal 

growth factor receptor as shown in Table 2. An exemplary polynucleotide for the truncated 

epidermal growth factor receptor is shown in Table 1. (SEQ ID NO: 9). In some alternatives. 

the marker sequence is a truncated Her2 sequence. An exemplary polynucleotide and amino 

acid for the truncated Her2 sequences is shown in Table 13 and provided by SEQ ID NO: 44 

and SEQ ID NO: 45. respectively. 

101311 	In some alternatives, the polynucleotide coding for the marker sequence is 

operably linked to a polynucleotide coding for a linker sequence. In a specific alternative, the 

linker sequence is a cleavable linker sequence T2A, as shown in Table 2. An exemplary• 

polynucleotide sequence coding for the T2A linker is provided in Table 1. (SEQ ID NO:S). 

(0132) 	A polynucleotide coding for marker sequence can be readily prepared by 

synthetic or recombinant methods from the amino acid sequence. In some alternatives, a 

polynucleotide coding for a marker sequence is operably linked to a polynucleotide coding for 

an intracellular signaling domain. In some alternatives, the polynucleotide coding for a 

marker sequence can also have one or more restriction enzyme sites at the 5' and/or 3' ends 

of the coding sequence in order to provide for easy excision and replacement of the 

polynucleotide coding for a marker sequence with another polynucleotide coding for a 

different marker sequence. In some alternatives, the polynucleotide coding for a marker 

sequence is codon optimized for expression in mammalian cells, preferably humans. 

[0133) 	In some alternatives, two or more marker sequences can be employed. In 

some alternatives, a first marker sequence is under control of a constitutive promoter and 

provides for an indication that the transduced cell is expressing the transgene. In other 

alternatives, a second marker sequence is under the control of the inducible promoter and 

provides an indication that the transgene expression has been induced. In some alternatives, 

the marker under the control of the inducible promoter can he used to select for cells in which 
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noninduced or basal expression is much lower than in other cells by selecting cells that have a 

lower expression of the marker sequence under the control of the inducible promoter and 

expand those cells for further applications. 

Other Genetic Components under control of Inducible Promoter. 

101341 	In some alternatives, the first nucleic acid comprises a polynucleotidc 

sequence coding for genes that promote survival and proliferation, genes that prevent 

apoptosis, and/or genes that inhibit negative checkpoint signaling under the control of an 

inducible promoter. Such genes include genes encoding IL-2, 1L-I5, Chemokine receptors, 

Bc12, CA-Akt, dn-TGFbetaR111, dn-SHPI/2, and/or PD-ICD28 chimeras. These genes are 

also placed under the control of an inducible promoter as described herein. In some 

alternatives, the genes encode IL-2. IL-15, Chemokine receptors. Bell CA-Akt, dn- 

TGFbetaRlll, dn-SHP1/2, and/or PD-1CD28 chimeras. In some alternatives, the gene that 

modulates checkpoint signaling encodes a polypeptide that inhibits negative checkpoint 

regulators. In some alternatives, the negative checkpoint regulator comprises VISTA, LAG-3 

and/or TIM3. 

101351 	In some alternatives, a first nucleic acid comprises a first inducible 

promoter linked to a polynucleotide coding for a cytokine or chemokine receptor. 

Chemokines, also referred to as chemotactic cytokines, are a group of structurally related 

proteins that regulate cell trafficking of lymphocytes. In some alternatives, the chemokincs 

are homeostatic or inflammatory. Chemokine receptors include CCR2, CCR7. or CCRI5. 

Cytokines include interleukins such as IL2. IL-12, IL-7. and/or 11-15, interferons, such as 

interferon 6, tumor necrosis factor, and a TLR4 agonist. In some alternatives, the chemokine 

receptors comprise CCR2, CCR7, and/or CCRI 5. In some alternatives, the chemokinc 

receptors include CCR2, CCR7, or CCRI5. In some alternatives, the cytokines include 

interleukins, wherein the interleukins are 12, IL-12. 1L-7 and/or 11-15 or interferons. wherein 

the interferons comprise interferon 8, tumor necrosis factor, or a TLR4 agonist. 

10136] 	In some alternatives. a first nucleic acid comprises a first inducible 

promoter linked to a polynucleotide coding for a polypeptide that regulates apoptosis. In some 

alternatives, genes that inhibit apoptosis include, for example, Bc12, and/or CA-Akt. In some 

alternatives, the polypeptide is Bc12 or CA-Akt. 

101371 	In some alternatives. a first nucleic acid comprises a first inducible 

promoter linked to a polynucleotide coding for a polypeptide that modulates checkpoint 
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signaling. Such genes include dn-TGEbetaRM, dn-SHP1/2, and/or PD-1CD28 chimeras. In 

some alternatives, the polypeptide is dn-TGEbetaRIII, dn-SHPI/2, and/or PD-1CD28 

chimeras. In some alternatives, the polypeptide that modulates checkpoint signaling inhibits 

negative checkpoint regulators. In some alternatives, the negative checkpoint regulator 

comprises VISTA, LAG-3 and/or TIM3. 

101381 	Exemplary sequences for polynucicotides encoding these genes are found 

at: 

Gene A.A. A.A. N.A. N.A. 

Accession gI Accession gI 

CCR2 P41597 1168965 NM 001123041 183979979 

CCR7 P32248 1352335 NM_001838 299473754 

IL.2 AAH70338 47682793 BC070338 47682792 

IL-l2 AAD16432 4323579 AF101062 4323578 

IL-7 AAC63047 386824 NM 000880 315467865 

IL-15 CAG46804 49456967 CR542007 49456966 

1FN-g EAW97180 119617586 EAW97180 119617586 

TNF NP_000585 25952111 NM 000594 395132451 

Be12 AAH27258 20072668 BCO27258 20072667 

CA-Akt NP_001014432 62241015 NM 001014432 62241014 

TGFbeta 

Receptor III Q03167 311033535 NM_003243 307574689 

SHPT NP_002822 18104989 NM 002831 166064064 

SHP2 Q06124 84028248 NM_002834 33356176 

PD-1 NP_001129245 209413749 NM 001135773 209413748 

CD28 AAA51945 180092 NM_006139 340545506 

101391 	Any number of nucleic acids can be placed under the control of an 

inducible promoter including those coding for chimeric antigen receptor, a marker sequences, 

a eytokine, a chemokine, an inhibitor of apoptosis, and/or an inhibitor of negative checkpoint 

signaling. In some alternatives. one or more inducible promoters can be utilized to provide for 

an adequate expression level of each of the nucleic acids. In some alternatives, constructs can 
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he prepared with a gene such as a cytokine under the control of an inducible promoter and a 

construct comprising a chimeric antigen receptor under the control of a constitutive promoter. 

Such constructs are useful to provide for cell survival and proliferation of transduced cells, 

for example lymphocytes expressing a chimeric antigen receptor. 

Constitutive Promoter Systems. 

l0140] 	In other alternatives, a system comprises a second nucleic acid that 

comprises a constitutive promoter or a second inducible promoter linked to a transcriptional 

activator. In other alternatives, a system comprises a second nucleic acid that comprises a 

promoter linked to a transcriptional activator. In some alternatives, the promoter is a 

constitutive promoter or an inducible promoter. In some alternatives. a constitutive promoter 

includes EFla promoter, actin promoter, the myosin promoter, the hemoglobin promoter, and 

the creatine kinase promoter. In some alternatives, viral promoters such as the CMV promoter 

are excluded. In some alternatives, the constitutive promoter can be linked to one or more of a 

polynucleotide coding for marker, or a chimeric antigen receptor as described herein. 

Constitutive Promoters. 

(0141) 	A constitutive promoter provides for continuous gene expression of the 

gene under the control of the promoter. In some alternatives, the constitutive promoter is a 

promoter that provides for gene expression in a lentiviral construct and/or in lymphocytes. In 

some alternatives, the promoter is not derived from a xenogenic source such as a plant or a 

virus. 

(01421 	In a 	specific alternative, 	the constitutive 	promoter comprises FFI a 

promoter. actin promoter, the myosin promoter, the hemoglobin promoter, and/or the creatine 

kinase promoter. In some alternatives, viral promoters such as the CMV promoter are 

excluded. 

Transcriptional Activators. 

[01431 	In some alternatives, the constitutive promoter is operably linked to a 

transcriptional activator. 	In some alternatives, the transcriptional 	activator activates an 

inducible promoter in the presence of the inducer (e.g. drug). 

101441 	In some alternatives, an inducible promoter is induced in the presence of a 

transcriptional activator. In some alternatives, the transcriptional activator preferentially binds 
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to the promoter in the presence of the drug. Tn some alternatives. the transcriptional activator 

is TamR-tf(FIEA3). Modification of the transcriptional activator can be made in the amino 

acid sequence that can affect the ability of activator to bind to the drug. the promoter, or both. 

For example, binding in the ER ligand binding domain would affect the binding of the drug to 

the transcriptional activator. 

[01451 	In 	some alternatives, the system employs a synthetic transcriptional 

activator which, in the presence of the drug (e.g.tamoxifen), binds a synthetic promoter 

upstream of a transgene to induce expression. in some alternatives, the transcriptional 

activator is TamR-tf ( HEA3). The tamoxifen regulated transcription factor ("TamR-tf, also 

designated "HEA3") is a chimeric transcription factor composed of human subunits including 

the N-terminal DNA binding domain of Hepatocyte Nuclear Factor 1-alpha (HNF-1a) (e.g. 

amino acids 1-281 of SEQ ID NO: 40) fused in frame to the mutant tamoxifen-specific ligand 

binding domain of the estrogen receptor ligand binding domain (ER-LBD), that is in turn 

fused to the p65 activation domain of NF-KB (p65). An exemplary amino acid sequence is 

provided in Table 10 and is identified as SEQ ID NO: 40. The mutant tamoxifen-specific 

ligand binding domain of the estrogen receptor ligand binding domain (ER-LBD) is found at 

amino acids 282-595 of the TamR-tf and has a mutation at position 521. The p65 activation 

domain of NF-xB (p65 or TAD) is found at amino acids 596 to 862. 

101461 	Additional changes can be made to the transcriptional activator to increase 

the properties of the transcription factor including, without limitation, altering one or more 

amino acids in the estrogen receptor ligand binding domain and/or altering one or more 

amino acids in the p65 transactivating domain. Altering amino acids in the estrogen receptor 

binding domain can provide for more specific binding of the drug to the transcriptional 

activator. An example of a transcriptional activator with altered sequence in the ER-LBD is 

shown in Table 11 (SEQ ID NO:43). Mutations are made at amino acid position 400, 543, 

and 544 of SEQ ID NO: 40. The transcriptional activator with altered sequence has increased 

affinity for tamoxifen or 4-OHT. Altering amino acids in the p65 transactivating domain can 

provide for increased expression of the transgene in the absence of activation of the 

transduced cells. 
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Marker. 

[0147] 	In some alternatives, the constitutive promoter is operably linked to a 

polynucleotide coding for a marker polypeptide. Such marker poly-peptides are described 

herein, and include EGFRt, Her2t. and/or DHERdm. 

Chimeric Antigen Receptor. 

[0148] 	In some alternatives, the constitutive promoter is operably linked to a 

polynucleotide coding for a chimeric antigen receptor. In some alternatives, the chimeric 

antigen receptor comprises a ligand binding domain, wherein the ligand binding domain is 

specific for a ligand, wherein the ligand is a tumor specific molecule, viral molecule, or any 

other molecule expressed on a target cell population, wherein the ligand can elicit 

recognition, modulation, inhibition, and/or elimination by a lymphocyte; a polynucleotide 

coding for a polypeptide spacer, wherein the spacer is optimized; a polynucleotide coding for 

a transrnembrane domain; and d) a polynucleotide coding for an intracellular signaling 

domain. In some alternatives, the spacer is optimized to provide for increased '1' cell 

proliferation and/or cytokine production in response to the ligand as compared to a reference 

chimeric receptor. Examples of chimeric antigen receptors are described herein. 

Vectors. 

10149J 	A variety of vector combinations can be constructed to provide for 

efficiency of transduction and transgcnc expression. In some alternatives, the vector is a dual 

packaged or single (all in one) viral vector. In other alternatives, the vectors can include a 

combination of viral vectors and plasmid vectors. Other viral vectors include foamy virus. 

adenoviral vectors, retroviral vectors. and lentiviral vectors. In some alternatives, the vector is 

a lentiviral vector. In some alternatives, the vector is a foamy viral vector, adenoviral vectors, 

retroviral vectors or lentiviral vectors. 

[0150] 	In some alternatives, a plasmid vector or a viral vector comprises a first 

nucleic acid comprising an inducible promoter linked to a polynucleotide coding for a 

chimeric antigen receptor. In some alternatives, a plasmid vector or viral vector comprises a 

first nucleic acid sequence comprising a polynucleotide coding for a gene that enhances cell 

survival or proliferation, a gene that regulates apoptosis, and/or a gene that modulates 
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checkpoint signaling. In some alternatives, the modulation of checkpoint signaling inhibits 

negative checkpoint regulators. In some alternatives, the negative checkpoint regulator 

comprises VISTA, LAG-3 and/or TIM3. Such polynucleotides code for a cytokine, or a 

chemokine receptor. In some alternatives, a plasmid vector or a viral vector comprises a first 

nucleic acid comprising an inducible promoter linked to a polynucleotide coding for a marker 

sequence. Marker sequences are described herein. In some alternatives, the marker sequence 

is compatible with transduction of human lymphocytes. In some alternatives, the marker 

sequence allows for selection of transduced cells and/or detection of transduced cells. In some 

alternatives, 	the 	marker 	is 	a 	gene 	that 	can 	include 	inter 	alia, 	hygromycin-B 

phosphotransferase gene (hph), which confers resistance to hygromycin B, the amino 

glycoside phosphotransferase gene (neo or aph) from Tri5, which codes for resistance to the 

antibiotic 6418, the dihydrofolate reductase (DHFR) gene, which provides resistance to 

methotrexate, DHFR dm (exemplary polynucleotide and amino acid sequences in Table 14, 

SEQ ID NO:46 and SEQ II) NO:47, the pac gene that provides resistance to puromycin, Sh 

ble gene, which inactivates zeocin, the adenosine deaminase gene (ADA), and/or the multi-

drug resistance (MDR) gene. A first nucleic acid can include a number of different 

polynucleotide sequences all under the control of the inducible promoter. For example. a 

polynucleotide coding for a chimeric antigenic receptor can be linked to a polynucleotide 

coding for a marker polypeptide and/or a polynucleotide coding for cytokine or chemokine 

receptor. 

	

(0151) 	In some alternatives, a lentiviral vector comprises a second nucleic acid 

comprising 	a 	constitutive 	promoter 	linked 	to 	a 	nucleic 	acid 	sequence 	coding 	for 

transcriptional activator that binds to drug and activates expression of an inducible promoter. 

In some alternatives, a lentiviral vector with a constitutive promoter can also include a nucleic 

acid sequence including a marker gene, piggyback transposa.se, and/or a polynucleotide 

coding for a chimeric antigen receptor. Each element of the nucleic acid can be separated 

from one another with a sequence such as a T2A self-cleaving sequence. In some alternatives, 

the elements of the nucleic acid are separated from one another with a sequence self-cleaving 

sequence. In some alternatives, the self-cleaving sequence is T2A. 

(0152) 	In other alternatives, the heterogeneous (heterogeneous to the vector. e,g. 

lentiviral vector) nucleic acid sequence is limited by the amount of additional genetic 

components that can he packaged in the vector. In some alternatives, a construct contains at 

least two genes heterogenous to the viral vector. In some alternatives, the construct contains 
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no more than 4 genes heterogenous to the viral vector. The number of genes heterogenous to 

the viral vector that can be packaged in the vector can be determined by detecting the 

expression of one or more transgenes, and selecting vector constructs that provide for 

transduction of at least 10% of the cells and/or detectable expression levels of the transgene in 

at least 10% of the cells. 

101531 	In some alternatives, a lentivirus is a dual packaged virus. A dual packaged 

virus contains at least one conditional construct comprising an inducible promoter operably 

linked to a polynucleotide coding for a chimeric antigen receptor. Optionally the conditional 

construct comprises a marker gene. a nucleic acid for a cytokine, a nucleic acid for a 

chemokine receptor. In some alternatives, a dual packaged lentivirus contains a constitutive 

construct comprising a constitutive promoter. In an alternative, the constitutive construct 

comprises a constitutive promoter linked to a transcriptional activator for the inducible 

promoter. In some alternatives, the constitutive construct also includes a marker gene and/or a 

polynucleotide encoding a cytokine or chemokine. In some alternatives of a system with two 

constructs, each construct can be packaged in a separate viral vector and the viral vectors can 

be mixed together for transduction in a cell population. 

10/541 	When the constitutive and conditional constructs both contain a marker 

gene, the marker gene on each construct is the same or different from one another. In some 

alternatives, when the constitutive and conditional constructs both contain a polynucleotide 

coding for a chimeric antigen receptor, the chimeric antigen receptor can be targeted to the 

same antigen but have different ligand binding domains, can be targeted to the same antigen 

but different epitopes, or can be targeted to different antigens. 

10155J 	In some alternatives, the vector is a minicircle. Minicircics are episomal 

DNA vectors that are produced as circular expression cassettes devoid of any bacterial 

plasmid DNA backbone. Their smaller molecular size enables more efficient transfections 

and offers sustained expression over a period of weeks as compared to standard plasmid 

vectors that only work for a few days. In some alternatives, a minicircle contains a drug 

inducible promoter linked to a polynucleotide coding for a chimeric antigen receptor. In some 

alternatives, the inducible promoter can be linked to chemokine receptor, a marker gene, 

and/or a cytokine. One or more minicircles can be employed. In some alternatives, a 

minicircle comprises an inducible promoter linked to a polynucleotide coding for a first 

chimeric antigen receptor, another minicircle comprises an inducible promoter linked to a 

polynucleotide coding for a second and different chimeric antigen receptor, and/ or a 
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minicircle comprises an inducible promoter linked to a polynucleotide coding for a 

chemokine receptor, a chimeric antigen receptor, and a marker gene. Each element of the 

constructs is separated by a nucleic acid, such as that coding for a self-cleaving T2A 

sequence. In some alternatives, each element of the constructs is separated by a nucleic acid. 

such as that coding for a self-cleaving T2A sequence. In some alternatives each minicircle 

differs from one another in the chimeric antigen receptor including but not limited to the 

spacer length and sequence, the intracellular signaling domain, and/or the marker sequence. 

The minicircle vector can be used with a constitutive lentivirus vector coding for a 

transcriptional activator for the inducible promoter. In some alternatives, the minicircle vector 

is used with a constitutive lentivirus vector coding for a transcriptional activator for the 

inducible promoter. 

101561 	In some alternatives, the vector is a piggy bac transposon. The PiggyBac 

(PB) transposon is a mobile genetic clement that efficiently transposes between vectors and 

chromosomes via a "cut and paste" mechanism. During transposition. the PB transposase 

recognizes transposon-specific inverted terminal repeat sequences (ITRs) located on both 

ends of the transposon vector and efficiently moves the contents from the original sites and 

efficiently integrates them into "ITAA chromosomal sites. The powerful activity of the 

PiggyBac transposon system enables genes of interest between the two ITRs in the PB vector 

to be easily mobilized into target genomes. 

101571 	In some alternatives, a PH contains a drug inducible promoter linked to a 

polynueleotide coding for a chimeric antigen receptor. In some alternatives, the inducible 

promoter can he linked to chemokine receptor, a marker gene, and/or a cytokine. One or more 

PB transposons can be employed. In some alternatives, a PB comprises an inducible promoter 

linked to a polynucleotide coding for a Erg chimeric antigen receptor, another PB comprises 

an inducible promoter linked to a polynucleotide coding for a second and different chimeric 

antigen receptor, and/ or a PB comprises an inducible promoter linked to a polynucleotide 

coding for a chemokine receptor. a chimeric antigen receptor, and a marker gene. Each 

element of the constructs is separated by a nucleic acid. such as that coding for a self-cleaving 

T2A sequence. In some alternatives each PB differs from one another in the chimeric antigen 

receptor including but not limited to the spacer length and sequence, the intracellular 

signaling domain, and/or the marker sequence. The PB vector can be used with a constitutive 

lentivirus vector coding for a transcriptional activator for the inducible promoter and 

constitutive vector comprising the piggyback transposase linked to a constitutive promoter. 
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[0158] 	In some alternatives, a first nucleic acid comprising a first promoter 

inducible by a drug, wherein the first nucleic acid is operably linked to a polynucleotide 

coding for chimeric antigen receptor comprising a ligand binding domain, wherein the ligand 

binding domain is specific for a ligand, wherein the ligand is a tumor specific molecule. viral 

molecule, or any other molecule expressed on a target cell population, wherein the ligand can 

elicit 	recognition, 	modulation, 	inhibition, 	and/or 	elimination 	by 	a 	lymphocyte; 	a 

polynucleotide coding for a polypeptide spacer, wherein the spacer is optimized; and d) a 

polynucleotide coding for an intracellular signaling domain: and a second nucleic acid 

comprising a second constitutive or inducible promoter operably linked to nucleic acid coding 

for a transcriptional activator for the inducible promoter. In some alternatives, the first and 

second nucleic acid are in a single lentivirus vector. In some alternatives, the spacer is 

optimized for increased T cell proliferation and/or cytokine production in response to the 

ligand as compared to a reference chimeric receptor. 

[0159] 	In some alternatives, the first nucleic acid further comprises a marker gene. 

In some alternatives, the second nucleic acid further comprises polynucleotide coding for a 

second and different chimeric antigen receptor. The first and second chimeric antigen receptor 

can differ from one another in the ligand binding domain, the target antigen, an epitope of the 

target antigen, the spacer domain in length and sequence (short medium or long), and in the 

intracellular signaling domains. 

[0160] 	In some alternatives, in a single lentivirus construct the first and second 

nucleic acids can be separated by a genomic insulator nucleic acid such as the sea urchin 

insulator chromatin domain. In other alternatives, the inducible promoter of the first nucleic 

acid and the constitutive promoter of the second nucleic acid arc in opposite orientation. 

10161] 	One or more of these vectors can be used in conjunction with one another 

to transducc target cells and provide for inducible expression of a chimeric antigen receptor. 

Host Cells and Compositions: T lymphocyte populations. 

[0162] 	The compositions described herein provide for genetically modified host 

cells with the vectors and/or constructs as described herein. In some alternatives, the host 

cells are CD4+ and/or CD8+ T lymphocytes. 

[0163] 	1' lymphocytes can be collected in accordance with known techniques and 

enriched or depleted by known techniques such as affinity binding to antibodies such as flow 

cytometry and/or immunomagnetic selection. After enrichment and/or depletion steps, in vitro 
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expansion of the desired T lymphocytes can be carried out in accordance with known 

techniques or variations thereof that will be apparent to those skilled in the art. In some 

alternatives. the T cells are autologous T cells obtained from the patient. 

[0164] 	For example, the desired T cell population or subpopulation can be 

expanded by adding an initial T lymphocyte population to a culture medium in vitro, and then 

adding 	to 	the culture 	medium 	feeder cells, 	such 	as 	non-dividing peripheral 	blood 

mononuclear cells (PBMC), (e.g., such that the resulting population of cells contains at least 

5, 10. 20. or 40 or more PBMC feeder cells for each T lymphocyte in the initial population to 

be expanded); and incubating the culture (e.g. for a time sufficient to expand the numbers of 

T cells). The non-dividing feeder cells can comprise gamma-irradiated PI3MC feeder cells. In 

some alternatives, the PBMC are irradiated with gamma rays in the range of 3000 to 3600 

rads to prevent cell division. In some alternatives, the PBMC are irradiated with gamma rays 

of 3000, 3100, 3200, 3300, 3400, 3500 or 3600 rads or any value of rads between any two 

endpoints of any of the listed values to prevent cell division. The order of addition of the T 

cells and feeder cells to the culture media can be reversed if desired. The culture can typically 

be incubated under conditions of temperature and the like that are suitable for the growth of T 

lymphocytes. For the growth of human T lymphocytes, for example, the temperature will 

generally be at least 25 degrees Celsius, preferably at least 30 degrees, more preferably 37 

degrees. In some alternatives, the temperature for the growth of human T lymphocytes is 22, 

24, 26, 28, 30, 32, 34, 36, 37 degrees Celsius or any other temperature between any two 

endpoints of any of the listed values. 

[0165] 	The T lymphocytes expanded include CD8+  cytotoxic T lymphocytes 

(CTL) and CD44  helper T lymphocytes that can be specific for an antigen present on a human 

tumor or a pathogen. In some alternatives, the cells include precursor T cells. In some 

alternatives, the cells are hematopoietic stem cells. 

10166] 	In some alternatives, the expansion method can further comprise adding 

non-dividing 111V-transformed lymphoblastoid cells (LCL) as feeder cells. LCI, can be 

irradiated with gamma rays in the range of 6000 to 10,000 rads. In some alternatives, the LCL 

are irradiated with gamma rays in of 6000, 6500, 7000, 7500, 8000, 8500, 9000, 9500 or 

10,000 rads or any amount of rads between two endpoints of any of the listed values. The 

LCL feeder cells can be provided in any suitable amount, such as a ratio of LCL feeder cells 

to initial T lymphocytes of at least 10:1. 
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101671 	In some alternatives, the expansion method can further comprise adding 

anti-CD3 and/or anti CD28 antibody to the culture medium (e.g.. at a concentration of at least 

0.5 ng/ml). In some alternatives, the expansion method can further comprise adding 11.-2 

and/or IL-15 to the culture medium (e.g., wherein the concentration of IL-2 is at least 10 

units/m1). 

101681 	After isolation of T lymphocytes both cytotoxic and helper T lymphocytes 

can be sorted into naive, memory, and effector T cell subpopulations either before or after 

expansion. 

101691 	CD8+ cells can be obtained by using standard methods. In some 

alternatives, CD8+ cells are further sorted into naive, central memory, and effector memory 

cells by identifying cell surface antigens that are associated with each of those types of CD8+ 

cells. In some alternatives, memory T cells are present in both CD62L+ and CD62L- subsets 

of CD8+ peripheral blood lymphocytes. PBMC are sorted into CD62L-CD8+ and 

CD62L+CD8+ fractions after staining with anti-CD8 and anti-CD62L antibodies. In some 

alternatives, the expression of phenotypic markers of central memory T 	include CD45RO, 

CD62L, CCR7, CD28, CD3, and/or CD127 and are negative or low for granzyme B. In some 

alternatives, central memory T cells are CD45R0+, CD62L+. and/or CD8+ T cells. In some 

alternatives, effector TE  are negative for CD62L, CCR7, CD28, and/or CD127, and positive 

for granzyme B and/or perforin. In some alternatives, naive CD8+ T lymphocytes are 

characterized by the expression of phenotypic markers of naive T cells including CD62L, 

CCR7, CD28, CD3, CD127, and/or CD45RA. 

10170] 	CD4+ T helper cells are sorted into naive, central memory, and effector 

cells by identifying cell populations that have cell surface antigens. CD4+ lymphocytes can be 

obtained by standard methods. In some alternatives, naive CD4+ T lymphocytes are 

CD45R0-, CD45RA+, CD62L+, and/or CD4+ T cells. In some alternatives, central memory 

CD4+ cells are CD62L+ and/or CD45R0+. In some alternatives, effector CD4+ cells are 

CD62L- and/or CD45R0-. 

101711 	Whether a cell or cell population is positive for a particular cell surface 

marker can be determined by flow cytometry using staining with a specific antibody for the 

surface marker and an isotype matched control antibody. A cell population negative for a 

marker refers to the absence of significant staining of the cell population with the specific 

antibody above the isotype control, positive refers to uniform staining of the cell population 

above the isotype control. In some alternatives, a decrease in expression of one or markers 
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refers to loss of 1 logl 0 in the mean fluorescence intensity and/or decrease of percentage of 

cells that exhibit the marker of at least 20% of the cells, 25% of-the cells, 30% of the cells, 

35% of the cells, 40% of the cells, 45% of the cells, 50% of the cells. 55% of the cells, 60% 

of the cells. 65% of the cells, 70% of the cells, 75% of the cells, 80% of the cells, 85% of the 

cells, 90% of the cell, 95% of the cells, and 100% of the cells or any % between 20 and 100% 

when compared to a reference cell population. In some alternatives, a cell population positive 

for one or markers refers to a percentage of cells that exhibit the marker of at least 50% of the 

cells. 55% of the cells, 60% of the cells, 65% of the cells, 70% of the cells, 75% of the cells, 

80% of the cells, 85% of the cells. 90% of the cell, 95% of the cells, or 100% of the cells or 

any % between 50 and 100% when compared to a reference cell population. 

101721 	Whether a cell or cell population is positive for a particular cell surface 

marker can be determined by flow cytometry using staining with a specific antibody for the 

surface marker and an isotype matched control antibody. A cell population negative for a 

marker refers to the absence of significant staining of the cell population with the specific 

antibody above the isotype control, positive refers to uniform staining of the cell population 

above the isotype control. In some alternatives, a decrease in expression of one or markers 

refers to loss of I log10 in the mean fluorescence intensity and/or decrease of percentage of 

cells that exhibit the marker of at least 20% of the cells, 25% of-the cells, 30% of the cells, 

35% of the cells, 40% of the cells, 45% of the cells, 50% of the cells, 55% of the cells, 60% 

of the cells, 65% of the cells, 70% of the cells, 75% of the cells, 80% of the cells. 85% of the 

cells, 90% of the cell, 95% of the cells, and 100% of the cells or any % between 20 and 100% 

when compared to a reference cell population. In some alternatives, an increase refers to an 

increase in mean fluorescence intensity and/or to an increase in the number of cells in a cell 

population that are positive for one or a given marker, such as a population in which s refers 

to a percentage of cells that exhibit the marker of at least 50% of the cells, 55% of the cells. 

60% of the cells, 65% of the cells, 70% of the cells, 75% of the cells, 80% of the cells, 85% 

of the cells, 90% of the cell, 95% of the cells, or 100% of the cells or any % between 50 and 

100% exhibit the marker, e.g.. when compared to a reference cell population. 

[0173] 	In some alternatives, populations of CD4+ and CD8+ that are antigen 

specific can be obtained by stimulating naïve or antigen specific T lymphocytes with antigen. 

For example, antigen-specific T cell lines or clones can be generated to Cytomegalovirus 

antigens by isolating T cells from infected subjects and stimulating the cells in vitro with the 

same antigen. Naïve I cells can also he used. Any number of antigens from tumor cells can 
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be utilized as targets to elicit T cell responses. In some alternatives, the adoptive cellular 

immunotherapy compositions are useful in the treatment of a disease or disorder including a 

solid tumor. hematologic malignancy, breast cancer or melanoma. 

Modification of T lymphocyte populations. 

10174] 	In some alternatives it can be desired to introduce functional genes into the 

'1' cells to be used in immunotherapy in accordance with the present disclosure. For example. 

the introduced gene or genes can improve the efficacy of therapy by promoting the viability 

and/or function of transferred T cells; or they can provide a genetic marker to permit selection 

and/or evaluation of in vivo survival or migration; or they can incorporate functions that 

improve the safety of immunotherapy, for example, by making the cell susceptible to 

controlled expression of the transgene. This can be carried out in accordance with known 

techniques that will be apparent to those skilled in the art based upon the present disclosure. 

[01751 	In some alternatives, T cells are modified with a vector coding for drug 

inducible chimeric receptors as described herein. In some alternatives, cells are modified with 

a vector comprising a polynucleotide coding for a chimeric antigen receptor under control of 

an inducible promoter. In other alternatives, cells are modified with a vector comprising a 

polynucleotide coding for a cytokine, chemokine receptor, a gene that regulates apoptosis, or 

a gene that modulates checkpoint signaling under the control of an inducible promoter. In 

some alternatives, the T cells are obtained from the subject to be treated, in other alternatives. 

the lymphocytes are obtained from allogeneic human donors, preferably healthy human 

donors. In some alternatives, the modulation of checkpoint signaling inhibits negative 

checkpoint regulators. In some alternatives, the negative checkpoint regulator comprises 

VISTA, LAG-3 and/or TIM3. 

	

[0176] 	Chimeric receptors can be constructed with a specificity for any cell 

surface marker by utilizing antigen binding fragments or antibody variable domains of, for 

example, antibody molecules. The antigen binding molecules can be linked to one or more 

cell 	signaling 	modules. 	In 	some 	alternatives, 	cell 	signaling 	modules 	include 	CD3 

transmembrane domains, CD3 intracellular signaling domains, and/or CD28 transmembrane 

domains. In some alternatives, the intracellular signaling domain comprises a CD28 

transmembrane and signaling domain linked to a CD3 zeta intracellular domain. In some 

alternatives, a chimeric receptor can also include a transduction marker such as tEGFR. 
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101771 	In some alternatives, the same or a different chimeric receptor can be 

introduced into each of population of CD4+ and/or CD8+ T lymphocytes. In some 

alternatives, the chimeric receptor in each of these populations has a ligand binding domain 

that specifically binds to the same ligand on the tumor or infected cell or a different antigen or 

epitope. The cellular signaling modules can differ. In some alternatives, the intracellular 

signaling domain of the CD8+ cytotoxic T cells is the same as the intracellular signaling 

domain of the CD4+ helper T cells. In other alternatives, the intracellular signaling domain of 

the CD8+ cytotoxic T cells is different than the intracellular signaling domain of the CD4+ 

helper T cells. 

[0178) 	In some alternatives each of the CD4 or CD8 T lymphocytes can be sorted 

into naïve, central memory, effector memory or effector cells prior to transduction, as 

described herein. In some alternatives, each of the CD4 or CD8 T lymphocytes can be sorted 

into nave, central memory, effector memory, or effector cells after transduction. 

101791 	As described herein, in some alternatives, naïve CD4+ cells are CD45RO-, 

CD45RA+, CD62L+, and/or CD4+ positive T cells. In some alternatives, central memory 

CD4+ cells are CD62L positive and/or CD45RO positive. In some alternatives, effector 

CD4+ cells are CD62L negative and/or CD45RO positive. Each of these populations can be 

independently modified with a chimeric receptor. 

[01801 	As described, in some alternatives, memory T cells are present in both 

CD62L+ and CD62L- subsets of CD8+ peripheral blood lymphocytes. PBMC are sorted into 

CD62L-CD8+ and CD62L+CD8+ fractions after staining with anti-CD8 and anti-CD62L 

antibodies. In some alternatives, the expression of phenotypic markers of central memory T 

cells (TCM) include CD62L, CCR7, CD28, CD3, and/or CD127 and are negative or low for 

granzyme B. In some alternatives, central memory T cells are CD45RO+, CD62L+, and/or 

CD8+ T cells. in some alternatives, effector T cells (TE) are negative for CD62L, CCR7, 

CD28, and/or CD127, and positive for granzyme II and/or perforin. In some alternatives, 

nave CD8+ T lymphocytes are characterized by CD8+, CD62L+, CD45RO+, CCR7+, 

CD28+ CD127+, and/or CD45RO+. Each of these populations can be independently 

modified with a chimeric receptor. 

10181] 	Various transduction techniques have been developed which utilize 

recombinant infectious virus particles for gene delivery. This represents a currently preferred 

approach to the transduction of T lymphocytes of the present invention. The viral vectors. 

which have been used in this way include virus vectors derived from simian virus 40, 
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adenovinises, adeno-associated virus (AAV), lentiviral vectors, and/or retroviruses. Thus, 

gene transfer and expression methods are numerous but essentially function to introduce and 

express genetic material in mammalian cells. Several of the above techniques have been used 

to transduce hematopoietic or lymphoid cells, including calcium phosphate transfection, 

protoplast 	fusion, 	electroporation, 	and 	infection with recombinant adenovirus, adeno- 

associated virus and retrovirus vectors. Primary T lymphocytes have been successfully 

transduced by electroporation and by retroviral or lentiviral infection. 

101821 	Retroviral and lentiviral vectors provide a highly efficient method for gene 

transfer into eukaryotic cells. Moreover, retroviral or lentiviral integration takes place in a 

controlled fashion and results in the stable integration of one or a few copies of the new 

genetic information per cell. 

10/831 	It is contemplated that ovcrexpression of a stimulatory factor (for example, 

a lymphokine or a cytokine) can be toxic to the treated individual. Therefore, it is within the 

scope of the invention to include gene segments that cause the T cells of the invention to be 

susceptible to negative selection in vivo. By "negative selection" is meant that the infused cell 

can be eliminated as a result of a change in the in vivo condition of the individual. The 

negative selectable phenotype can result from the insertion of a gene that confers sensitivity 

to an administered agent, for example, a compound. Negative selectable genes are known in 

the art, and include, inter alia the following: the Herpes simplex virus type I thymidine kinase 

(HSV-I 	TK) 	gene, 	which 	confers 	ganciclovir 	sensitivity; 	the 	cellular 	hypoxanthine 

phosphribosyltransferase 	(HPRT) gene, the cellular adenine phosphoribosyltransferase 

(APRT) gene, and bacterial cytosine deaminase. 

101841 	In some alternatives it can be useful to include in the T cells a positive 

marker that enables the selection of cells of the negative selectable phenotype in vitro. The 

positive selectable marker can be a gene that upon being introduced into the host cell 

expresses a dominant phenotype permitting positive selection of cells carrying the gene. 

Genes 	of this type 	are 	known 	in 	the 	art, 	and 	include, 	inter 	alia, 	hygromycin-B 

phosphotransferase gene (hph), which confers resistance to hygromycin B. the amino 

glycoside phosphotransferase gene (neo or aph) from Tn5, which codes for resistance to the 

antibiotic G418, the dihydrofolate reductase (DHFR) gene, the adenosine dcaminasc gene 

(ADA), and/or the multi-drug resistance (MDR) gene. 
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10185] 	A variety of methods can be employed for transducing T lymphocytes, as 

is well known in the art. In some alternatives, transduction is carried out using lentiviral 

vectors. 

10186] 	In some alternatives, CD4+ and CD8+ cells each can separately be 

modified with an expression vector encoding a chimeric receptor to form defined populations. 

In some alternatives, cells can be separately modified with a vector comprising a 

polynucleotide under the control of a constitutive promoter and a vector comprising a 

polynucleotide coding for a cytokine or chemokine receptor under control of an inducible 

promoter. 

10187J 	In some alternatives, these cells are then further sorted into subpopulations 

of naïve, central memory and effector cells as described above, by sorting for cell surface 

antigens unique to each of those cell populations. In addition, CD4+ or CD8+ cell populations 

can be selected by their cytokine profile or proliferative activities. For example, CD4+ T 

lymphocytes that have enhanced production of cytokines such as IL-2, IL-4, IL-10, TNFa, 

and/or IFNy, as compared to sham transduced cells or transduced CD8+ cells when 

stimulated with antigen can be selected. In other alternatives, naive or central memory CD4+ 

T cells that have enhanced production of IL-2 and/or TNFa are selected. Likewise, CD8+ 

cells that have enhanced IFNy production are selected, as compared to sham transduced 

CD8+ cells. 

101881 	In some alternatives. CD4+ and CD8+ cells are selected that are cytotoxic 

for antigen bearing cells. In some alternatives, CD4+ are expected to be weakly cytotoxic as 

compared to CD8+ cells. In a preferred alternative, transduced lymphocytes, such as CD8+ 

central memory cells, are selected that provide for tumor cell killing in vivo using an animal 

model established for the particular type of cancer. 

[01891 	In yet other alternatives, transduced chimeric receptor expressing T cells 

are selected that can persist In vivo using an animal model established for the particular type 

of cancer. In some alternatives, transduced chimeric receptor CD8+ central memory cells with 

a short spacer region have been shown to persist in vivo after introduction into the animal for 

3 days or more, 10 days or more, 20 days or more, 30 days or more, 40 days or more, or 50 

days or more. 

10190] 	The disclosure contemplates that combinations of CI)4+ and CI)8+ T cells 

will be utilized in the compositions. In one alternative. combinations of chimeric receptor 

transduced CD4+ cells can be combined with chimeric receptor transduced CD8+ cells of the 
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same ligand specificity or combined with CD8+  T cells that are specific for a distinct tumor 

ligand. In other alternatives, chimeric receptor transduced CD8+ cells are combined with 

chimeric receptor transduced CD4+ cells specific for a different ligand expressed on the 

tumor. In yet another alternative, chimeric receptor modified CD4+ and CD8+ cells are 

combined. In some alternatives CD8+ and CD4+ cells can be combined in different ratios for 

example, a 1:1 ratio of CD8+ and CD4+, a ratio of 10:1 of CD8+ to CD4+, or a ratio of 100:1 

of CD8+ to CD4+, or any other ratio of CD8+ to CD4+ that is between any of the listed 

ratios. In some alternatives, the combined population is tested for cell proliferation in vitro 

and/or in vivo, and the ratio of cells that provides for proliferation of cells is selected. 

101911 	After transduction and/or selection for chimeric receptor bearing cells, the 

cell populations are preferably expanded in vitro until a sufficient number of cells are 

obtained to provide for at least one infusion into a human subject, typically around 104  

cells/kg to 109  cells/kg In some alternatives, the transduced cells are cultured in the presence 

of antigen bearing cells, anti CD3, anti CD28, and IL 2, IL-7, IL 15, or IL-21 or combinations 

thereof 

1.0192] 	In some alternatives, CD4+ and CD8+cells that proliferate in response to 

cytokine stimulation, antigen or tumor targets in vitro or in vivo are selected. For example, 

CD4+ or CD8+ transduced cells that proliferate vigorously when stimulated with antiCD3 

and/ or anti-CD28 are selected. In some alternatives, stimulation of transduced cells provides 

for enhanced transgene expression in the presence of an inducer (e.g. drug) of those trans 

genes under the control of an inducible promoter. 

101931 	Each of the subpopulations of CD4+ and CD8+ cells can be combined 

with one another. In a specific alternative, modified naive or central memory CD4+ cells are 

combined with modified central memory CD8+ T cells to provide a synergistic cytotoxic 

effect on antigen bearing cells, such as tumor cells. 

Compositions. 

101941 	The 	disclosure 	provides 	for 	an 	adoptive 	cellular 	immunotherapy 

composition comprising a genetically modified T lymphocyte cell preparation as described 

herein. In some alternatives, the T lymphocyte cell preparation comprises CD4 + T cells that 

have a chimeric receptor comprising an extracellular antibody variable domain specific for a 

ligand associated with the disease or disorder, a spacer region, a tnuamembrane domain, and 

an intracellular signaling domain of a T cell receptor or other receptors under the control of a 

73 



drug inducible promoter as described herein. In other alternatives, an adoptive cellular 

immunotherapy composition further comprises a chimeric receptor modified tumor-specific 

CD8+ cytotoxic T lymphocyte cell preparation that provides a cellular immune response, 

wherein the cytotoxic T lymphocyte cell preparation comprises CD8+ T cells that have a 

chimeric receptor comprising an extracellular single chain antibody specific for a ligand 

associated with the disease or disorder, a spacer region, a transmembrane domain, and an 

intracellular signaling domain of a T cell receptor under the control of a drug inducible 

promoter as described herein. In some alternatives, the chimeric receptor modified T cell 

population of the disclosure can persist in vivo for at least 3 days or longer. In an alternative, 

each of these populations can be combined with one another or other cell types to provide a 

composition. 

10195j 	In some alternatives, the CD4+ T helper lymphocyte cell is nave CD4+ T 

cells, central memory CD4+ T cells, effector memory CD4+ T cells, or bulk CD4+ T cells. In 

some alternatives, CI)4+ helper lymphocyte cell is a naive CD4+ T cell, wherein the naive 

CD4+ T cell comprises a CD45R0-, CD45RA+, and/or is a CD62L+ CD4+ T cell. 

(01961 	In some alternatives, the CD8+ T cytotoxic lymphocyte cell is a naïve 

CD8+ T cell, central memory CD8+ T cell, effector memory CD8+ T cell and/or bulk CD8+ 

T cell. In some alternatives, the CD8+ cytotoxic T lymphocyte cell is a central memory T cell, 

wherein the central memory T cell comprises a CD45RO+, CD62L+, and/or CD8+ T cell. In 

yet other alternatives, the CD8+ cytotoxic T lymphocyte cell is a central memory T cell and 

the CD4+ helper T lymphocyte cell is a naïve or central memory CD4+ T cell. 

101971 	In some alternatives, the compositions comprise T cell precursors. In some 

alternatives, the compositions comprise hematopoictic stem cells. In some alternatives, the 

composition comprises a host cell wherein the host cell is a CD8+ T cytotoxic lymphocyte 

cell selected from the group consisting of naïve CD8+ T cells, central memory CD8+ T cells, 

effector memory CD8+ T cells and bulk CD8+ T cells or a CD4+ T helper lymphocyte cell 

that is selected from the group consisting of naïve CI)4+ T cells, central memory CD4+ T 

cells. effector memory CD4+ T cells, and bulk CD4+ T cells and a second host cell, wherein 

the second host cell is a precursor T cell. In some alternatives, the precursor T cell is a 

hematopoietic stem cell. 

Methods. 
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10198] 	The disclosure provides methods of making adoptive immunotherapy 

compositions and uses or methods of using these compositions for performing cellular 

immunotherapy in a subject having a disease or disorder. In some alternatives, a method of 

manufacturing the compositions comprises obtaining a modified naïve or central memory 

CD4+ T helper cell, wherein the modified helper T lymphocyte cell preparation comprises 

CD4+ T cells that have a chimeric receptor comprising a ligand binding domain specific for a 

tumor cell surface molecule, a spacer domain, a transmembrane domain, and an intracellular 

signaling domain under control of an inducible promoter as described herein. In other 

alternatives, CD4+ cells have a cytokine or chemokine receptor under the control of an 

inducible promoter. 

10199] 	In another alternative, a method further comprises obtaining a modified 

CD8+ central memory T cell, wherein the modified central memory CD8 T lymphocyte cell 

preparation comprises CD8+ cells that have a chimeric receptor comprising a ligand binding 

domain, wherein the ligand binding domain is specific for a ligand, wherein the ligand is a 

tumor specific molecule, viral molecule, or any other molecule expressed on a target cell 

population, 	wherein 	the 	ligand 	can 	elicit recognition, 	modulation, 	inhibition, 	and/or 

elimination by a lymphocyte, a spacer domain, a transmembrane domain, and an intracellular 

signaling domain under control of the inducible promoter as described herein. In other 

alternatives, CD4+ cells have a cytokine or chemokine receptor under the control of an 

inducible promoter. 

102001 	The drug inducible promoter in both modified CD4+ T cells and modified 

CD8+ cytotoxic T cells can he the same or different. In some alternatives, in one population 

of cells the promoter linked to the chimeric antigen receptor is a constitutive promoter and in 

the other population it is an inducible promoter. For example, modified CD4+ T cells that 

have a chimeric receptor comprising a ligand binding domain specific for a tumor cell surface 

molecule, a spacer domain, a transmembrane domain, and an intracellular signaling domain 

under control of an constitutive promoter, while the CD8+ cytotoxic .1' cell comprises CD8+ 

cells that have a chimeric receptor comprising a ligand binding domain specific for a tumor 

cell surface molecule, a spacer domain, a transmembrane domain, and an intracellular 

signaling domain under control of the inducible promoter. 

102011 	In some alternatives. the polynucleotide can code for a chimeric antigen 

receptor that differs in the CD4+ versus the CD8+ cell population. The difference between the 

two constructs can include the specificity or affinity of the ligand binding domain for an 
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antigen or epitope, the length and sequence of the spacer region, and the intracellular 

signaling components. 

[02021 	The preparation of the CD4+ and CD8+ cells that are modified with a 

chimeric receptor is described throughout this disclosure. Antigen specific T lymphocytes can 

be obtained from a patient having the disease or disorder or can be prepared by in vitro 

stimulation of 1' lymphocytes in the presence of antigen. Subpopulations of CD4+ and/or 

CD8+ T lymphocytes that are not selected for antigen specificity can also be isolated as 

described herein and combined in the methods of manufacturing. 

102031 	In some alternatives, the combination of cell populations can be evaluated 

for uniformity of cell surface makers. the ability to proliferate through at least two 

generations, to have a uniform cell differentiation status. Quality control can be performed by 

co-culturing a cell line expressing the target ligand with chimeric receptor modified T cells 

and the drug that induces expression of the chimeric antigen receptor to determine if the 

chimeric receptor modified T cells recognize the cell line using cytotoxicity, proliferation, or 

cytokine production assays in the presence of the inducer that are known in the field. Cell 

differentiation status and cell surface markers on the chimeric receptor modified T cells can 

be determined by flow cytometry. In some alternatives, the markers and cell differentiation 

status on the CD8+ cells include CD3, CD8, CD62L, CD28, CD27, CD69, CD25, PD-1, 

CTLA-4. CD45RO, and/or CD45RA. In some alternatives, the markers and the cell 

differentiation status on the CD4+ cells include CD3, CD4, CD62L, CD28, CD27, CD69, 

CD25, PD-I, CTLA-4 CD45RO, and/or CD45RA. 

[02041 	In some alternatives, the chimeric receptor modified T cells as described 

herein arc able to persist in vivo for at least 3 days, or at least 10 days. In some alternatives, 

the chimeric receptor modified T cells as described herein, can proliferate in vivo through at 

least 2, or at least 3 generations as determined by CFSE dye dilution. Proliferation and 

persistence of the chimeric receptor modified T cells can be determined by using an animal 

model of the disease or disorder and administering the cells and determining persistence 

and/or proliferative capacity of the transferred cells. In other alternatives, proliferation and 

activation can be tested in vitro by going through multiple cycles of activation with antigen 

bearing cells. 

[0205j 	The 	disclosure 	also 	provides 	methods 	of 	performing 	cellular 

inununotherapy in a subject having a disease or disorder comprising: administering a 
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composition of lymphocytes expressing a chimeric receptor under the control of a drug 

inducible promoter as described herein, and administering the drug. 

102061 	In 	some 	alternatives, 	the 	drug 	is 	tamoxifen, 	variants, 	derivatives, 

pharmaceutical salts, solvates, and hydrates thereof as described herein. In some alternatives. 

the drug is delivered prior to, at the same time as the composition, or at later time points after 

the composition has been administered. 

102071 	In some alternatives, the drug is administered with the composition, and if 

a toxic effect of the composition is observed the drug is withdrawn until the toxic effects 

diminish. After the symptoms of toxicity diminish, the drug is administered again. In some 

alternatives, a drug can be administered again once symptoms of toxicity diminish. 

102081 	In some alternatives, the drug is administered with the composition but 

once the subject has a decrease in the tumor load or cancer cells, the drug is withdrawn for a 

period of time to allow the modified cells to rest and if there is no activity of the modified 

cells, the modified cells are not needed because of remission of the cancer. 

102091 	In other alternatives, a method comprises administering to the subject a 

genetically modified cytotoxic T lymphocyte cell preparation that provides a cellular immune 

response. wherein the cytotoxic T lymphocyte cell preparation comprises CD8 + T cells that 

have a chimeric receptor comprising a ligand binding domain, wherein the ligand binding 

domain is specific for a ligand, wherein the ligand is a tumor specific molecule, viral 

molecule, or any other molecule expressed on a target cell population, wherein the ligand can 

elicit recognition, modulation, inhibition, and/or elimination by a lymphocyte, a spacer 

domain, a transmembrane domain, and an intracellular signaling domain under the control of 

a drug inducible promoter as described herein, and/or a genetically modified helper T 

lymphocyte cell preparation that elicits direct tumor recognition and augments the genetically 

modified cytotoxic 1' lymphocyte cell preparations ability to mediate a cellular immune 

response, wherein the helper T lymphocyte cell preparation comprises CD4+ T cells that have 

a chimeric receptor comprising a ligand binding domain, wherein the ligand binding domain 

is specific for a ligand, wherein the ligand is a tumor specific molecule, viral molecule, or any 

other molecule expressed on a target cell population, wherein the ligand can elicit 

recognition. modulation, inhibition, and/or elimination by a lymphocyte, a spacer domain, a 

transmembrane domain, and an intracellular signaling domain under control of a constitutive 

or drug inducible promoter as described herein and administering the drug that induces the 

	

inducible promoter. In some alternatives, 	the administering of the drug is performed after 
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administering of the composition or host cells, wherein administering is performed I day. 2 

days, 3 days, 4 days, 5 days, 6 days, 7 days, 2 weeks, 4 weeks or two months, or any time in 

between any two values of time listed. 

102101 	In other alternatives, a method comprises administering to the subject a 

genetically modified cytotoxic T lymphocyte cell preparation that provides a cellular immune 

response, wherein the cytotoxic T lymphocyte cell preparation comprises CI)8 + I cells that 

have a chimeric receptor comprising a ligand binding domain specific for a tumor cell surface 

molecule, a spacer domain. a transmembrane domain, and an intracellular signaling domain 

under the control of a constitutive promoter as described herein, and/or a genetically modified 

helper T lymphocyte cell preparation that elicits direct tumor recognition and augments the 

genetically modified cytotoxic T lymphocyte cell preparations ability to mediate a cellular 

immune response, wherein the helper T lymphocyte cell preparation comprises CD4+ T cells 

that have a chimeric receptor comprising a ligand binding domain specific for a tumor cell 

surface molecule, a spacer domain, a transtnembrane domain, and en intracellular signaling 

domain under control of a constitutive or drug inducible promoter as described herein and 

administering the drug that induces the inducible promoter. In some alternatives, the tumor 

specific molecule is a tumor surface molecule. 

10211] 	In other alternatives, a method comprises administering to the subject a 

genetically modified cytotoxic T lymphocyte cell preparation that provides a cellular immune 

response, wherein the cytotoxic T lymphocyte cell preparation comprises CD8 + T cells that 

express a cytokine, chemokine receptor, a polypeptide that regulates apoptosis, and/or a 

polypeptide that modulates checkpoint signaling under the control of an inducible promoter 

as described herein, and/or a genetically modified helper T lymphocyte cell preparation that 

elicits direct tumor recognition 	and 	augments the 	genetically 	modified cytotoxic 	T 

lymphocyte cell preparations ability to mediate a cellular immune response, wherein the 

helper T lymphocyte cell preparation comprises CD4+ T cells that express a cytokine, 

chcmokine receptor, a polypeptide that regulates apoptosis, and/or a polypeptide that 

modulates checkpoint signaling under control of a constitutive or drug inducible promoter as 

described herein and administering the drug that induces the inducible promoter. In some 

alternatives, one or more of the cell populations expresses a chimeric antigen receptor under 

the control of a constitutive promoter. In some alternatives, the modulation of checkpoint 

signaling 	inhibits 	negative 	checkpoint 	regulators. 	In 	some 	alternatives, the negative 

checkpoint regulator comprises VISTA, LAC-3 and/or TIM3. 
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102121 	An effective amount of the drug for induction is an amount of the drug that 

provides for induction of the chimeric antigen receptor in at least 5 %, at least 10%. at least 

20%, at least 30%, at least 40%, at least 50%. at least 60%, at least 70%, at least 80%, at least 

90%, at least 100% or any number in between any of the listed percent values of the 

transd uced cells. 

[02131 	Another 	alternative 	describes 	a 	method 	of 	performing 	cellular 

immunotherapy in a subject having a disease or disorder comprising: analyzing a biological 

sample of the subject for the presence of a target molecule associated with the disease or 

disorder and administering the adoptive immunotherapy compositions described herein and 

administering the drug that induces the inducible promoter, wherein the chimeric receptor 

specifically binds to the target molecule. 

102141 	Subjects that can be treated by the present invention are, in general, human 

and other primate subjects, such as monkeys and apes for veterinary medicine purposes. The 

subjects can be male or female and can be any suitable age, including infant, juvenile, 

adolescent, adult, and geriatric subjects. 

102151 	The methods are useful in the treatment or inhibition of, for example, 

hematologic malignancy, melanoma, breast cancer, brain cancer, and other epithelial 

malignancies or solid tumors. In some alternatives, the molecule associated with the disease 

or disorder is an orphan tyrosine kinase receptor RORI. Her2, EGFR, CE7, hB7H3, CD19, 

CD20. CD22, mesothelin, CEA, or a hepatitis B surface antigen. 

102161 	Subjects that can be addressed using the methods described herein include 

subjects identified or selected as having cancer, including but not limited to color., lung, liver, 

breast, renal, prostate, ovarian, skin (including melanoma). bone, and brain cancer, etc. Such 

identification and/or selection can be made by clinical or diagnostic evaluation. 	In some 

alternatives the tumor associated antigens or molecules are known, such as melanoma, breast 

cancer, brain cancer, squamous cell carcinoma, colon cancer, leukemia, myeloma, and/or 

prostate cancer. In other alternatives the tumor associated molecules can be targeted with 

genetically modified T cells expressing an engineered chimeric receptor. Examples include 

but are not limited to B cell lymphoma, breast cancer, brain cancer, prostate cancer, and/or 

leukemia. 

[0217) 	Cells prepared as described above can be utilized in methods and 

compositions for adoptive immunotherapy in accordance with known techniques. or 
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variations thereof that will be apparent to those skilled in the art based on the instant 

disclosure. 

102181 	In some alternatives, the cells are formulated by first harvesting them from 

their culture medium, and then washing and concentrating the cells in a medium and 

container system suitable for administration (a "pharmaceutically acceptable" carrier) in a 

treatment-effective 	amount. 	Suitable 	infusion 	medium 	can 	be any 	isotonic 	medium 

formulation, typically normal saline. Normosol R (Abbott) or Plasma-Lyte A (Baxter), but 

also 5% dextrose in water or Ringer's lactate can be utilized. The infusion medium can be 

supplemented with human serum albumin, fetal bovine serum or other human serum 

components. 

10219) 	In some alternatives, a treatment or inhibitory effective amount of cells in 

the composition is a transduced CD4 or CD8 cell or at least 2 cell subsets (for example, 1 

CD8+ central memory T cell subset and 1 CD4+ helper T cell subset) or is more typically 

greater than 102  cells, and up to 106. up to and including 102  or 109  cells and can be more than 

10'0  cells. The number of cells will depend upon the ultimate use for which the composition 

is intended as will the type of cells included therein. For example. if cells that are specific for 

a particular antigen are desired, then the population will contain greater than 70%, generally 

greater than 80%, 85% and 90-95% of such cells. For uses provided herein, the cells are 

generally in a volume of a liter or less, can be 500 mls or less, even 250 mls or 100 ails or 

less or a volume in between any two listed volume values. Hence the density of the desired 

cells is typically greater than 104  cells/ml and generally is greater than 102  cells/ml, generally 

le cells/ml or greater. The clinically relevant number of immune cells can be apportioned 

into multiple infusions that cumulatively equal or exceed 106, le, le, lOs, le, low or 10t 1 

or any amount of cells defined between any two endpoints of any of the listed values. 

102201 	In some alternatives, the lymphocytes of the invention can be used to 

confer immunity to individuals. By "immunity" is meant a lessening of one or more physical 

symptoms associated with a response to infection by a pathogen, or to a tumor, to which the 

lymphocyte response is directed. The amount of cells administered is usually in the range 

present in normal individuals with immunity to the pathogen. Thus, the cells are usually 

administered by infusion, with each intbsion in a range of from 2 cells. up to at least 106  to 

3x101°  cells, preferably in the range of at least 	102  to 109  cells. The T cells can be 

administered by a single infusion, or by multiple infusions over a range of time. However, 

since different individuals are expected to vary in responsiveness, the type and amount of 
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cells infused, as well as the number of infusions and the time range over which multiple 

infusions are given are determined by the attending physician, and can be determined by 

routine examination. The generation of sufficient levels of T lymphocytes (including 

cytotoxic T lymphocytes and/or helper T lymphocytes) is readily achievable using the rapid 

expansion method of the present invention, as exemplified herein. 

102211 	In some alternatives, a composition as described herein is administered to 

an identified or selected subject. such as a subject identified or selected as having melanoma, 

breast cancer, brain cancer, squamous cell carcinoma, colon cancer, leukemia, myelorna, 

and/or prostate cancer, intravenously, intraperitoneally, intratumorly, into the bone marrow, 

into the lymph node, and /or into cerebrospinal fluid. In some alternatives, the chimeric 

receptor engineered compositions are delivered to the site of the tumor. Alternatively, the 

compositions as described herein can be combined with a compound that targets the cells to 

the tumor or the immune system compartments and avoid sites such as the lung. 

102221 	In some alternatives, the compositions as described herein are administered 

with chemotherapeutic agents and/or immunosuppressants. In an alternative, a patient is first 

administered a chemotherapeutic agent that inhibits or destroys other immune cells followed 

by the compositions described herein. In some cases, chemotherapy can he avoided entirely. 

102231 	In some alternatives, a method comprising administering the modified T 

cells as described herein in combination with the inducer (e.g. inducible drug) until the tumor 

burden is diminished. Once the tumor burden is diminished, the inducer drug can be 

withdrawn in order to switch the expression of the chimeric antigen receptor off and decrease 

the number of T cell expressing the receptor. In other alternatives, the inducer drug can be 

administered at different time in order to switch the expression of the chimeric antigen 

receptor on in the event of a relapse or increase in tumor growth. 

102241 	In other alternatives, the inducer drug can be given for a period of time of 

days, weeks, or months, and then withdrawn for days. weeks or months, followed by re-

administration of the inducer drug for days, weeks or months to allow for cycling of the 

expression of the chimeric antigen receptor to avoid anergy or nonresponsiveness due to 

chronic stimulation of the cells. 
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Vector construction and preparation of dual vackated lentivirus. 

[0225J 	An 	inducible 	lentiviral 	vector 	encoding 	7x HBD/mElb-CD19t- 

her2t-T2A-epH1V7) was constructed. CD19t specific chimeric receptors were constructed 

using:  (1) the VL and VH chain segments of the CD19-specific mAb FMC63 (SEQ ID NO: 

3), linked by a (04S)3 linker (SEQ ID NO: 12) peptide (VL-linker-VH); (2) a spacer domain 

derived from 1g04-Fc Hinge only (12 AA encoded by (SEQ ID NO: 4)). Spacers contained a 

S --, P substitution within the Hinge domain located at position 108 of the native lgG4-1:c 

protein; the 27 AA transmembrane domain of human CD28 (Uniprot Database: P10747, 

(SEQ II) NO: 14)); (4) a signaling module comprising either (i) the 41 AA cytoplasmic 

domain of human CD28 with an LL -4- GG substitution located at position 186-187 of the 

native CD28 protein (SEQ ID NO: 14) ; and/or (ii) the 42 AA cytoplasmic domain of human 

4-IBB (Uniprot Database: Q07011, (SEQ ID NO: 15)); linked to (iii) the 112 AA 

cytoplasmic domain of isoform 3 of human CD3c (Uniprot Database: P20963, (SEQ ID NO: 

16)). 

102261 	The nucleic acid sequences coding for the CD19t were linked with 

sequences coding for Her2t (SEQ Id NO: 44); and the self-cleaving T2A sequence (SEQ ID 

NO: 8). 

10227) 	A 	conditional 	lentiviral 	vector encoding 	7xHBD/mEF 1 ap-ZsGreen- 

epHIV7 was constructed. The synthetic promoter 7xHBD/mEF lap was constructed by 

combining seven minimal hepatocyte nuclear family-1 (HNF-1) binding sites cloned from the 

human albumin promoter and the huEFla promoter TATA box and has a sequence of (SEQ 

ID NO: 41). In this way, only in the presence of tarnoxifen does binding of flEA-3 to 

7xHBD/EFlmp promoter induce the "ON" state of transgene expression. 

(0228) 	A 	conditional 	lentiviral 	vector 	encoding 	7xHBD/mEFlap-CD19t- 

-T2A-DHFRdm epHIV7 was constructed. 	CD19t 	specific 	chimeric receptors were 

constructed using: (1) the VL and VH chain segments of the CD19-specific mAb FMC63 

(SEQ ID NO: 3), linked by a (G4S)3  linker (SEQ ID NO: 12) peptide (VL-linker-VH); (2) a 

spacer domain derived from IgG4-Fc Hinge only (12 AA encoded by (SEQ ID NO: 4)). 

Spacers contained a S -- P substitution within the Hinge domain located at position 108 of 

the native IgG4-Fc protein; the 27 AA transmembrane domain of human CD28 (Uniprot 

Database: P10747, (SEQ ID NO: 14)); (4) a signaling module comprising either (i) the 41 AA 

cytoplasmic domain of human CD28 with an LL 	GG substitution located at position 186- 
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187 of the native CD28 protein (SEQ ID NO: 14) ; and/or (ii) the 42 AA cytoplasmic domain 

of human 4-1BB (Uniprot Database: Q07011, (SEQ ID NO: 15)); linked to (iii) the 112 AA 

cytoplasmic domain of isofoim 3 of human CD34 (Uniprot Database: P20963, (SEQ ID NO: 

16)). 

102291 	The nucleic acid sequences coding for the CD19t were linked with 

sequences coding for the self-cleaving T2A sequence (SEQ ID NO: 8); and DHFRdm (SEQ 

ID NO: 46) 

10230) 	The transcriptional regulator, HEA-3, is a chimeric transcription factor 

composed of human subunits including the N-terminal DNA binding domain of Hepatocyte 

Nuclear Factor 1-alpha (HNF-1a) fused in frame to the mutant tamoxifen-specific ligand 

binding domain of the estrogen receptor ligand binding domain (ER-LBD), that is in turn 

fused to the p65 activation domain of NF-x13 (p65). In the absence of tamoxifen, HEA-3 is 

excluded from the nucleus by binding of cytosolic heat-shock protein 90 (HSP90) to the 

tamoxifen binding active site and transgene expression is in the "OFF" state. Nanomolar 

concentrations of cytosolic tamoxifen actively outcornpete BSP90 for ER-LBD binding, 

resulting in HEA-3 translocation to the nucleus. Upon nuclear translocation, HEA-3 is readily 

available to bind its restricted synthetic promoter. Transcriptional impunsiveness to HEA-3 in 

the presence of tamoxifen is achieved when transgenes are placed behind an HEA-3 

responsive synthetic promoter (7xHI3D/EF Imp). 

10231) 	A constitutive construct was constructed with a constitutive promoter EF-1 

a linked to a polynucleotide coding for a transcriptional activator HEA3 (SEQ ID NO: 39) 

and a marker sequence EGFRt (SEQ ID NO: 9). 

102321 	Human codon-optimized nucleotide sequences encoding each transgene 

were synthesized (LifeTechnologies, Carlsbad, CA) and cloned into the epHIV7 lentiviral 

vector using NheI and Not 1 restriction sites. The epH1V7 lentiviral vector had been derived 

from the pHIV7 vector by replacing the cytomegalovirus promoter of pHIV7 with an EF-1 

promoter. 

102331 	The inducible CD19 chimeric receptor-encoding and the constitutive 

lentivirus was produced in 293T cells co-transfected with the lentiviral vector and the 

packaging vectors pCIIGP-2, pCMV-Rev2 and pCMV-G using Calphos transfection reagent 

(Clontech). Medium was changed 16 hours after transfection, and lentivirus collected after 

24, 48 and 72 hours. 
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Generation of Jurkat T-cell lines expressing the CD19 chimeric receptors and ZsGreen 

when induced with tamoxifen. 

10234] 	Jurkat cells were transduced with lentiviral 	supernatant (M01 = 3) 

supplemented with 1 µg/mL polybrene (Millipore) on day 3 after activation by centrifugation 

at 2,100 rpm for 45 minutes at 32°C. T cells were expanded in RPMI, 10% human serum, 2 

mM L-glutamine and 1 % penicillin-streptomycin (CT1, medium), supplemented with 

recombinant human (rh) IL-2 to a final concentration of 50 U/mL every 48 hours. 

Additional Alternatives. 

102351 	In some alternatives, system for inducible expression of a chimeric antigen 

receptor is provided, wherein the system comprises a) a first nucleic acid comprising a first 

promoter inducible by a drug, wherein the first nucleic acid is operably linked to a 

polynucleotide coding for a chimeric antigen receptor comprising a ligand binding domain, 

wherein the ligand binding domain is specific for a liganci, wherein the ligand is a tumor 

specific molecule, viral molecule, or any other molecule expressed on a target cell population, 

wherein the ligand can elicit recognition, modulation, inhibition, and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the spacer is 

optimized a polynucleotide coding for a transmembrane domain; and d) a polynucleotide 

coding for an intracellular signaling domain; and 	b) a second nucleic acid comprising a 

second promoter operably linked to nucleic acid coding for a transcriptional activator for the 

inducible promoter.. In some alternatives. the spacer is optimized for increased T cell 

proliferation and/or cytokine production in response to the ligand as compared to a reference 

chimeric receptor. In some alternatives, the drug is tamoxifen and/or its metabolites. In some 

alternatives, the first promoter comprises a nucleic acid sequence of SEQ ID NO: 41. In some 

alternatives, the second promoter is a constitutive promoter. In some alternatives, the second 

promoter is the EFI up. In some alternatives, the transcriptional activator comprises a 

sequence of SEQ ID NO: 40. In some alternatives, the first nucleic acid further comprises a 

first vector and the second nucleic acid further comprises a second vector. In some 

alternatives, both vectors are packaged in a viral vector. In some alternatives, the viral vector 

is a lentivirus. In some alternatives, the first and second nucleic acid comprise a vector. In 

some alternatives, the first nucleic acid further comprises a nucleic acid sequence coding for a 
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selectable marker. In some alternatives, the second nucleic acid further comprises a nucleic 

acid coding for a selectable marker. 

102361 	In some alternatives, a system for inducible expression of chimeric antigen 

receptor comprises: a first nucleic acid comprising a first promoter inducible by a drug. 

wherein the first nucleic acid is operably linked to a polynucleotide coding for a cytokine, a 

chemokine, a polypeptide that regulates apoptosis and/or a polypeptide that modulates 

checkpoint signaling; and a second nucleic acid comprising a second promoter operably 

linked to a nucleic acid coding for a transcriptional activator for the inducible promoter. In 

some alternatives, the second promoter is constitutive or inducible. In an exemplary 

alternative, the second nucleic acid further comprises a polynucleotide coding for a chimeric 

antigen receptor, under the control of a constitutive promoter. 

102371 	In another aspect, the present disclosure provides compositions to confer 

and/or augment immune responses mediated by cellular immunotherapy, such as by 

adoptively transferring tumor-specific, subset specific genetically modified CD4-4 T cells, 

wherein the CD4+ T cells confer and/or augment the ability of CD8+ T cells to sustain anti- 

tumor reactivity and increase and/or maximize tumor-specific proliferation. 	In some 

alternatives, the CD4+ cells are genetically modified to express a chimeric receptor nucleic 

acid and/or chimeric receptor polypeptide under the control of a regulated promoter as 

described herein. 

[02381 	In another aspect, the present disclosure provides compositions to confer 

and/or augment immune responses mediated by cellular immunotherapy, such as by 

adoptively transferring tumor-specific. subset specific genetically modified CD8+ T cells. In 

some alternatives, the CD8+ T cells express a chimeric receptor nucleic acid and/or chimeric 

receptor polypeptide under the control of a regulated promoter, as described herein. 

[0239] 	In one alternative, the present invention provides a method of performing 

cellular immunotherapy in a subject having a disease or disorder by administering to the 

subject a genetically modified T lymphocyte cell preparation that provides a cellular immune 

response and administering a drug that induces a transgene in the genetically modified T 

lymphocyte cells. 

(02401 	In some alternatives, the genetically modified CD8+ and genetically 

modified CD4+ cell population are co-administered. In some alternatives, the T cells are 

autologous or allogencic T cells. Various modifications of the above method are possible. For 
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example. the chimeric receptor that is expressed by the CD4+ T cell and the CD8+ T cell can 

be the same or different. 

102411 	In some alternatives, a system for inducible expression of a chimeric: 

antigen receptor is provided, wherein the system comprises a) a first nucleic acid comprising 

a first promoter inducible by a drug, wherein the first nucleic acid is operably linked to a 

polynucleotidc coding for a chimeric antigen receptor comprising a ligand binding domain. 

wherein the ligand binding domain is specific for a ligand. wherein the ligand is a tumor 

specific molecule, viral molecule. or any other molecule expressed on a target cell population, 

wherein the ligand can elicit recognition, modulation, inhibition, and/or elimination by a 

lymphocyte; a polynucleotidc coding for a polypeptide spacer, wherein the spacer is 

optimized; a polynucleotide coding for a transmemhrane domain; and d) a polynucleotide 

coding for an intracellular signaling domain; and b) a second nucleic acid comprising a 

second promoter operably linked to nucleic acid coding for a transcriptional activator for the 

inducible promoter. In some alternatives, the second promoter is constitutive or inducible. In 

some alternatives, the drug is tamoxifen and/or its metabolites. In some alternatives, the first 

promoter comprises a nucleic acid sequence of SEQ ID NO: 41. In some alternatives, the 

second promoter is a constitutive promoter. In some alternatives, the second promoter is the 

EFlap. In some alternatives, the transcriptional activator comprises a sequence of SEQ ID 

NO: 40. In some alternatives, the first nucleic acid further comprises a first vector and the 

second nucleic acid further comprises a second vector. In some alternatives, both vectors are 

packaged in a viral vector. In some alternatives, the viral vector is a lentivirus. In some 

alternatives, the first and second nucleic acid comprise a vector. In some alternatives, the first 

nucleic acid further comprises a nucleic acid sequence coding for a selectable marker. In 

some alternatives, the second nucleic acid further comprises a nucleic acid coding for a 

selectable marker. In some alternatives, the spacer is optimized for increased T cell 

proliferation and/or cytokine production in response to the ligand as compared to a reference 

chimeric receptor. 

102421 	In some alternatives, a system for inducible expression of chimeric antigen 

receptor is provided, wherein the system comprises a) a first nucleic acid comprising a first 

promoter inducible by a drug, wherein the first nucleic acid is operably linked to a 

polynucleotide coding for a cytokinc, a chemokine receptor. a polypeptide that regulates 

apoptosis. or a polypeptide that modulates checkpoint signaling; and b) a second nucleic acid 

comprising a second promoter operably linked to nucleic acid coding for a transcriptional 
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activator for the inducible promoter. In some alternatives, the polypeptide that modulates 

checkpoint signaling inhibits negative checkpoint regulators. In some alternatives, the 

negative checkpoint regulator comprises VISTA, LAG-3 and/or TIM3. In some alternatives. 

the second nucleic acid further comprises a polynucleotide coding for chimeric antigen 

receptor comprising a ligand binding domain. wherein the ligand is a tumor specific 

molecule, viral molecule, or any other molecule expressed on a target cell population, 

wherein the ligand can elicit recognition, modulation, inhibition, and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the spacer is 

optimized; and d) a polynucleotide coding for an intracellular signaling domain. 	In some 

alternatives, the spacer is optimized for increased T cell proliferation and/or cytokine 

production in response to the ligand as compared to a reference chimeric receptor; a 

polynucleotide coding for a transmembrane domain. In some alternatives, the first promoter is 

in opposite orientation to the second promoter. In some alternatives, the ligand binding 

domain is an antibody fragment. In some alternatives, the ligand binding domain is single 

chain variable fragment. In some alternatives, the tumor specific molecule is CD19, CD20, 

CD22, CD23, CD123, CS-I, ROR1, CE7, EGFR, hB7H3, mesothelin, c-Met, PSMA, Her2, 

GD-2, or MAGE A3 TCR or combinations thereof. In some alternatives, the second promoter 

is an inducible promoter or a constitutive promoter. 

[02431 	In some alternatives, a chimeric receptor polypeptide is provided, wherein 

the chimeric receptor polypetide is coded for by a system. In some alternatives, the system 

comprises a) a first nucleic acid comprising a first promoter inducible by a drug, wherein the 

first nucleic acid is operably linked to a polynucleotide coding for a chimeric antigen receptor 

comprising a ligand binding domain. wherein the ligand binding domain is specific for a 

ligand, wherein the ligand is a tumor specific molecule, viral molecule, or any other molecule 

expressed on a target cell population, wherein the ligand can elicit recognition, modulation, 

inhibition, and/or elimination by a lymphocyte, a polynucleotide coding for a polypeptide 

spacer, wherein the spacer is optimized; a polynucleotide coding for a transmembrane 

domain, and d) a polynucleotide coding for an intracellular signaling domain, and 	b) a 

second nucleic acid comprising a second promoter operably linked to nucleic acid coding for 

a transcriptional activator for the inducible promoter.. In some alternatives, the drug is 

tamoxifen and/or its metabolites. In some alternatives, the first promoter comprises a nucleic 

acid sequence of SEQ ID NO: 41. In some alternatives, the second promoter is a constitutive 

promoter. In some alternatives, the second promoter is the F,F lap. In some alternatives, the 
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transcriptional activator comprises a sequence of SEQ ID NO: 40. In some alternatives, the 

first nucleic acid further comprises a first vector and the second nucleic acid further 

comprises a second vector. In some alternatives, both vectors arc packaged in a viral vector. 

In some alternatives, the viral vector is a lentivirus. In some alternatives, the first and second 

nucleic acid comprise a vector. In some alternatives, the first nucleic acid further comprises a 

nucleic acid sequence coding for a selectable marker. In some alternatives, the second nucleic 

acid further comprises a nucleic acid coding for a selectable marker. In some alternatives, the 

system comprises a) a first nucleic acid comprising a first promoter inducible by a drug, 

wherein the first nucleic acid is operably linked to a polynucleotide coding for a cytokine, a 

chemokine receptor. a polypeptide that regulates apoptosis, or a polypeptide that modulates 

checkpoint signaling and b) a second nucleic acid comprising a second promoter operably 

linked to nucleic acid coding for a transcriptional activator for the inducible promoter. In 

some alternatives, the polypeptide that modulates checkpoint signaling inhibits negative 

checkpoint regulators. In some alternatives, the negative checkpoint regulator comprises 

VISTA, LAG-3 and/or TIM3. In some alternatives, the second nucleic acid further comprises 

a polynucleotide coding for chimeric antigen receptor comprising a ligand binding domain. 

wherein the ligand is a tumor specific molecule, viral molecule, or any other molecule 

expressed on a target cell population, wherein the ligand can elicit recognition, modulation, 

inhibition, and/or elimination by a lymphocyte; a polynucleotide coding for a polypeptide 

spacer, wherein the spacer is optimized; a polynucleotide coding for a transmembrane 

domain; and d) a polynucleotide coding for an intracellular signaling domain. In some 

alternatives, the spacer is optimized for increased T cell proliferation and/or cytokine 

production in response to the ligand as compared to a reference chimeric receptor. In some 

alternatives, the first promoter is in opposite orientation to the second promoter. In some 

alternatives, the ligand binding domain is an antibody fragment. In some alternatives, the 

tumor specific molecule is selected from the group consisting of CD19, CD20, CD22, CD23. 

CD123, CS-1, ROR1, CE7, EGFR, hB7H3, mesothelin, c-Met, PSMA, Her2, GD-2, and 

MAGE A3 TCR or combinations thereof. In some alternatives, the system comprises a) a first 

nucleic acid comprising a first promoter inducible by a drug, wherein the fast nucleic acid is 

operably linked to a polynucleotide coding for a cytokine. a chcmokine receptor, a 

polypeptide that regulates apoptosis, or a polypeptide that modulates checkpoint signaling; 

and b) a second nucleic acid comprising a second constitutive or inducible promoter operably 

linked to nucleic acid coding for a transcriptional activator for the inducible promoter. In 

88 



some alternatives, the polypeptide that modulates checkpoint signaling inhibits negative 

checkpoint regulators. In some alternatives, the negative checkpoint regulator comprises 

VISTA, LAG-3 and/or TIM3. In some alternatives, the second nucleic acid further comprises 

a polynucleotide coding for chimeric antigen receptor comprising a ligand binding domain. 

wherein the ligand is a tumor specific molecule, viral molecule, or any other molecule 

expressed on a target cell population, wherein the ligand can elicit recognition, modulation. 

inhibition, and/or elimination by a lymphocyte; a polynucleotide coding for a polypeptide 

spacer, wherein the spacer is optimized; and d) a polynucleotide coding for an intracellular 

signaling domain. In some alternatives, the spacer is optimized for increased T cell 

proliferation and/or cytokine production in response to the ligand as compared to a reference 

chimeric receptor; a polynucleotide coding for a transmembranc domain In some alternatives, 

the first promoter is in opposite orientation to the second promoter. In some alternatives, the 

ligand binding domain is an antibody fragment. In some alternatives, the ligand binding 

domain is single chain variable fragment. In some alternatives, the tumor specific molecule is 

selected from the group consisting of CD19, CD20, CD22, CD23, CDI 23, CS-I, ROR1, 

CE7, EGFR, hB7H3, mesothelin, c-Met, PSMA, Her2, GD-2, and MAGE A3 TCR or 

combinations thereof. In some alternatives, the spacer is optimized for increased T cell 

proliferation and/or cytokine production in response to the ligand as compared to a reference 

chimeric receptor. In some alternatives, the second promoter is an inducible promoter. In 

some alternatives, the second promoter is constitutive promoter. 

10244] 	In some alternatives, a host cell is provided, wherein the host cell 

comprises a system. In some alternatives, the system comprises a) a first nucleic acid 

comprising a first promoter inducible by a drug, wherein the first nucleic acid is operably 

linked to a polynucleotide coding for a chimeric antigen receptor comprising a ligand binding 

domain, wherein the ligand binding domain is specific for a ligand, wherein the ligand is a 

tumor specific molecule, viral molecule, or any other molecule expressed on a target cell 

population, wherein the ligand can 	elicit recognition, modulation, 	inhibition, 	and/or 

elimination by a lymphocyte, a polynucleotide coding for a polypeptidc spacer, wherein the 

spacer is optimized; a polynucleotide coding for a transmembrane domain, and d) a 

polynucleotide coding for an intracellular signaling domain, and 	b) a second nucleic acid 

comprising a second promoter operably linked to nucleic acid coding for a transcriptional 

activator for the inducible promoter.. In some alternatives. the drug is tamoxifen and/or its 

metabolites. In some alternatives, the first promoter comprises a nucleic acid sequence of 
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SEQ ID NO: 41. In some alternatives, the second promoter is a constitutive promoter. In 

some alternatives, the second promoter is the EF lap. In some alternatives, the transcriptional 

activator comprises a sequence of SEQ ID NO: 40. In some alternatives, the first nucleic acid 

further comprises a first vector and the second nucleic acid further comprises a second vector. 

In some alternatives, both vectors are packaged in a viral vector. In some alternatives, the 

viral vector is a lentivirus. In some alternatives, the first and second nucleic acid comprise a 

vector. In some alternatives, the first nucleic acid further comprises a nucleic acid sequence 

coding for a selectable marker. In some alternatives, the second nucleic acid further comprises 

a nucleic acid coding for a selectable marker. In some alternatives, the system comprises a) a 

first nucleic acid comprising a first promoter inducible by a drug, wherein the first nucleic 

acid is operably linked to a polynucleotide coding for a cytokine, a chemokine receptor, a 

polypeptide that regulates apoptosis, or a polypeptide that modulates checkpoint signaling and 

b) a second nucleic acid comprising a second promoter operably linked to nucleic acid coding 

for a transcriptional activator for the inducible promoter. In some alternatives, the polypeptide 

that modulates checkpoint signaling inhibits negative checkpoint regulators. In some 

alternatives, the negative checkpoint regulator comprises VISTA, LACr-3 and/or TIM3. In 

some alternatives, the second nucleic acid further comprises a polynucleotide coding for 

chimeric antigen receptor comprising a ligand binding domain, wherein the ligand is a tumor 

specific molecule, viral molecule, or any other molecule expressed on a target cell population, 

wherein the ligand can elicit recognition, modulation, inhibition, and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the spacer is 

optimized; a polynucleotide coding for a transmembranc domain; and d) a polynucleotide 

coding for an intracellular signaling domain. In some alternatives, the spacer is optimized for 

increased T cell proliferation and/or cytokine production in response to the ligand as 

compared to a reference chimeric receptor. In some alternatives, the first promoter is in 

opposite orientation to the second promoter. In some alternatives, the ligand binding domain 

is an antibody fragment. In some alternatives, the tumor specific molecule is selected from the 

group consisting of CD19, CD20, CD22, CD23, CD123, CS-1, ROR1, CE7, EGFR, hB7H3, 

mesothclin, c-Met, PSMA, Her2, GD-2, and MAGE A3 TCR or combinations thereof. In 

some alternatives, the system comprises a) a first nucleic acid comprising a first promoter 

inducible by a drug. wherein the first nucleic acid is operably linked to a polynucleotide 

coding for a cytokine. a chemokine receptor, a polypeptide that regulates apoptosis, or a 

polypeptidc that modulates checkpoint signaling; and b) a second nucleic acid comprising a 
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second constitutive or inducible promoter operably linked to nucleic acid coding for a 

transcriptional activator for the inducible promoter. In some alternatives, the polypeptide that 

modulates checkpoint signaling inhibits negative checkpoint regulators. In some alternatives, 

the negative checkpoint regulator comprises VISTA, LAG-3 and/or TIM3. In some 

alternatives, the second nucleic acid further comprises a polynucleotide coding for chimeric 

antigen receptor comprising a ligand binding domain, wherein the ligand is a tumor specific 

molecule, viral molecule, or any other molecule expressed on a target cell population, 

wherein the ligand can elicit recognition, modulation, inhibition, and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the spacer is 

optimized; and d) a polynucleotide coding for an intracellular signaling domain. In some 

alternatives, the spacer is optimized for increased T cell proliferation and/or cytokine 

production in response to the ligand as compared to a reference chimeric receptor; a 

polynucleotide coding for a transmembrane domain In some alternatives, the first promoter is 

in opposite orientation to the second promoter. In some alternatives, the ligand binding 

domain is an antibody fragment. In some alternatives, the ligand binding domain is single 

chain variable fragment. In some alternatives, the tumor specific molecule is selected front 

the group consisting of CD19, CD20, CD22, CD23, CDI23, CS-1, ROR1, CE7, EGFR, 

hB7H3, mesothelin, c-Met, PSMA, Her2, GD-2, and MAGE A3 TCR or combinations 

thereof In some alternatives, the spacer is optimized for increased T cell proliferation and/or 

cytokine production in response to the ligand as compared to a reference chimeric receptor. In 

some alternatives, the second promoter is an inducible promoter. In some alternatives, the 

second promoter is constitutive promoter. In some alternatives, the tumor specific molecule is 

selected from the group consisting of CD19, CD20, CD22, CD23, CDI23, CS-1, ROR1, 

CE7, EGFR, hB71I3, mesothelin, c-Met, PSMA, Her2, GD-2, and MAGE A3 TCR or 

combinations thereof. In some alternatives, the host cell is a CD8+ T cytotoxic lymphocyte 

cell selected from the group consisting of naYve CD8+ T cells, central memory CD8+ 'I' cells, 

effector memory CD8+ T cells and bulk CD8+ T cells. In some alternatives, the host cell is a 

CD4+ T helper lymphocyte cell that is selected from the group consisting of naive CD4+ T 

cells, central memory CD4+ T cells. effector memory CD4+ T cells, and bulk CD4+ T cells. 

In some alternatives, the spacer is optimized for increased T cell proliferation and/or cytokine 

production in response to the ligand as compared to a reference chimeric receptor. In some 

alternatives, the host cell is a precursor T cell. In some alternatives, the precursor T cell is a 

hematopoietic stem cell. 
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102451 	In some alternatives, a composition is provided. wherein the composition 

comprises a host cell in a pharmaceutically acceptable excipient. In some alternatives, the 

host cell comprises a system. In some alternatives, the system comprises a) a first nucleic acid 

comprising a first promoter inducible by a drug, wherein the first nucleic acid is operably 

linked to a polynucleotide coding for a chimeric antigen receptor comprising a ligand binding 

domain, wherein the ligand binding domain is specific for a ligand, wherein the ligand is a 

tumor specific molecule, viral molecule, or any other molecule expressed on a target cell 

population, 	wherein 	the 	ligand 	can 	elicit recognition, 	modulation, 	inhibition, 	and/or 

elimination by a lymphocyte, a polynucleotide coding for a polypeptide spacer, wherein the 

spacer is optimized; a polynucleotide coding for a transmembrane domain, and d) a 

polynucleotide coding for an intracellular signaling domain, and 	h) a second nucleic acid 

comprising a second promoter operably linked to nucleic acid coding for a transcriptional 

activator for the inducible promoter.. In some alternatives, the drug is tamoxifen and/or its 

metabolites. In some alternatives, the first promoter comprises a nucleic acid sequence of 

SEQ ID NO: 41. In some alternatives, the second promoter is a constitutive promoter. In 

some alternatives, the second promoter is the EFlap. In some alternatives, the transcriptional 

activator comprises a sequence of SEQ II) NO: 40. In some alternatives, the first nucleic acid 

further comprises a first vector and the second nucleic acid further comprises a second vector. 

In some alternatives, both vectors are packaged in a viral vector. In some alternatives, the 

viral vector is a lentivirus. In some alternatives, the first and second nucleic acid comprise a 

vector. In some alternatives, the first nucleic acid further comprises a nucleic acid sequence 

coding for a selectable marker. In some alternatives, the second nucleic acid further comprises 

a nucleic acid coding for a selectable marker. In some alternatives, the system comprises a) a 

first nucleic acid comprising a first promoter inducible by a drug, wherein the first nucleic 

acid is operably linked to a polynucleotide coding for a cytokine, a chemokine receptor, a 

polypeptide that regulates apoptosis. or a polypeptide that modulates checkpoint signaling and 

b) a second nucleic acid comprising a second promoter operably linked to nucleic acid coding 

for a transcriptional activator for the inducible promoter. In some alternatives, the polypeptide 

that modulates checkpoint 	signaling inhibits negative checkpoint regulators. 	In some 

alternatives, the negative checkpoint regulator comprises VISTA. LAG-3 and/or TIM3. In 

some alternatives, the second nucleic acid further comprises a polynucleotide coding for 

chimeric antigen receptor comprising a ligand binding domain, wherein the ligand is a tumor 

specific molecule, viral molecule, or any other molecule expressed on a target cell population. 
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wherein the ligand can elicit recognition, modulation, inhibition, and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the spacer is 

optimized; a polynucleotide coding for a transmembrane domain; and d) a polynucleotide 

coding for an intracellular signaling domain. In some alternatives, the spacer is optimized for 

increased T cell proliferation and/or cytokine production in response to the ligand as 

compared to a reference chimeric receptor. In some alternatives, the first promoter is in 

opposite orientation to the second promoter. In some alternatives, the ligand binding domain 

is an antibody fragment. In some alternatives. the tumor specific molecule is selected from the 

group consisting of CD19, CD20, CD22, CD23, CD123, CS-1, ROR I, CE7, EGFR, hB7113, 

mesothelin, c-Met, PSMA, Her2, GD-2, and MAGE A3 TCR or combinations thereof. In 

some alternatives, the system comprises a) a first nucleic acid comprising a first promoter 

inducible by a drug, wherein the first nucleic acid is operably linked to a polynucleotide 

coding for a cytokine, a chemokine receptor, a polypeptide that regulates apoptosis, or a 

polypeptide that modulates checkpoint signaling; and b) a second nucleic acid comprising a 

second constitutive or inducible promoter operably linked to nucleic acid coding for a 

transcriptional activator for the inducible promoter. In some alternatives, the polypeptide that 

modulates checkpoint signaling inhibits negative checkpoint regulators. In some alternatives, 

the negative checkpoint regulator comprises VISTA, LAG-3 and/or TIM3. In some 

alternatives, the second nucleic acid further comprises a polynucleotide coding for chimeric 

antigen receptor comprising a ligand binding domain, wherein the ligand is a tumor specific 

molecule, viral molecule, or any other molecule expressed on a target cell population, 

wherein the ligand can elicit recognition, modulation, inhibition, and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer. wherein the spacer is 

optimized; mid d) a polynucleotide coding for an intracellular signaling domain. In some 

alternatives, the spacer is optimized for increased T cell proliferation and/or cytokine 

production in response to the ligand as compared to a reference chimeric receptor; a 

polynucleotide coding for a transmembrane domain In some alternatives, the first promoter is 

in opposite orientation to the second promoter. In some alternatives, the ligand binding 

domain is an antibody fragment. In some alternatives, the ligand binding domain is single 

chain variable fragment. In some alternatives, the tumor specific molecule is selected from 

the group consisting of CD19, CD20, CD22, CD23, CD123, CS-1. ROR1, CE7, EGFR. 

hB7H3, mesothelin, c-Met, PSMA, Her2, GD-2, and MAGE A3 TCR or combinations 

thereof. In some alternatives, the spacer is optimized for increased 'I' cell proliferation and/or 

93 



cytokine production in response to the ligand as compared to a reference chimeric receptor. In 

some alternatives, the second promoter is an inducible promoter. In some alternatives, the 

second promoter is constitutive promoter. In some alternatives, the host cell is a CD8+ T 

cytotoxic lymphocyte cell selected from the group consisting of naYve CD8+ T cells, central 

memory CD8+ T cells, effector memory CD8+ T cells and bulk CD8+ I cells. In some 

alternatives, the host cell is a CD4+ T helper lymphocyte cell that is selected from the group 

consisting of naïve CD4+ 1' cells, central memory CD4+ T cells, effector memory CD4+ T 

cells. and bulk CD4+ T cells. In some alternatives. the composition comprises a host cell 

wherein the host cell is a CD8+ T cytotoxic lymphocyte cell selected from the group 

consisting of naïve CD8+ T cells, central memory CD8+ T cells, effector memory CD8+ T 

cells and bulk CD8+ T cells and further comprises another host cell wherein the host cell is a 

CD4+ T helper lymphocyte cell that is selected from the group consisting of naive CD4+ T 

cells, central memory CD4-+ T cells, effector memory CD4+ T cells, and bulk CD4+ T cells. 

In some alternatives, the composition comprises a host cell wherein the host cell is a CD8+ T 

cytotoxic lymphocyte cell selected from the group consisting of naïve CD8+ 1' cells. central 

memory CD8+ T cells, effector memory CD8+ T cells and bulk CD8+ T cells or a CD4+ T 

helper lymphocyte cell that is selected from the group consisting of naive CD4+ T cells, 

central memory CD4+ T cells, effector memory CD4+ I cells, and bulk CD4+ I cells and a 

second host cell, wherein the second host cell is a precursor T cell. In some alternatives, the 

precursor T cell is a hematopoietic stem cell. 

[0246] 	In some alternatives, an in vitro method for preparing a host cell is 

provided wherein the method comprises a) providing a system and b) introducing the system 

into a separate isolated T lymphocyte population and expanding each T lymphocyte 

population in vitro. In some alternatives, the system comprises a) a first nucleic acid 

comprising a first promoter inducible by a drug, wherein the first nucleic acid is operably 

linked to a polynucleotide coding for a chimeric antigen receptor comprising a ligand binding 

domain, wherein the ligand binding domain is specific for a ligand, wherein the ligand is a 

tumor specific molecule, viral molecule, or any other molecule expressed on a target cell 

population, 	wherein the 	ligand 	can 	elicit 	recognition, 	modulation, 	inhibition, 	and/or 

elimination by a lymphocyte, a polynucleotide coding for a polypeptide spacer, wherein the 

spacer is optimized; a polynucleotide coding for a transmembrane domain, and d) a 

polynucleotide coding for an intracellular signaling domain, and 	b) a second nucleic acid 

comprising a second promoter operably linked to nucleic acid coding for a transcriptional 
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activator for the inducible promoter.. In some alternatives, the drug is tarnoxifen and/or its 

metabolites. In some alternatives, the first promoter comprises a nucleic acid sequence of 

SEQ ID NO: 41. In sonic alternatives, the second promoter is a constitutive promoter. In 

some alternatives, the second promoter is the EFlup. In some alternatives, the transcriptional 

activator comprises a sequence of SEQ ID NO: 40. In some alternatives, the first nucleic acid 

further comprises a first vector and the second nucleic acid further comprises a second vector. 

In some alternatives, both vectors are packaged in a viral vector. In some alternatives, the 

viral vector is a lentivirus. In some alternatives, the first and second nucleic acid comprise a 

vector. In some alternatives, the first nucleic acid further comprises a nucleic acid sequence 

coding for a selectable marker. In some alternatives, the second nucleic acid further comprises 

a nucleic acid coding for a selectable marker. In some alternatives, the system comprises a) a 

first nucleic acid comprising a first promoter inducible by a drug, wherein the first nucleic 

acid is operably linked to a polynucleotide coding for a cytokine, a chemokine receptor, a 

polypeptide that regulates apoptosis, or a polypeptide that modulates checkpoint signaling and 

b) a second nucleic acid comprising a second promoter operably linked to nucleic acid coding 

for a transcriptional activator for the inducible promoter. In some alternatives, the polypeptide 

that modulates checkpoint signaling inhibits negative checkpoint regulators. In some 

alternatives, the negative checkpoint regulator comprises VISTA, LAG-3 and/or TIM3. In 

some alternatives, the second nucleic acid further comprises a polynucleotide coding for 

chimeric antigen receptor comprising a ligand binding domain, wherein the ligand is a tumor 

specific molecule, viral molecule, or any other molecule expressed on a target cell population, 

wherein the ligand can elicit recognition, modulation, inhibition, and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer. wherein the spacer is 

optimized; a polynucleotide coding for a transmembrane domain; and d) a polynucleotide 

coding for an intracellular signaling domain. In some alternatives, the spacer is optimized for 

increased 'I' cell proliferation and/or cytokine production in response to the ligand as 

compared to a reference chimeric receptor. In some alternatives, the first promoter is in 

opposite orientation to the second promoter. In some alternatives, the ligand binding domain 

is an antibody fragment. In some alternatives, the tumor specific molecule is selected from the 

group consisting of CD19, CI)20, CD22, CD23, CD123, CS-1, ROR1, CE7, EGFR, hB7H3, 

mesothelin, c-Met, PSMA, Her2, GD-2, and MAGE A3 TCR or combinations thereof. In 

some alternatives, the system comprises a) a first nucleic acic comprising a first promoter 

inducible by a drug, wherein the first nucleic acid is operably linked to a polynucleotidc 
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coding for a cytokine, a chemokine receptor, a polypeptide that regulates apoptosis, or a 

polypeptide that modulates checkpoint signaling; and b) a second nucleic acid comprising a 

second constitutive or inducible promoter operably linked to nucleic acid coding for a 

transcriptional activator for the inducible promoter. In some alternatives, the polypeptide that 

modulates checkpoint signaling inhibits negative checkpoint regulators. In some alternatives, 

the negative checkpoint regulator comprises VISTA, LAG-3 and/or TIM3. In some 

alternatives, the second nucleic acid further comprises a polynucleotide coding for chimeric 

antigen receptor comprising a ligand binding domain, wherein the ligand is a tumor specific 

molecule. viral molecule, or any other molecule expressed on a target cell population, 

wherein the ligand can elicit recognition, modulation, inhibition, and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the spacer is 

optimized; and d) a polynucleotide coding for an intracellular signaling domain. In some 

alternatives, the spacer is optimized for increased T cell proliferation and/or cytokine 

production in response to the ligand as compared to a reference chimeric receptor; a 

polynucleotide coding for a transmembrane domain. 	In some alternatives, the first promoter 

is in opposite orientation to the second promoter. In some alternatives, the ligand binding 

domain is an antibody fragment. In some alternatives, the ligand binding domain is single 

chain variable fragment. In some alternatives, the tumor specific molecule is selected from 

the group consisting of CD19, CD20, CD22, CD23, CD123, CS-I. RORI, CE7, F.GFR, 

hB7113, mesothelin, c-Met, PSMA, Her2, GD-2, and MAGE A3 TCR or combinations 

thereof. hi some alternatives, the spacer is optimized for increased T cell proliferation and/or 

cytokine production in response to the ligand as compared to a reference chimeric receptor. In 

some alternatives, the second promoter is an inducible promoter. In some alternatives, the 

second promoter is constitutive promoter. In some alternatives, wherein the T lymphocytes 

are expanded, the method further comprises culturing the cells in the presence of anti-CD3 

and/or anti CD28, and at least one homeostatic cytokine until the cells expand sufficiently for 

use as a cell infusion. In some alternatives, the lymphocyte is CD8+ or CD4+. In some 

alternatives, the cells are precursor T cells. In some alternatives, the cells are hematopoietic 

stern cells. In some alternatives, the composition comprises a host cell wherein the host cell is 

a CD8+ T cytotoxie lymphocyte cell selected from the group consisting of naive CD8+ T 

cells, central memory CD8+ T cells, effector memory CD8+ T cells and bulk CD8+ T cells or 

a CD4+ T helper lymphocyte cell that is selected from the group consisting of naïve CD4+ T 

cells, central memory CD4+ T cells, effector memory CD4+ T cells, a►nd bulk CD4+ '1 cells 
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and a second host cell, wherein the second host cell is a precursor T cell. In some alternatives, 

the precursor T cell is a hematopoietic stem cell. 

10247] 	In some alternatives, a use of a host cell or a composition in combination 

with a drug that induces expression of a transgene in the host cell or composition for the 

treatment of cancer or a viral infection is provided. In some alternatives, the host cell 

comprises a system. In some alternatives, the system comprises a) a first nucleic acid 

comprising a first promoter inducible by a drug, wherein the first nucleic acid is operably 

linked to a polynucleotide coding for a chimeric antigen receptor comprising a ligand binding 

domain, wherein the ligand binding domain is specific for a ligand, wherein the ligand is a 

tumor specific molecule, viral molecule, or any other molecule expressed on a target cell 

population, 	wherein the ligand can 	elicit recognition, modulation, 	inhibition, and/or 

elimination by a lymphocyte, a polynucleotide coding for a polypeptide spacer, wherein the 

spacer is optimized; a polynucleotide coding for a transmembrane domain, and d) a 

polynucleotide coding for an intracellular signaling domain, and 	b) a second nucleic acid 

comprising a second promoter operably linked to nucleic acid coding for a transcriptional 

activator for the inducible promoter.. In some alternatives, the drug is tamoxifen and/or its 

metabolites. In some alternatives, the first promoter comprises a nucleic acid sequence of 

SEQ ID NO: 41. In some alternatives, the second promoter is a constitutive promoter. In 

some alternatives, the second promoter is the EFlap. In some alternatives, the transcriptional 

activator comprises a sequence of SEQ ID NO: 40. In some alternatives, the first nucleic acid 

further comprises a first vector and the second nucleic acid further comprises a second vector. 

In some alternatives, both vectors are packaged in a viral vector. In some alternatives, the 

viral vector is a lentivirus. In some alternatives, the first and second nucleic acid comprise a 

vector. In some alternatives, the first nucleic acid further comprises a nucleic acid sequence 

coding for a selectable marker. In some alternatives, the second nucleic acid further comprises 

a nucleic acid coding for a selectable marker. In some alternatives, the system comprises a) a 

first nucleic acid comprising a first promoter inducible by a drug, wherein the first nucleic 

acid is operably linked to a polynucleotide coding for a cytokine, a chemokine receptor, a 

polypeptide that regulates apoptosis, or a polypeptide that modulates checkpoint signaling and 

b) a second nucleic acid comprising a second promoter operably linked to nucleic acid coding 

for a transcriptional activator for the inducible promoter. In some alternatives, the polypeptide 

that modulates checkpoint signaling inhibits negative checkpoint regulators. In some 

alternatives, the negative checkpoint regulator comprises VISTA, LAG-3 and/or TIM3. In 
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some alternatives, the second nucleic acid further comprises a polynucleotide coding for 

chimeric antigen receptor comprising a ligand binding domain, wherein the ligand is a tumor 

specific molecule, viral molecule, or any other molecule expressed on a target cell population, 

wherein the ligand can elicit recognition, modulation, inhibition, and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the spacer is 

optimized; a polynucleotide coding for a transmembrane domain; and d) a polynucleotide 

coding for an intracellular signaling domain. In some alternatives, the spacer is optimized for 

increased T cell proliferation and/or cytokine production in response to the ligand as 

compared to a reference chimeric receptor. In some alternatives, the first promoter is in 

opposite orientation to the second promoter. In some alternatives, the ligand binding domain 

is an antibody fragment. In some alternatives, the tumor specific molecule is selected from the 

group consisting of CDI9, CD20, CD22, CD23, CD123, CS-1, RORI, CE7, EGFR, hB7H3, 

mesothelin, c-Met, PSMA, Her2, GD-2, and MAGE A3 TCR or combinations thereof. In 

some alternatives. the system comprises a) a first nucleic acid comprising a first promoter 

inducible by a drug, wherein the first nucleic acid is operably linked to a polynucleotide 

coding for a cytokine, a chemokine receptor, a polypeptide that regulates apoptosis, or a 

polypeptide that modulates checkpoint signaling; and b) a second nucleic acid comprising a 

second constitutive or inducible promoter operably linked to nucleic acid coding for a 

transcriptional activator for the inducible promoter. In some alternatives, the polypeptide that 

modulates checkpoint signaling inhibits negative checkpoint regulators. In some alternatives, 

the negative checkpoint regulator comprises VISTA. LAG-3 and/or TIM3. In some 

alternatives, the second nucleic acid further comprises a polynucicotidc coding for chimeric 

antigen receptor comprising a ligand binding domain, wherein the ligand is a tumor specific 

molecule, viral molecule, or any other molecule expressed on a target cell population, 

wherein the ligand can elicit recognition, modulation, inhibition, and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the spacer is 

optimized; and d) a polynucleotide coding for an intracellular signaling domain. In some 

alternatives, the spacer is optimized for increased T cell proliferation and/or cytokine 

production in response to the ligand as compared to a reference chimeric receptor, a 

polynucleotide coding for a transmembrane domain. 	In some alternatives, the first promoter 

is in opposite orientation to the second promoter. In some alternatives, the ligand binding 

domain is an antibody fragment. In some alternatives, the ligand binding domain is single 

chain variable fragment. In some alternatives, the tumor specific molecule is selected from 
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the group consisting of CD19, CD20, CD22, CD23, CD123, CS-1, RORI, CE7, EGFR, 

hB7H3, mesothelin, c-Met, PSMA, Her2, GD-2, and MAGE A3 TCR or combinations 

thereof. In some alternatives, the spacer is optimized for increased T cell proliferation and/or 

cytokine production in response to the ligand as compared to a reference chimeric receptor. In 

some alternatives, the second promoter is an inducible promoter. In some alternatives, the 

second promoter is constitutive promoter. In some alternatives, the host cell is a CD8+ T 

cytotoxic lymphocyte cell selected from the group consisting of naïve CD8+ T cells, central 

memory CD8+ T cells, effector memory CD8+ T cells and bulk CD8+ T cells. In some 

alternatives, the host cell is a CD4+ T helper lymphocyte cell that is selected from the group 

consisting of nave CD4+ T cells, central memory CD4+ T cells, effector memory CD4+ T 

cells, and bulk CD4+ T cells. In some alternatives, the composition comprises a host cell in a 

pharmaceutically acceptable excipient. In some alternatives, the host cell comprises a system. 

In some alternatives, the system comprises a) a first nucleic acid comprising a first promoter 

inducible by a drug. wherein the first nucleic acid is operably linked to a polynucleotide 

coding for a chimeric antigen receptor comprising a ligand binding domain, wherein the 

ligand binding domain is specific for a ligand, wherein the ligand is a tumor specific 

molecule, viral molecule, or any other molecule expressed on a target cell population, 

wherein the ligand can elicit recognition, modulation, inhibition, and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the spacer is 

optimized; a polynucleotide coding for a transmemhrane domain; and d) a polynucleotide 

coding for an intracellular signaling domain; and b) a second nucleic acid comprising a 

second promoter operably linked to nucleic acid coding for a transcriptional activator for the 

inducible promoter. In some alternatives, the second promoter is constitutive or inducible. In 

some alternatives, the drug is tamoxifen and/or its metabolites. In sonic alternatives, the first 

promoter comprises a nucleic acid sequence of SEQ ID NO:41. In some alternatives, the 

second promoter is a constitutive promoter. In some alternatives, the second promoter is the 

EFlap. In some alternatives, the transcriptional activator comprises a sequence of SEQ ID 

NO:40. In some alternatives, the first nucleic acid further comprises a first vector and the 

second nucleic acid further comprises a second vector. In some alternatives, both vectors are 

packaged in a viral vector. In some alternatives, the viral vector is a lentivirus. In some 

alternatives, the first and second nucleic acid comprise a vector. In some alternatives, the first 

nucleic acid further comprises a nucleic acid sequence coding for a selectable marker. In 

some alternatives, the second nucleic acid further comprises a nucleic acid coding for a 
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selectable marker. In 	some alternatives, the second nucleic acid further comprises a 

polynucleotide coding for chimeric antigen receptor comprising a ligand binding domain, 

wherein the ligand binding domain is specific for a ligand, wherein the ligand is a tumor 

specific molecule, viral molecule, or any other molecule expressed on a target cell population, 

wherein the ligand can elicit recognition, modulation, inhibition, and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the spacer is 

optimized; a polynucleotide coding for a transmembrane domain; and d) a polynucleotide 

coding for an intracellular signaling domain. In some alternatives, the first promoter is in 

opposite orientation to the second promoter. In some alternatives, the ligand binding domain 

is an antibody fragment. In some alternatives, the tumor specific molecule is selected from the 

group consisting of CD19, CD20, CD22, CD23, CD123, CS-1, ROR1, CE7, EGFR, hB7H3, 

mesothelin, c-Met, PSMA, Her2, GD-2, and MAGE A3 TCR or combinations thereof. In 

some alternatives. the system comprises a) a first nucleic acid comprising a first promoter 

inducible by a drug. wherein the first nucleic acid is operably linked to a polynucleotide 

coding for a cytokine, a chemokine receptor, a polypeptide that regulates apoptosis, or a 

polypeptide that modulates checkpoint signaling; and b) a second nucleic acid comprising a 

second promoter operably linked to nucleic acid coding for a transcriptional activator for the 

inducible promoter. In some alternatives, the second promoter is constitutive or inducible. In 

some alternatives, the second nucleic acid further comprises a polynucleotide coding for 

chimeric antigen receptor comprising a ligand binding domain, wherein the ligand binding 

domain is specific for a ligand, wherein the ligand is a tumor specific molecule, viral 

molecule, or any other molecule expressed on a target cell population, wherein the ligand can 

elicit 	recognition, 	modulation, 	inhibition, 	and/or 	elimination 	by 	a 	lymphocyte; 	a 

polynucleotide coding for a polypeptide spacer, wherein the spacer is optimized; a 

polynucleotide coding for a transmembrane domain; and d) a polynucleotide coding for an 

intracellular signaling domain. 	In some alternatives, the 	first promoter is in opposite 

orientation to the second promoter. In some alternatives, the ligand binding domain is an 

antibody fragment. In some alternatives, the ligand binding domain is single chain variable 

fragment. In some alternatives, the tumor specific molecule is selected from the group 

consisting of CD19- CD20, CD22, CD23, CD123, CS-1, ROR1, CE7, EGFR, h87H3, 

mesothelin. c-Met, PSMA, Her2, GD-2, and MAGE A3 TCR or combinations thereof. In 

some alternatives, the host cell is a precursor T cell. In some alternatives, the precursor T cell 

is a hematopoietic stem cell. In sonic alternatives, the isolated T lymphocyte population 
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comprises precursor T cells. In some alternatives, the precursor T cells are hematopoietic 

stem cells. In some alternatives, the host cell is a CD8+ T cytotoxic lymphocyte cell selected 

from the group consisting of naïve CD8+ T cells, central memory CD8+ T cells, effector 

memory CD8+ T cells and bulk CD8+ T cells. In some alternatives, the host cell is a CD4+ T 

helper lymphocyte cell that is selected from the group consisting of naïve CD4+ T cells, 

central memory CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+ T cells. In 

some alternatives, the composition comprises a host cell wherein the host cell is a CD8+ T 

cytotoxic lymphocyte cell selected from the group consisting of naïve CD8+ T cells, central 

memory CD8+ T cells, effector memory CD8+ T cells and hulk CD8+ T cells and another 

host cell wherein the host cell is a CD4+ T helper lymphocyte cell that is selected from the 

group consisting of naive CD4+ T cells, central memory CD4+ 'I' cells, effector memory 

CD4+ T cells, and hulk CD4+ T cells. In some alternatives, the cancer is a solid tumor or 

hematologic malignancy. In some alternatives, the solid tumor is selected from the group 

consisting of a breast cancer, brain cancer, lung cancer, colon cancer, renal cancer, pancreatic 

cancer, prostate cancer, and ovarian cancer. In some alternatives, the composition comprises a 

host cell wherein the host cell is a CD8+ T cytotoxic lymphocyte cell selected from the group 

consisting of naïve CD8+ T cells, central memory CDS i T cells, effector memory CD8+ T 

cells and bulk CD8+ T cells or a 	CD4+ T helper lymphocyte cell that is selected from the 

group consisting of naïve CD4+ T cells, central memory CD4+ T cells, effector memory 

CD4+ T cells, and hulk CD4-4- T cells and a second host cell, wherein the second host cell is a 

precursor T cell. In some alternatives, the precursor T cell is a hematopoietic stein cell. 

10248] 	In some alternatives, a method of performing cellular immunotherapy in a 

subject having cancer or a viral infection is provided wherein the method comprises 

administering a composition or a host cell to the subject and administering a drug that induces 

expression of a transgene in the composition or the host cells. In some alternatives, the host 

cell comprises a system. In some alternatives, the system comprises a) a first nucleic acid 

comprising a first promoter inducible by a drug, wherein the first nucleic acid is operably 

linked to a polynucleotide coding for a chimeric antigen receptor comprising a ligand binding 

domain, wherein the ligand binding domain is specific for a ligand, wherein the ligand is a 

tumor specific molecule, viral molecule, or any other molecule expressed on a target cell 

population, 	wherein 	the 	ligand 	can 	elicit 	recognition, 	modulation, 	inhibition, 	and/or 

elimination by a lymphocyte, a polynucleotide coding for a polypeptide spacer, wherein the 

spacer is optimized; a polynucleotide coding for a transmembrane domain, and d) a 

I01 



polynucleotide coding for an intracellular signaling domain, and 	b) a second nucleic acid 

comprising a second promoter operably linked to nucleic acid coding for a transcriptional 

activator for the inducible promoter.. In some alternatives, the drug is tamoxifen and/or its 

metabolites. In some alternatives, the first promoter comprises a nucleic acid sequence of 

SEQ ID NO: 41. In some alternatives, the second promoter is a constitutive promoter. In 

some alternatives, the second promoter is the EF lap. In some alternatives, the transcriptional 

activator comprises a sequence of SEQ ID NO: 40. In some alternatives, the first nucleic acid 

further comprises a first vector and the second nucleic acid further comprises a second vector. 

In some alternatives, both vectors are packaged in a viral vector. In some alternatives, the 

viral vector is a lentivirus. In some alternatives, the first and second nucleic acid comprise a 

vector. In some alternatives, the first nucleic acid further comprises a nucleic acid sequence 

coding for a selectable marker. hi some alternatives, the second nucleic acid further comprises 

a nucleic acid coding for a selectable marker. In some alternatives, the system comprises a) a 

first nucleic acid comprising a first promoter inducible by a drug, wherein the first nucleic 

acid is operably linked to a polynucleotide coding for a cytokine, a chemokinc receptor, a 

polypeptide that regulates apoptosis, or a polypeptide that modulates checkpoint signaling and 

b) a second nucleic acid comprising a second promoter operably linked to nucleic acid coding 

for a transcriptional activator for the inducible promoter. In some alternatives, the polypeptide 

that 	modulates 	checkpoint 	signaling 	inhibits 	negative 	checkpoint 	regulators. 	In 	some 

alternatives, the negative checkpoint regulator comprises VISTA, LAG-3 and/or TIM3. In 

some alternatives, the second nucleic acid further comprises a polynucleotide coding for 

chimeric antigen receptor comprising a ligand binding domain, wherein the ligand is a tumor 

specific molecule, viral molecule, or any other molecule expressed on a target cell population, 

wherein the ligand can elicit recognition, modulation, inhibition, and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the spacer is 

optimized; a polynucleotide coding for a transmembrane domain; and d) a polynucleotide 

coding for an intracellular signaling domain. In some alternatives, the spacer is optimized for 

increased T cell proliferation and/or cytokine production in response to the ligand as 

compared to a reference chimeric receptor. In some alternatives, the first promoter is in 

opposite orientation to the second promoter. In some alternatives, the ligand binding domain 

is an antibody fragment. In some alternatives, the tumor specific molecule is selected from the 

group consisting of CD19, CD20, CD22, CD23, CD123, CS-1, ROR1, CE7, EGFR, hB7H3, 

mesothelin, c-Met, PSMA, Her2, GD-2, and MAGE A3 TCR or combinations thereof In 
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some alternatives, the system comprises a) a first nucleic acid comprising a first promoter 

inducible by a drug, wherein the first nucleic acid is operably linked to a polynucleotide 

coding for a cytokine, a chemokine receptor, a polypeptide that regulates apoptosis, or a 

polypeptide that modulates checkpoint signaling; and b) a second nucleic acid comprising a 

second constitutive or inducible promoter operably linked to nucleic acid coding for a 

transcriptional activator for the inducible promoter. In some alternatives, the polypeptide that 

modulates checkpoint signaling inhibits negative checkpoint regulators. In some alternatives, 

the negative checkpoint regulator comprises VISTA, LAG-3 	and/or TIM3. In some 

alternatives, the second nucleic acid further comprises a polynucleotide coding for chimeric 

antigen receptor comprising a ligand binding domain, wherein the ligand is a tumor specific 

molecule, viral molecule, or any other molecule expressed on a target cell population, 

wherein the ligand can elicit recognition, modulation, inhibition, and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the spacer is 

optimized; and d) a polynucleotide coding for an intracellular signaling domain. In some 

alternatives, the spacer is optimized for increased 	T cell proliferation and/or cytokine 

production in response to the ligand as compared to a reference chimeric receptor; a 

polynucleotide coding for a transmembrane domain. 	In some alternatives, the first promoter 

is in opposite orientation to the second promoter. In some alternatives, the ligand binding 

domain is an antibody fragment. In some alternatives, the ligand binding domain is single 

chain variable fragment. In some alternatives, the tumor specific molecule is selected from 

the group consisting of CD19, CD20, CD22, CD23, CD123, CS-1, ROR1, CE7, EGFR, 

hB7H3, mesothelin, c-Met, PSMA, Her2, GD-2, and MAGE A3 TCR or combinations 

thereof. In some alternatives, the spacer is optimized for increased T cell proliferation and/or 

cytokine production in response to the ligand as compared to a reference chimeric receptor. In 

some alternatives, the second promoter is an inducible promoter. In some alternatives, the 

second promoter is constitutive promoter.. In some alternatives, the host cell is a precursor T 

cell. In some alternatives, the host cell is a hematopoietic stem cell. In some alternatives, the 

host cell is a CD8+ T cytotoxic lymphocyte cell selected from the group consisting of naïve 

CD8+ T cells, central memory CD8+ T cells, effector memory CD8+ T cells and bulk CD8+ 

T cells. In some alternatives, the host cell is a CD4+ T helper lymphocyte cell that is selected 

from the group consisting of naive CD4+ T cells, central memory CD4+ T cells, effector 

memory CD4+ T cells, and bulk CD4+ T cells. In some alternatives, the composition 

comprises a host cell in a pharmaceutically acceptable excipient. In some alternatives, the 

103 



host cell comprises a system. In some alternatives, the system comprises a) a first nucleic acid 

comprising a first promoter inducible by a drug, wherein the first nucleic acid is operably 

linked to a polynucleotide coding for a chimeric antigen receptor comprising a ligand binding 

domain, wherein the ligand binding domain is specific for a ligand, wherein the ligand is a 

tumor specific molecule, viral molecule, or any other molecule expressed on a target cell 

population, 	wherein 	the 	ligand 	can 	elicit recognition, 	modulation, 	inhibition, 	and/or 

elimination by a lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the 

spacer is optimized; a polynucleotide coding for a transmembrane domain; and d) a 

polynucleotide coding for an intracellular signaling domain; and b) a second nucleic acid 

comprising a second promoter operably linked to nucleic acid coding for a transcriptional 

activator for the inducible promoter. In some alternatives, the second promoter is constitutive 

or inducible. In some alternatives, the drug is tamoxifen and/or its metabolites. In some 

alternatives, the first promoter comprises a nucleic acid sequence of SEQ ID NO: 41. In some 

alternatives, the second promoter is a constitutive promoter. In sonic alternatives, the second 

promoter is the EH ap. 	In some alternatives, the transcriptional activator comprises a 

sequence of SEQ ID NO: 40. In some alternatives, the first nucleic acid further comprises a 

first vector and the second nucleic acid further comprises a second vector. In some 

alternatives, both vectors are packaged in a viral vector. In some alternatives, the viral vector 

is a lentivirus. In some alternatives, the first and second nucleic acid comprise a vector. In 

some alternatives, the first nucleic acid further comprises a nucleic acid sequence coding for a 

selectable marker. In some alternatives, the second nucleic acid fiirther comprises a nucleic 

acid coding for a selectable marker. In some alternatives, the second nucleic acid further 

comprises a polynucleotide coding for chimeric antigen receptor comprising a ligand binding 

domain, wherein the ligand binding domain is specific for a ligand, wherein the ligand is a 

tumor specific molecule, viral molecule, or any other molecule expressed on a target cell 

population, 	wherein 	the 	ligand 	can 	elicit 	recognition, 	modulation, 	inhibition, 	and/or 

elimination by a lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the 

spacer is optimized; a polynucleotide coding for a transmembrane domain; and d) a 

polynucleotide coding for an intracellular signaling domain. In some alternatives, the first 

promoter is in opposite orientation to the second promoter. In some alternatives, the ligand 

binding domain is an antibody fragment. In some alternatives, the tumor specific molecule is 

selected from the group consisting of CD19, CD20, CD22, CD23, CD123, CS-1, ROR1, 

CE7, EGFR, hB7H3, mesothelin, c-Met, PSMA, Her2, GD-2, and MACE A3 TCR or 
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combinations thereof. In some alternatives, the system comprises a) a first nucleic acid 

comprising a first promoter inducible by a drug, wherein the first nucleic acid is operably 

linked to a polynucleotide coding for a cytokine, a chemokine receptor, a polypeptide that 

regulates apoptosis, or a polypeptide that modulates checkpoint signaling; and b) a second 

nucleic acid comprising a second promoter operably linked to nucleic acid coding for a 

transcriptional activator for the inducible promoter. 	In some alternatives, the second 

promoter is constitutive or inducible. In some alternatives, the polypeptide that modulates 

checkpoint signaling inhibits negative checkpoint regulators. 	In 	some alternatives, the 

negative checkpoint regulator comprises VISTA, LAG-3 and/or TIM3. In some alternatives, 

the second nucleic acid further comprises a polynucleotide coding for chimeric antigen 

receptor comprising a ligand binding domain, wherein the ligand is a tumor specific 

molecule, viral molecule, or any other molecule expressed on a target cell population, 

wherein the ligand can elicit recognition, modulation, inhibition. and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the spacer is 

optimized; a polynucleotide coding for a transmembranc domain; and d) a poly-nucleotide 

coding for an intracellular signaling domain. In some alternatives, the first promoter is in 

opposite orientation to the second promoter. in some alternatives, the ligand binding domain 

is an antibody fragment. In some alternatives, the ligand binding domain is single chain 

variable fragment. in some alternatives, the tumor specific molecule is selected from the 

group consisting of CD) 9, CD20, CD22, CD23, CD123, CS-1, RORI, CE7, EGFR, hB7H3, 

mesothelin, c-Met, PSMA, Her2, GD-2, and MAGE A3 TCR or combinations thereof. In 

some alternatives, the host cell is a precursor T cell. In some alternatives, the host cell is a 

hematopoietic stern cell. In some alternatives, the host cell is a CD8+ T cytotoxic lymphocyte 

cell selected from the group consisting of naïve CD8+ T cells, central memory CD8+ T cells, 

effector memory CD8+ T cells and bulk CD8+ T cells. In some alternatives, the host cell is a 

CD4+ T helper lymphocyte cell that is selected from the group consisting of naïve CD4+ T 

cells, central memory CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+ T cells. 

In some alternatives, the composition comprises a host cell wherein the host cell is a CD8+ T 

cytotoxic lymphocyte cell selected from the group consisting of naïve CD8+ T cells, central 

memory CD8+ T cells, effector memory CD8+ T cells and bulk CD8+ T cells and another 

host cell wherein the host cell is a CD4+ T helper lymphocyte cell that is selected from the 

group consisting of naïve CD4+ T cells, central memory CD4+ T cells, effector memory 

CD4+ T cells, and bulk CD4+ T cells. In some alternatives, the cancer is selected from a solid 
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tumor or hematologic malignancy. In some alternatives, the solid tumor is selected from the 

group consisting of a breast cancer, brain cancer, lung cancer, colon cancer, renal cancer, 

pancreatic cancer, prostate cancer, and ovarian cancer. In some alternatives, the host cell is a 

precursor T cell. In some alternatives, the precursor T cell is a hematopoietic stem cell. In 

some alternatives, the isolated T lymphocyte population comprises precursor T cells. In some 

alternatives, the precursor T cells are hematopoietic stem cells. In some alternatives, the 

composition comprises a host cell wherein the host cell is a CD8+ T cytotoxic lymphocyte 

cell selected from the group consisting of naïve CD8+ T cells, central memory CD8+ T cells, 

effector memory CD8+ T cells and bulk CD8+ T cells or a CD4+ T helper lymphocyte cell 

that is selected from the group consisting of naive CD4+ T cells, central memory CD4+ T 

cells, effector memory CD4+ T cells, and bulk CD4+ T cells and a second host cell, wherein 

the second host cell is a precursor T cell. In sonic alternatives. the precursor T cell is a 

hematopoietic stem cell. 

More Alternatives. 

	

10249] 	In some alternatives, a system for inducible expression of a chimeric 

antigen receptor, the system is provided, wherein the system comprises a) a first nucleic acid 

comprising 	a 	first promoter, 	which 	is 	an 	inducible 	promoter, 	operably 	linked 	to 	a 

polynucleotide coding for a chimeric antigen receptor and 	b) a second nucleic acid 

comprising a second promoter operably linked to a poly-nucleotide coding for a transcriptional 

activator, which is capable of activating transcription from the first promoter in the presence 

of a drug or metabolite thereof. In some alternatives, a system for inducible expression is 

provided, wherein the system comprises a) 	an inducible promoter, b) 	a 	polynucleotide 

coding for a chimeric antigen receptor and c) 	a 	polynucleotide 	coding 	for 	a 

transcriptional activator, which transcriptional activator is capable of activating transcription 

from the inducible promoter in the presence of a drug or metabolite thereof. In some 

alternatives, the polynucleotide coding for the chimeric receptor is operably linked to the 

inducible promoter. In some alternatives, the system further comprises further comprising a 

polynucleotide encoding a recombinant protein, which polynucleotide is operably linked to 

the inducible promoter. In some alternatives, the drug or metabolite thereof comprises: (i) a 

drug tolerated when administered to a human subject daily or weekly, or a metabolite thereof; 

(ii) a molecule that specifically binds to a human receptor, optionally the estrogen receptor, or 

a metabolite thereof; and/or(iii) tamoxifen and/or a metabolite or analog of tamoxifen. In 
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some alternatives, the transcriptional activator comprises: (a) a DNA-binding domain; (b) a 

ligand-binding domain that specifically binds to the drug or metabolite thereof; and (c) a 

transactivation domain, optionally linked and/or fused in that order. In some alternatives of 

the system, (a) the DNA-binding domain comprises DNA binding sites not present in a 

protein naturally expressed in a lymphocyte or not present in a protein naturally expressed in 

a T cell; and/or (b) the drug or metabolite is the molecule that specifically binds to the human 

receptor, optionally estrogen receptor, or metabolite thereof, and the binding between the drug 

or metabolite and the ligand-binding domain is selective for the ligand-binding domain over 

the human receptor, whereby binding by the ligand-hinding domain to the drug or metabolite 

is greater, optionally at least 1.5, 2, 3. or 4 times as strong, as the binding by the human 

receptor; and/or (c) the transactivation domain comprises a p65 transactivation domai❑ or 

functional variant thereof:, and/or (d) the first promoter comprises one or more binding sites 

for the DNA binding domain. 	In some alternatives, the first promoter does not comprise 

another binding site for any human DNA binding domain other than a DNA-binding domain 

or domains present in the transcriptional activator; and/or wherein the first promoter is a 

synthetic chimeric promoter and/or the transcriptional activator is a synthetic chimeric 

transcriptional activator; and/or wherein the DNA binding domain comprises a DNA binding 

domain present in a hcpatocyte nuclear factor, which is optionally HNF I -alpha or HNF1-beta. 

In some alternatives of the system, the first promoter comprises the nucleic acid sequence of 

SEQ ID NO: 41. In some alternatives, the second promoter is a constitutive promoter. In 

some alternatives, the second promoter is or comprises an EFlu promoter or functional 

portion thereof. In some alternatives, the transcriptional activator comprises a polypeptide 

having the sequence of SEQ ID NO: 40. In some alternatives, the first nucleic acid is 

comprised within a first vector, which is further comprised by the system and the second 

nucleic acid is comprised within a second vector, which is further comprised by the system. In 

some alternatives, the first nucleic acid and the second nucleic acid or the first promoter, 

polynucleotide encoding the chimeric antigen receptor, second promoter, and polynucleotide 

encoding the transactivator, are comprised within a vector, which is further comprised by the 

system. In some alternatives of the system, the system is comprised in a single viral 

packaging vector. In some alternatives, 	the viral vector is a lentiviral vector. In some 

alternatives, the first nucleic acid further comprises a nucleic acid sequence coding for a 

selectable marker or wherein the system further comprises a selectable marker operably 

linked to the first promoter. In some alternatives, the second nucleic acid further comprises a 
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nucleic acid coding for a selectable marker or wherein the system further comprises a 

selectable marker operably linked to the second promoter. 

102501 	In 	some alternatives, a system 	for inducible expression is provided. 

wherein the system comprises a) a first nucleic acid comprising a first promoter, which is an 

inducible promoter and is operably linked to a polynucleotide coding for a cytokine, a 

chemokine receptor, a polypeptide than inhibits apoptosis, or a polypeptide that inhibits 

negative checkpoint signaling and 	b) a second nucleic acid comprising a second promoter, 

which is a constitutive or inducible promoter, operably linked to a polynucleotide coding for a 

transcriptional activator capable of inducing transcription from the first promoter in the 

presence of a drug or metabolite or analog thereof. In some alternatives, the second nucleic 

acid further comprises a polynucleotide coding for a recombinant antigen receptor, which 

optionally is a chimeric antigen receptor. In some alternatives, the chimeric antigen receptor 

comprises a a) ligand binding domain, which 	binds to a ligand that is optionally a tumor 

specific molecule, viral molecule, or any other molecule expressed on a target cell population 

that is suitable to mediate recognition and elimination by a lymphocyte b) a 	polypeptide 

spacer, wherein the spacer optionally provides for increased T cell proliferation and/or 

cytokine production in response to the ligand as compared to a reference chimeric receptor, 

c) a transmembrane domain and 	d) an intracellular signaling domain. In some alternatives, 

the first promoter is in opposite orientation to the second promoter. In some alternatives, the 

ligand binding domain is an antibody fragment. 	In some alternatives, the ligand binding 

domain is single chain variable fragment. In some alternatives, the tumor specific molecule is 

selected from the group consisting of CD19, CD20, CD22, CD23, CD123, CS-1, ROR1, 

CE7, EGFR, hB71-13, mesothelin, c-Met, PSMA, Her2, GD-2, MAGE A3 TCR and 

combinations thereof. 

102511 	In some alternatives, a chimeric receptor polypeptide encoded by the 

system is provided. 	In some alternatives, the system comprises a) a first nucleic acid 

comprising 	a first promoter, 	which is an inducible promoter, 	operably linked 	to a 

polynucleotide coding for a chimeric antigen receptor and 	b) a second nucleic acid 

comprising a second promoter operably linked to a polynucleotide coding for a transcriptional 

activator, which is capable of activating transcription from the first promoter in the presence 

of a drug or metabolite thereof. In some alternatives, a system for inducible expression is 

provided, wherein the system comprises a) an inducible promoter, b) a polynucleotide coding 

for a chimeric antigen receptor and c) a polynucleotide coding for a transcriptional activator, 
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which transcriptional activator is capable of activating transcription from the inducible 

promoter in the presence of a drug or metabolite thereof. In some alternatives, 	the 

polynucleotide coding for the chimeric receptor is operably linked to the inducible promoter. 

In some alternatives, the system further comprises further comprising a polynucleotide 

encoding a recombinant protein, which polynucleotide is operably linked to the inducible 

promoter. In some alternatives, the drug or metabolite thereof comprises: (i) a drug tolerated 

when administered to a human subject daily or weekly, or a metabolite thereof; (ii) a 

molecule that specifically binds to a human receptor, optionally the estrogen receptor, or a 

metabolite thereof; and/or(iii) tamoxifen and/or a metabolite or analog of tamoxifen. In some 

alternatives, the transcriptional activator comprises: (a) a DNA-binding domain; (b) a ligand- 

binding domain 	that 	specifically binds 	to 	the 	drug or metabolite 	thereof; and 	(c) 	a 

transactivation domain, optionally linked and/or fused in that order. 	In some alternatives of 

the system, (a) the DNA-binding domain comprises DNA binding sites not present in a 

protein naturally expressed in a lymphocyte or not present in a protein naturally expressed in 

a 1' cell; and/or (b) the drug or metabolite is the molecule that specifically binds to the human 

receptor, optionally estrogen receptor, or metabolite thereof, and the binding between the drug 

or metabolite and the ligand-binding domain is selective for the ligand-binding domain over 

the human receptor, whereby binding by the ligand-binding domain to the drug or metabolite 

is greater, optionally at least 1.5, 2, 3, or 4 times as strong, as the binding by the human 

receptor; and/or (c) the transactivation domain comprises a p65 transactivation domain or 

functional variant thereof; and/or (d) the first promoter comprises one or more binding sites 

for the DNA binding domain. 	In some alternatives, the first promoter does not comprise 

another binding site for any human DNA binding domain other than a DNA-binding domain 

or domains present in the transcriptional activator; and/or wherein the first promoter is a 

synthetic chimeric promoter and/or the transcriptional activator is a synthetic chimeric 

transcriptional activator; and/or wherein the DNA binding domain comprises a DNA binding 

domain present in a hepatocyte nuclear factor, which is optionally 14-N171-alpha or HNF1- 

beta.The system of any of claims 1-8, wherein the first promoter comprises the nucleic acid 

sequence of SEQ ID NO: 41. In some alternatives, the second promoter is a constitutive 

promoter. In some alternatives, the second promoter is or comprises an EF1 a promoter or 

functional portion thereof. In some alternatives, the transcriptional activator comprises a 

polypeptide having the sequence of SEQ 1D NO: 40. In some alternatives, the first nucleic 

acid is comprised within a first vector, which is further comprised by the system and the 
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second nucleic acid is comprised within a second vector, which is further comprised by the 

system. In some alternatives, the first nucleic acid and the second nucleic acid or the first 

promoter, polynucleotide encoding the chimeric antigen receptor, second promoter, and 

polynucleotide encoding the transactivator, are comprised within a vector, which is further 

comprised by the system. In some alternatives of the system, the system is comprised in a 

single viral packaging vector. In some alternatives, the viral vector is a lentiviral vector. In 

some alternatives, the first nucleic acid further comprises a nucleic acid sequence coding for a 

selectable marker or wherein the system further comprises a selectable marker operably 

linked to the first promoter. In some alternatives, the second nucleic acid further comprises a 

nucleic acid coding for a selectable marker or wherein the system further comprises a 

selectable marker operably linked to the second promoter. 	In some alternatives, the system 

comprises a) a first nucleic acid comprising a first promoter, which is an inducible promoter 

and is operably linked to a polynucleotide coding for a cytokine, a chemokine receptor, a 

polypeptide than inhibits apoptosis, or a polypeptide that inhibits negative checkpoint 

signaling and b) a second nucleic acid comprising a second promoter, which is a constitutive 

or inducible promoter, operably linked to a polynucleotide coding for a transcriptional 

activator capable of inducing transcription from the first promoter in the presence of a drug or 

metabolite or analog thereof. In some alternatives, the second nucleic acid further comprises a 

polynucleotide coding for a recombinant antigen receptor, which optionally is a chimeric 

antigen receptor. In some alternatives, the chimeric antigen receptor comprises a 	a) 	ligand 

binding domain, which binds to a ligand that is optionally a tumor specific molecule, viral 

molecule, or any other molecule expressed on a target cell population that is suitable to 

mediate recognition mid elimination by a lymphocyte b) a polypeptide spacer, wherein the 

spacer optionally provides for increased T cell proliferation and/or cytokine production in 

response to the ligand as compared to a reference chimeric receptor, 	c) a transmembrane 

domain and d) an intracellular signaling domain. In some alternatives, the first promoter is in 

opposite orientation to the second promoter. In some alternatives, the ligand binding domain 

is an antibody fragment. 	In some alternatives, the ligand binding domain is single chain 

variable fragment. In some alternatives, the tumor specific molecule is selected from the 

group consisting of CD19, CD20, CD22, CD23, CD123, CS-1, RORI, CE7, EGFR. hB7H3, 

mesothelin, c-Met, PSMA, Her2, GD-2, and MAGE A3 TCR and combinations thereof. 

10252] 	In some alternatives, a host cell comprising a system or viral packaging 

vector is provided. In some alternatives, the system comprises a) a first nucleic acid 
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comprising 	a 	first 	promoter, 	which 	is an 	inducible promoter, 	operably 	linked 	to 	a 

polynucleotide coding for a chimeric antigen receptor and b) a second nucleic acid 

comprising a second promoter operably linked to a polynucleotidc coding for a transcriptional 

activator, which is capable of activating transcription from the first promoter in the presence 

of a drug or metabolite thereof. In some alternatives, a system for inducible expression is 

provided, wherein the system comprises a) an inducible promoter, b) a polynucleotide coding 

for a chimeric antigen receptor and c) a polynucleotide coding for a transcriptional activator, 

which transcriptional activator is capable of activating transcription from the inducible 

promoter in the presence of a drug or metabolite thereof. 	In some alternatives, 	the 

polynucleotide coding for the chimeric receptor is operably linked to the inducible promoter. 

In some alternatives, the system further comprises further comprising a polynucleotide 

encoding a recombinant protein, which polynucleotide is operably linked to the inducible 

promoter. In some alternatives, the drug or metabolite thereof comprises: (i) a drug tolerated 

when administered to a human subject daily or weekly, or a metabolite thereof; (ii) a 

molecule that specifically binds to a human receptor, optionally the estrogen receptor, or a 

metabolite thereof; and/or (iii) tamoxifen and/or a metabolite or analog of tamoxifen. hi some 

alternatives, the transcriptional activator comprises: (a) a DNA-binding domain; (b) a ligand- 

binding domain that 	specifically binds 	to 	the drug or metabolite thereof; and 	(c) 	a 

transactivation domain, optionally linked and/or fused in that order. 	In some alternatives of 

the system, (a) the DNA-binding domain comprises DNA binding sites not present in a 

protein naturally expressed in a lymphocyte or not present in a protein naturally expressed in 

a T cell; and/or (b) the drug or metabolite is the molecule that specifically binds to the human 

receptor, optionally estrogen receptor, or metabolite thereof, and the binding between the drug 

or metabolite and the ligand-binding domain is selective for the ligand-binding domain over 

the human receptor, whereby binding by the ligand-binding domain to the drug or metabolite 

is greater, optionally at least 1.5, 2, 3, or 4 times as strong, as the binding by the human 

receptor; and/or (c) the transactivation domain comprises a p65 transactivation domain or 

functional variant thereof; and/or (d) the first promoter comprises one or more binding sites 

for the DNA binding domain. In some alternatives, the first promoter does not comprise 

another binding site for any human DNA binding domain other than a DNA-binding domain 

or domains present in the transcriptional activator; and/or wherein the first promoter is a 

synthetic chimeric promoter and/or the transcriptional activator is a synthetic chimeric 

transcriptional activator; and/or wherein the DNA binding domain comprises a DNA binding 
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domain present in a hepatocyte nuclear factor, which is optionally I-INFI -alpha or I-INFI -beta. 

In some alternatives, the first promoter comprises the nucleic acid sequence of SEQ ID NO: 

41. In some alternatives, the second promoter is a constitutive promoter. In some alternatives, 

the second promoter is or comprises an EF I a promoter or functional portion thereof. In some 

alternatives, the transcriptional activator comprises a polypeptide having the sequence of SEQ 

ID NO: 40. In some alternatives, the first nucleic acid is comprised within a first vector, 

which is further comprised by the system and the second nucleic acid is comprised within a 

second vector, which is further comprised by the system. In some alternatives, the first 

nucleic acid and the second nucleic acid or the first promoter, polynucleotide encoding the 

chimeric antigen receptor, second promoter, and polynucleotide encoding the transactivator, 

are comprised within a vector, which is further comprised by the system. In some alternatives, 

the system described above is comprised in a single viral packaging vector. In some such 

alternatives, viral vector is a lentiviral vector. In some alternatives, the first nucleic acid 

further comprises a nucleic acid sequence coding for a selectable marker or wherein the 

system further comprises a selectable marker operably linked to the first promoter. In some 

alternatives, the second nucleic acid further comprises a nucleic acid coding for a selectable 

marker or wherein the system further comprises a selectable marker operably linked to the 

second promoter. In some alternatives, the system comprises a) a first nucleic acid comprising 

a first promoter, which is an inducible promoter and is operably linked to a polynucleotide 

coding for a cytokine, a chemokine receptor, a polypeptide than inhibits apoptosis, or a 

polypeptide that inhibits negative checkpoint 	signaling and b) a second nucleic acid 

comprising a second promoter, which is a constitutive or inducible promoter, operably linked 

to a polynucleotide coding for a transcriptional activator capable of inducing transcription 

from the first promoter in the presence of a drug or metabolite or analog thereof. In some 

alternatives, the second nucleic acid further comprises a polynucleotide coding for a 

recombinant antigen receptor, which optionally is a chimeric antigen receptor. In some 

alternatives, the chimeric antigen receptor comprises a 	a) ligand binding domain, which 

binds to a ligand that is optionally a tumor specific molecule, viral molecule, or any other 

molecule expressed on a target cell population that is suitable to mediate recognition and 

elimination by a lymphocyte b) a polypeptide spacer, wherein the spacer optionally provides 

for increased T cell proliferation and/or cytokine production in response to the ligand as 

compared to a reference chimeric receptor, c) a transmembrane domain and d) an intracellular 

signaling domain. In some alternatives, the first promoter is in opposite orientation to the 
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second promoter. In some alternatives, the ligand binding domain is an antibody fragment. In 

some alternatives, the ligand binding domain is single chain variable fragment. In some 

alternatives, the tumor specific molecule is selected from the group consisting of CD19, 

CD20, CD22, CD23, CD123, CS-1, ROR1, CE7, EGER, hB7H3, mesothelin, c-Met, PSMA, 

Her2, GD-2, and MAGE A3 TCR and combinations thereof 

10253] 	In some alternatives, a host cell is provided, wherein the host cell is a 

primary human lymphocyte, wherein the host cell comprises a) a nucleic acid comprising a 

first promoter, which is an inducible synthetic promoter containing a binding site for a DNA 

binding 	domain 	not naturally present 	in the 	primary human lymphocyte 	and 	b) 	a 

polynucleotide coding for a transcriptional activator, the transcriptional activator comprising 

i) the DNA binding domain, wherein the DNA binding domain does not specifically bind to a 

DNA sequence naturally present in the primary human lymphocyte; ii) a domain that 

specifically binds to a drug or metabolite thereof and does not bind or does not bind with as 

great a degree of affinity to any molecule naturally present in the primary human lymphocyte 

and iii) a transactivation domain, wherein the transcriptional activator is capable of inducing 

transcription from the first promoter in the presence of the drug or metabolite thereof and/or 

upon binding of thc drug or metabolite thereof to the domain in (ii). 	In some alternatives, the 

cell 	further comprises 	a polynucleotide encoding a chimeric 	antigen receptor, 	which 

optionally is operably linked to the first promoter. In some alternatives, In some alternatives, 

the cell further comprises a second promoter, which is operably linked to the polynucleotide 

encoding the transcriptional activator, wherein the second promoter is optionally constitutive. 

In some alternatives, the host cell is a CD8+ T cylotoxic lymphocyte cell selected from the 

group consisting of naïve CD8+ T cells, central memory CD8+ T cells, effector memory 

CD8+ T cells and bulk CD8+ T cell. In some alternatives, the host cell is a CD4+ T helper 

lymphocyte cell that is selected from the group consisting of naïve CD4+ T cells, central 

memory CD4+ T cells. effector memory CD4+ T cells, and bulk CD4+ T cells. 

10254] 	In some alternatives, a composition is provided, wherein the composition 

comprises a host cell in a pharmaceutically acceptable excipient. In some alternatives, the 

host cell the host cell is a primary human lymphocyte, wherein the host cell comprises a) a 

nucleic acid comprising a first promoter, which is an inducible synthetic promoter containing 

a binding site for a DNA binding domain not naturally present in the primary human 

lymphocyte and b) a polynucleotide coding for a transcriptional activator, the transcriptional 

activator comprising i) the DNA binding domain, wherein the DNA binding domain does not 
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specifically hind to a DNA sequence naturally present in the primary human lymphocyte; ii) a 

domain that specifically binds to a drug or metabolite thereof and does not bind or does not 

bind with as great a degree of affinity to any molecule naturally present in the primary human 

lymphocyte and iii) a transactivation domain, wherein the transcriptional activator is capable 

of inducing transcription from the first promoter in the presence of the drug or metabolite 

thereof and/or upon binding of the drug or metabolite thereof to the domain in (ii). In some 

alternatives, the cell further comprises a polynucleotide encoding a chimeric antigen receptor, 

which optionally is operably linked to the first promoter. In some alternatives. In some 

alternatives, the cell further comprises a second promoter, which is operably linked to the 

polynucleotide encoding the transcriptional 	activator, wherein the second promoter is 

optionally constitutive. In some alternatives, the host cell is a CD8+ T cytotoxic lymphocyte 

cell selected from the group consisting of nave CD8+ T cells, central memory CD8+ T cells, 

effector memory CD8+ T cells and bulk CD8+ T cell. In some alternatives, the host cell is a 

CD4+ T helper lymphocyte cell that is selected from the group consisting of naïve CD4+ T 

cells. central memory CD4+ I cells, effector memory CD4+ T cells, and bulk CD4+ I cells. 

In some alternatives, the composition comprises a CD8+ T cytotoxic lymphocyte cell selected 

from the group consisting of naïve CD8+ T cells, central memory CD8-I T cells, effector 

memory CD8+ T cells and bulk CD8+ T cell and a CD4+ T helper lymphocyte cell that is 

selected from the group consisting of naïve CD4+ T cells, central memory CD4+ T cells, 

effector memory CD4+ T cells, and bulk CD4+ T cells. 

10255] 	In some alternatives, an in vitro method for preparing a host cell is 

provided and comprises introducing a system into a separate isolated T lymphocyte 

population and expanding each T lymphocyte population in vitro. In some alternatives, the 

host cell the host cell is a primary human lymphocyte, wherein the host cell comprises a) a 

nucleic acid comprising a first promoter, which is an inducible synthetic promoter containing 

a binding site for a DNA binding domain not naturally present in the primary human 

lymphocyte and b) a polynucleotide coding for a transcriptional activator, the transcriptional 

activator comprising i) the DNA binding domain, wherein the DNA binding domain does not 

specifically bind to a DNA sequence naturally present in the primary human lymphocyte; ii) a 

domain that specifically binds to a drug or metabolite thereof and does not bind or does not 

bind with as great a degree of affinity to any molecule naturally present in the primary human 

lymphocyte and iii) a transactivation domain, wherein the transcriptional activator is capable 

of inducing transcription from the first promoter in the presence of the drug or metabolite 
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thereof and/or upon binding of the drug or metabolite thereof to the domain in (ii). In some 

alternatives, the cell further comprises a polynueleotide encoding a chimeric antigen receptor, 

which optionally is operably linked to the first promoter. In some alternatives, In some 

alternatives, the cell further comprises a second promoter, which is operably linked to the 

polynucleotide encoding the transcriptional activator, wherein the second promoter is 

optionally constitutive. In some alternatives, the host cell is a CD8+ T cytotoxic lymphocyte 

cell selected from the group consisting of naïve CD8+ I cells, central memory CD8+ T cells, 

effector memory CD8+ T cells and bulk CD8+ T cell. In some alternatives, the host cell is a 

CD4+ T helper lymphocyte cell that is selected from the group consisting of naïve CD4+ T 

cells, central memory CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+ T cells. 

In some alternatives, the system comprises a) a first nucleic acid comprising a first promoter, 

which is an inducible promoter, operably linked to a polynucleotide coding for a chimeric 

antigen receptor and b) a second nucleic acid comprising a second promoter operably linked 

to a polynucleotide coding for a transcriptional activator, which is capable of activating 

transcription from the first promoter in the presence of a drug or metabolite thereof. In some 

alternatives, a system for inducible expression is provided, wherein the system comprises a) 

an inducible promoter, b) a polynueleotide coding for a chimeric antigen receptor and c) a 

polynucleotide coding 	for 	a transcriptional activator, which transcriptional activator is 

capable of activating transcription from the inducible promoter in the presence of a drug or 

metabolite thereof. In some alternatives, the polynucleotide coding for the chimeric receptor 

is operably linked to the inducible promoter. In some alternatives, the system further 

comprises further comprising a polynucleotide encoding a recombinant protein, which 

polynucleotide is operably linked to the inducible promoter. In some alternatives, the drug or 

metabolite thereof comprises: (i) a drug tolerated when administered to a human subject daily 

or weekly, or a metabolite thereof; (ii) a molecule that specifically binds to a human receptor. 

optionally the estrogen receptor, or a metabolite thereof; and/or (iii) tamoxifen and/or a 

metabolite 	or analog 	of tamoxifen. 	In 	some alternatives, the 	transcriptional 	activator 

comprises: (a) a DNA-binding domain; (b) a ligand-binding domain that specifically binds to 

the drug or metabolite thereof; and (c) a transactivation domain, optionally linked and/or 

fused in that order. 	In some alternatives of the system, (a) the DNA-binding domain 

comprises DNA binding sites not present in a protein naturally expressed in a lymphocyte or 

not present in a protein naturally expressed in a T cell; and/or (b) the drug or metabolite is the 

molecule that specifically binds to the human receptor, optionally estrogen receptor, or 
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metabolite thereof, and the binding between the drug or metabolite and the ligand-binding 

domain is selective for the ligand-binding domain over the human receptor, whereby binding 

by the ligand-binding domain to the drug or metabolite is greater, optionally at least 1.5, 2, 3, 

or 4 times as strong, as the binding by the human receptor; and/or (c) the transactivation 

domain comprises a p65 transactivation domain or functional variant thereof; and/or (d) the 

first promoter comprises one or more binding sites for the DNA binding domain. 	In some 

alternatives, the first promoter does not comprise another binding site for any human DNA 

binding domain other than a DNA-binding domain or domains present in the transcriptional 

activator; and/or wherein the first promoter is a synthetic chimeric promoter and/or the 

transcriptional activator is a synthetic chimeric transcriptional activator; and/or wherein the 

DNA binding domain comprises a DNA binding domain present in a hepatocyte nuclear 

factor, which is optionally 1-11\1E1-alpha or HNF I -beta. In some alternatives, the first promoter 

comprises the nucleic acid sequence of SEQ ID NO: 41. In some alternatives, the second 

promoter is a constitutive promoter. In some alternatives, the second promoter is or comprises 

an EF la promoter or functional portion thereof. In some alternatives, the transcriptional 

activator comprises a polypeptide having the sequence of SEQ ID NO: 40. In some 

alternatives, the first nucleic acid is comprised within a first vector, which is further 

comprised by the system and the second nucleic acid is comprised within a second vector, 

which is further comprised by the system. In some alternatives, the first nucleic acid and the 

second nucleic acid or the first promoter, polynucleotide encoding the chimeric antigen 

receptor, second promoter, and polynucleotide encoding the transactivator, are comprised 

within a vector, which is further comprised by the system. In some alternatives, the system is 

comprised in a single viral packaging vector. In some alternatives, the viral vector is a 

lentiviral vector. In some alternatives, the first nucleic acid further comprises a nucleic acid 

sequence coding for a selectable marker or wherein the system further comprises a selectable 

marker operably linked to the first promoter. In some alternatives, the second nucleic acid 

further comprises a nucleic acid coding for a selectable marker or wherein the system further 

comprises a selectable marker operably linked to the second promoter. 	In some alternatives, 

the system comprises a) a first nucleic acid comprising a first promoter, which is an inducible 

promoter and is operably linked to a polynucleotide coding for a cytokine, a chemokine 

receptor, a polypeptide than inhibits apoptosis, or a polypeptide that inhibits negative 

checkpoint signaling and b) a second nucleic acid comprising a second promoter, which is a 

constitutive or inducible promoter, operably linked to a polynucleotide coding 	for a 
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transcriptional activator capable of inducing transcription from the first promoter in the 

presence of a dnig or metabolite or analog thereof. In some alternatives, the second nucleic 

acid further comprises a polynucleotide coding for a recombinant antigen receptor, which 

optionally is a chimeric antigen receptor. In some alternatives, the chimeric antigen receptor 

comprises a a) ligand binding domain, which 	binds to a ligand that is optionally a tumor 

specific molecule, viral molecule, or any other molecule expressed on a target cell population 

that is suitable to mediate recognition and elimination by a lymphocyte b) a 	polypeptide 

spacer, wherein the spacer optionally provides for increased T cell proliferation and/or 

cytokine production in response to the ligand as compared to a reference chimeric receptor, 

c) a transmembrane domain and 	d) an intracellular signaling domain. In some alternatives, 

the first promoter is in opposite orientation to the second promoter. In some alternatives, the 

ligand binding domain is an antibody fragment. 	In some alternatives, the ligand binding 

domain is single chain variable fragment. In some alternatives, the tumor specific molecule is 

selected from the group consisting of CD19, CD20, CD22, CD23, CD123, CS-I, ROR1, 

CE7, EGER. hB7H3, mesothelin, c-Met, PSMA, Eler2, GD-2, MAGE A3 TCR and 

combinations thereof In some alternatives, the T lymphocytes in the population are expanded 

and wherein the method further comprises culturing the cells in the presence of anti-CD3 

and/or anti CD28, and at least one homeostatic cytokine until the cells expand sufficiently for 

use as a cell infusion. In some alternatives, culturing in the presence of anti-CD3 and/or anti 

CD28, and at least one homeostatic cytokine can be performed before or after the introduction 

of the system. 

102561 	ln some alternatives, a use of the host cell or a composition in combination 

with the drug or a metabolite thereof for the treatment of cancer or a viral infection is 

provided. In some alternatives, the host cell is a primary human lymphocyte, wherein the host 

cell comprises a) a nucleic acid comprising a first promoter, which is an inducible synthetic 

promoter containing a binding site for a DNA binding domain not naturally present in the 

primary human lymphocyte and b) a polynucleotide coding for a transcriptional activator, the 

transcriptional activator comprising i) the DNA binding domain, wherein the DNA binding 

domain does not specifically bind to a DNA sequence naturally present in the primary human 

lymphocyte; ii) a domain that specifically binds to a drug or metabolite thereof and does not 

bind or does not bind with as great a degree of affinity to any molecule naturally present in 

the primary human lymphocyte and iii) a transactivation domain, wherein the transcriptional 

activator is capable of inducing transcription from the first promoter in the presence of the 
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drug or metabolite thereof and/or upon binding of the drug or metabolite thereof to the 

domain in (ii). 	In some alternatives, the cell further comprises a polynucleotide encoding a 

chimeric antigen receptor, which optionally is operably linked to the first promoter. In some 

alternatives, In some alternatives, the cell further comprises a second promoter, which is 

operably linked to the polynucleotide encoding the transcriptional activator, wherei❑ the 

second promoter is optionally constitutive. In some alternatives, the host cell is a CD8+ T 

cytotoxic lymphocyte cell selected from the group consisting of naïve CD8+ T cells, central 

memory CD8+ T cells, effector memory CD8+ T cells and bulk CD8+ T cell. In some 

alternatives, the host cell is a CD4+ T helper lymphocyte cell that is selected from the group 

consisting of naïve CD4+ T cells, central memory CD4+ T cells, effector memory CD4+ T 

cells, and bulk CD4+ T cells. In some alternatives, the composition comprises a host cell in a 

pharmaceutically acceptable excipient. In some alternatives, the host cell the host cell is a 

primary human lymphocyte, wherein the host cell comprises a) a nucleic acid comprising a 

first promoter, which is an inducible synthetic promoter containing a binding site for a DNA 

binding 	domain 	not 	naturally 	present 	in 	the 	primary 	human 	lymphocyte 	and 	b) a 

polynucleotide coding for a transcriptional activator, the transcriptional activator comprising 

1) the DNA binding domain, wherein the DNA binding domain does not specifically bind to a 

DNA sequence naturally present in the primary human lymphocyte; ii) a domain that 

specifically binds to a drug or metabolite thereof and does not bind or does not bind with as 

great a degree of affinity to any molecule naturally present in the primary human lymphocyte 

and iii) a transactivation domain, wherein the transcriptional activator is capable of inducing 

transcription from the first promoter in the presence of the drug or metabolite thereof and/or 

upon binding of the drug or metabolite thereof to the domain in (ii). In some alternatives, the 

cell 	further comprises a polynucleotide encoding a chimeric antigen receptor, 	which 

optionally is operably linked to the first promoter. In some alternatives, the cell further 

comprises a second promoter, which is operably linked to the polynucleotide encoding the 

transcriptional activator, wherein the second promoter is optionally constitutive. In some 

alternatives, the host cell is a CD8+ T cytotoxic lymphocyte cell selected from the group 

consisting of naïve CD8+ T cells, central memory CD8+ T cells, effector memory CD8+ T 

cells and bulk CD8+ T cell. In some alternatives, the host cell is a CD4+ T helper lymphocyte 

cell that is selected from the group consisting of naïve CD4+ T cells, central memory CD4+ T 

cells, effector memory CD4+ T cells, and bulk CD4+ T cells. In some alternatives, the 

composition comprises a CD8+ I cytotoxic lymphocyte cell selected from the group 
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consisting of naive CD8+ T cells, central memory CD8+ T cells, effector memory CD8+ T 

cells and bulk CD8+ T cell and a CD4+ T helper lymphocyte cell that is selected from the 

group consisting of naive CD4+ T cells, central memory CD4+ I cells, effector memory 

CD4+ T cells, and bulk CD4+ T cells. 

102571 	In some alternatives, a cell and a drug for use in treatment or inhibition of 

cancer or a viral infection is provided, wherein the cell comprises: (a) a polynucleotide 

encoding a chimeric antigen receptor that specifically binds to an antigen associated with the 

cancer or the viral infection, (b) an inducible synthetic promoter, and (c) a transcriptional 

activator containing a DNA binding domain that specifically binds to the synthetic promoter 

and a domain that specifically hinds to the drug or a metabolite thereof and is capable of 

inducing transcription from the synthetic promoter in the presence of the drug or a metabolite 

thereof. In some alternatives, the cancer is a solid tumor or hematologic malignancy. In some 

alternatives, the solid tumor is selected from the group consisting of a breast cancer, lung 

cancer, colon cancer. renal cancer, pancreatic cancer, prostate cancer, and ovarian cancer. 

10258] 	In some alternatives, a method of performing cellular inununotherapy in a 

subject having cancer or a viral infection is provided wherein the method comprises 

administering a composition or a host cell to the subject and administering the drug or 

metabolite thereof, thereby inducing expression from the promoter. In some alternatives, the 

host cell is a primary human lymphocyte, wherein the host cell comprises a) a nucleic acid 

comprising a first promoter, which is an inducible synthetic promoter containing a binding 

site for a DNA binding domain not naturally present in the primary human lymphocyte and b) 

a 	polynucleotide 	coding 	for 	a 	transcriptional 	activator, 	the 	transcriptional 	activator 

comprising 	i) the DNA binding domain, wherein the DNA binding domain does not 

specifically bind to a DNA sequence naturally present in the primary human lymphocyte; ii) a 

domain that specifically hinds to a drug or metabolite thereof and does not hind or does not 

bind with as great a degree of affinity to any molecule naturally present in the primary human 

lymphocyte and iii) a transactivation domain, wherein the transcriptional activator is capable 

of inducing transcription from the first promoter in the presence of the drug or metabolite 

thereof and/or upon binding of the drug or metabolite thereof to the domain in (ii). In some 

alternatives, the cell further comprises a polynucleotide encoding a chimeric antigen receptor, 

which optionally is operably linked to the first promoter. In some alternatives, In some 

alternatives, the cell further comprises a second promoter, which is operably linked to the 

polynucleotide encoding the transcriptional activator, wherein the second promoter is 
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optionally constitutive. In some alternatives, the host cell is a CD8+ T cytotoxic lymphocyte 

cell selected from the group consisting of naïve CD8+ T cells, central memory CD8+ T cells, 

effector memory CD8+ T cells and bulk CD8+ T cell. In some alternatives, the host cell is a 

CD4+ T helper lymphocyte cell that is selected from the group consisting of nave CD4+ T 

cells, central memory CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+ T cells. 

In some alternatives, the composition comprises a host cell in a pharmaceutically acceptable 

excipient. In some alternatives, the host cell the host cell is a primary human lymphocyte, 

wherein the host cell comprises a) a nucleic acid comprising a first promoter, which is an 

inducible synthetic promoter containing a binding site for a DNA binding domain not 

naturally present in the primary human lymphocyte and b) a polynucleotide coding for a 

transcriptional activator, the transcriptional activator comprising i) the DNA binding domain, 

wherein the DNA binding domain does not specifically hind to a DNA sequence naturally 

present in the primary human lymphocyte; ii) a domain that specifically binds to a drug or 

metabolite thereof and does not bind or does not bind with as great a degree of affinity to any 

molecule naturally present in the primary human lymphocyte and iii) 	a 	transactivation 

domain, 	wherein the transcriptional activator is capable of inducing transcription from the 

first promoter in the presence of the drug or metabolite thereof and/or upon binding of the 

drug or metabolite thereof to the domain in (ii). 	In some alternatives, the cell further 

comprises a polynucleotide encoding a chimeric antigen receptor, which optionally is 

operably linked to the first promoter. In some alternatives, the cell further comprises a second 

promoter, which is operably linked to the polynucleotide encoding the transcriptional 

activator, wherein the second promoter is optionally constitutive. In some alternatives, the 

host cell is a CD8+ T cytotoxic lymphocyte cell selected from the group consisting of naïve 

CD8+ T cells, central memory CD8+ T cells, effector memory CD8+ T cells and bulk CD8+ 

T cell. In some alternatives, the host cell is a CD4+ T helper lymphocyte cell that is selected 

from the group consisting of naïve CD4+ T cells, central memory CD4+ T cells, effector 

memory CD4+ T cells, and bulk CD4+ T cells. In some alternatives, the composition 

comprises a CD8+ T cytotoxic lymphocyte cell selected from the group consisting of naïve 

CD8+ T cells, central memory CD8+ T cells, effector memory CD8+ T cells and bulk CD8+ 

I cell and a CD4+ T helper lymphocyte cell that is selected from the group consisting of 

naive CD4+ T cells, central memory CD4+ T cells, effector memory CD4+ T cells, and bulk 

CD4+ T cells. In some alternatives, the cancer is selected from a solid tumor or hematologic 

malignancy. In some alternatives, the solid tumor is selected from the group consisting of a 
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breast cancer, lung cancer, colon cancer, renal cancer, pancreatic cancer, prostate cancer, and 

ovarian cancer. 

102591 	Another aspect of the disclosure includes a genetic system to deliver drug- 

regulated transgene expression in cells, such as drug-regulated expression of a recombinant 

protein such as a recombinant antigen receptor and/or a molecule expressed by a cell 

expressing a recombinant antigen receptor. In an alternative, regulated transgene expression is 

engineered into and/or contained within cells, such as lymphocytes, for example, for use in 

adoptive cell therapy, such as adoptive immunotherapy. Such systems provide rigorous safety 

attributes to cell therapies, such as chimeric antigen receptor (CAR) adoptive therapeutic 

strategies, generally without sacrificing curative intent. In some aspects, such features permit 

real-time clinician control of recombinant protein expression, e.g., CAR expression, in vivo. 

By engineering vectors that enable drug responsive transcriptional control of recombinant 

gene, e.g., CAR, expression, the activity of the recombinant gene, e.g., CARs, and/or other 

cell mediators can be turned "ON" and "OFF" in vivo, for example, based on a clinician 

prescribed pharmaceutical drug input that exhibits clinically permissive pharmacokinetics, 

tissue 	distribution, 	and 	partitioning 	between 	the 	extracellular 	space 	and 	cytosol 	of 

lymphocytes. The genetic system provides for drug regulated transgene expression to enforce 

a functional "OFF" state in the absence of the drug and a functional "ON" state transgene 

expression in the presence of the drug. 

102601 	One alternative of such a drug is tamoxifen. Tamoxifen is an estrogen 

antagonist/partial agonist that is an FDA-approved and commercially available drug. It is 

taken orally and can be administered on a daily basis over an extended period of time. 

Tamoxifen has a proven safety record, favorable pharmacokinetic profile, excellent tissue 

distribution and a low partition coefficient between the extracellular space and cytosol. 

Functional analogs of tamoxifen also may be used. Other drugs can be selected, for example, 

based on safely record, favorable phannacokinetic profile, excellent tissue distribution, a low 

partition coefficient between the extracellular space and cytosol, and/or low toxicities. 

102611 	In some alternatives, the system 	employs a synthetic transcriptional 

regulator, e.g., synthetic transcriptional activator, which, in the presence of tamoxifen, can be 

induced to bind to a synthetic promoter operably linked to, e.g., upstream of, a transgene, to 

induce expression from the promoter, e.g., of the transgene. In some alternatives provided 

herein, the transcriptional activator is regulated by a drug or metabolite thereof, such as a 

tamoxifen-regulated transcriptional activator or transcription factor, which may be regulated. 
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e.g., induced, by tamoxifen or an analog or metabolite thereof. 	Exemplary tamoxifen- 

regulated transcription factors are chimeric transcription factors, such as those comprising a 

DNA binding domain specific for a synthetic promoter of the system, a domain that 

specifically binds tamoxifen and/or metabolite(s) thereof, for example, with affinity higher 

than the affinity of the domain for a natural molecule such as estrogen, and a transactivating 

domain, such as a strong transactivating domain. One tamoxifen regulated transcription factor 

("TamR-tf,  , also designated "HEA3") is a chimeric transcription factor composed of human 

subunits including the N-terminal DNA binding domain of Hepatocyte Nuclear Factor 1-

alpha (I INF-1a) fused in frame to a mutant (G521R) tamoxifen-specific form of an estrogen 

receptor ligand binding domain (ER-LBD), which binds to tamoxifen metabolites with high 

affinity as compared to estrogen, which is in turn fused to the p65 activation domain of NE-

x13 (05). An exemplary amino acid sequence of a TamR-tf is provided in Table 10 and is 

identified as SEQ ID NO: 40. In this sequence, the mutant tamoxifen-specific form of the 

ligand binding domain of the estrogen receptor ligand binding domain (ER-LBD) is found at 

amino acids 282-595 of the TamR-tf and has a mutation at position 521, as compared to wild-

type estrogen receptor ligand binding domain. The p65 activation domain of NE-KB (p65) is 

found at amino acids 596-862 of SEQ ID NO: 40. Changes can be made to the transcriptional 

activator, for example, to increase the properties of the transcription factor including, without 

limitation, altering one or more amino acids in the estrogen receptor ligand binding domain to 

increase the affinity of the factor for estrogen analogs and altering one or more amino acids in 

the p65 transactivating domain. In some alternatives, changes are made to the transcriptional 

activator that result in an altered transcription factor which retains or substantially retains one 

or more functions of tamR-tf, such as tamoxifen-specific binding and/or the same or 

substantially the same or at least the same specificity for tamoxifen or metabolite as compared 

to any natural molecule, at least the same or about the same specific DNA binding function, 

and/or the same or at least the same degree of transactivation activity. 

10262] 	In the absence of tamoxifen, the transcriptional activator, e.g., TamR-tf, is 

generally excluded from the nucleus by binding of cytosolic heat-shock protein 90 (HSP90) to 

the tamoxifen-binding active site, resulting in the expression of a transgene operably linked to 

the tamR-tf-inducible promoter being in the "OFF" state. Nanomolar concentrations of 

cytosolic tamoxifen actively out-compete ITSP90 for ER-LBD binding, resulting in TamR-tf 

translocation to the nucleus. Upon nuclear translocation, TamR-tf is readily available to bind 

to a restricted synthetic promoter (e.g. 7x1-MD/EFlap). In the presence of tamoxifen, binding 
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of TamR-tf to the synthetic promoter, e.g., the 7xl-TBD/EFI op promoter, induces the "ON" 

state of expression for a transgene operably linked to the synthetic promoter. In some 

alternatives, this transcriptional regulator can be modified to provide for a varying level of 

control of transgene expression. Amino acid substitutions in the LBD of TarnR-tf permit 

selective responsiveness to tamoxifen and its metabolites, where 4-hydroxy tamoxifen (4- 

OHT) is the most pharmacologically active metabolite, in regards to TamR-tf activity, while 

lacking interactio❑ with endogenous estrogen.ln some alternatives, a system for inducible 

expression of chimeric antigen receptor is provided, wherein the system comprises: a first 

nucleic 	acid 	comprising 	a 	first 	promoter 	inducible 	by a 	drug 	operably 	linked to 	a 

polynucleotide, such as one coding for a chimeric antigen receptor, the chimeric antigen 

receptor optionally comprising a ligand binding domain, wherein the ligand binding domain 

binds to a ligand, wherein the ligand is a tumor specific molecule, viral molecule, or any other 

molecule expressed on a target cell population that is suitable to mediate recognition and 

elimination by a lymphocyte, a polypeptide spacer, wherein the spacer optionally 	for provides 

increased T cell proliferation and/or cytokine production in response to the ligand as 

compared to a reference chimeric receptor, 	a transmernbrane domain, and an intracellular 

signaling domain. 	In some alternatives, the system further includes a second nucleic acid 

encoding a transcriptional modulator for the inducible promoter, which is capable of 

modulating, e.g., activating, transcription from the first promoter, such as in the presence of 

the drug or metabolite thereof; typically the system comprises a second constitutive or 

inducible promoter operably linked to a nucleic acid coding for the transcriptional modulator. 

10263] 	In some alternatives of the inducible system, the first promoter is operably 

linked to a polynucleotide coding for a gene that promotes cell survival and proliferation, a 

gene that prevents apoptosis, and/or a gene that that inhibits negative checkpoint signaling. 

Such genes include genes encoding IL-2, 1L-15, Chemokine receptors, Bcl2, CA-Aki, dn- 

TGFbetaR111, cin-SHP1/2, and/or PD-1CD28 chimeras. 

[0264] 	In some alternatives, 	the system employs a 	synthetic transcriptional 

activator which, in the presence of the drug (e.g.tamoxifen) or a metabolite thereof, such as 

following administration of the drug, is induced to bind a synthetic promoter upstream of a 

transgene to induce expression. In some alternatives, the transcriptional activator is TamR-tf 

HEA3) or other tamoxifen-inducible transcriptional activator with analogous domains. The 

tamoxifen regulated transcription factor ("TamR-tr, also designated "HEA3") is a chimeric 

transcription factor composed of human subunits including the N-terminal DNA binding 
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domain of Hepatocyte Nuclear Factor 1-alpha (HNF-1a)(e.g. amino acids 1-281 of SEQ ID 

NO: 40) fused in frame to the mutant tamoxifen-specific ligand binding domain of the 

estrogen receptor ligand binding domain (ER-LBD), that is in turn fused to the p65 activation 

domain of NF-icB (p65). 

10265] 	In some alternatives of the compositions herein, the CD4+ T helper 

lymphocyte cell is naive CD4+ T cells, central memory CD4+ '1' cells, effector memory CD4+ 

T cells, or bulk CD4+ T cells. In some alternatives, CD4+ helper lymphocyte cell is a naive 

CD4+ T cell, wherein the naive CD4+ T cell comprises a CD45RO-, CD45RA+, and/or is a 

CD62L+ CD4+ T cell. 	In some alternatives, at least 20, 30, 40, 50, 60, 70, 80, 90, 95, 99, or 

100 % of the cells in the composition arc CD4+; in some alternatives, at least 20, 30, 40, 50. 

60, 70, 80, 90, 95, 99, or 100 % of the cells in the composition or the CD4+ cells in the 

composition are naive CD4+ T cells, central memory CD4+ T cells, effector memory CD4+ T 

cells, or bulk CD4+ T cells. 

[0266] 	In some alternatives of the compositions herein, the CD8+ T cytotoxic 

lymphocyte cell is a naïve CD8+ T cell, central memory CD8+ T cell, effector memory CD8+ 

T cell and/or bulk CD8+ '1' cell. In some alternatives, the CD8+ cytotoxic T lymphocyte cell 

is a central memory T cell, wherein the central memory T cell comprises a CD45R0+, 

CD62L+, and/or CD8+ T cell. In yet other alternatives, the CD8+ cytotoxic T lymphocyte cell 

is a central memory T cell and the CD4+ helper T lymphocyte cell is a naive or central 

memory CD4+ I cell. In some alternatives, at least 20, 30, 40, 50, 60, 70, 80, 90, 95, 99, or 

100 % of the cells in the composition are CD8+; in some alternatives, at least 20, 30, 40, 50, 

60, 70, 80, 90, 95, 99, or 100 % of the cells in the composition or the CD8+ cells in the 

composition are naive CD8+ T cells, central memory CD8+ T cells, effector memory CD8+ T 

cells, or bulk CD8+ 'I cells. In some embodiments, at least 20, 30, 40, 50, 60, 70, 80, 90, 95, 

99, or 100 % of the cells in the composition, and/or of the CD4+ and/or CD8+ cells in the 

composition, express the transgene or recombinant molecule, such as the CAR, and/or 

contain the expression system. 

102671 	Additionally provided are methods of making compositions including 

adoptive immunotherapy compositions, such as those containing the systems, and uses or 

methods of using these compositions, such as for performing cellular immunotherapy in a 

subject having a disease or disorder. 

[0268J 	In 	some 	alternatives, 	a method of manufacturing the compositions 

comprises obtaining generating a modified naive or naïve-derived or central memory or 
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central memory-derived CD4+ T helper cell or population containing the same, wherein the 

modified helper T lymphocyte cell preparation comprises CD4+ T cells that have a chimeric 

receptor, such as one comprising a ligand binding domain specific for a tumor cell surface 

molecule, a spacer domain, a transmembrane domain, and an intracellular signaling domain 

under control of an inducible promoter as described herein. In other some alternatives, CD4+ 

cells have a cytokine or chemokine receptor under the control of an inducible promoter. 

102691 	In some alternatives of the methods described herein, the T-cells are 

administered with other T-cells that are non-CAR expressing, and/or produce Tarn-inducible 

proteins. In some alternatives, the transcriptional activator for the CAR comprises a DNA-

binding domain, a tamofexin/metabolite binding domain, or a transactivation domain. In 

some 	alternatives, 	one 	or 	more, 	generally 	all, 	of the 	domains 	from 	the 	synthetic 

transcriptional activator is or are derived from human proteins, such as human or substantially 

human 	domains. 	Such features 	can 	reduce immunogcnicity of the 	constructs 	upon 

administration to human subjects, for example. in cell therapy. 

Expression in Jurkat Cells. 

10270] 	The "ON" and "OFF" state of Jurkat T cells expressing TamR ZsGreen 

was studied. 

Constructs. 

10271] 	In some alternatives, this system involves two components: 1) constitutive 

expression of HEA-3 linked to a single transgene or set of transgenes by T2A skip-linker 

domains and 2) conditional expression of a transgene that is under control of the HEA-3 

restricted synthetic promoter 7x1113D/mEFlap whereby induction of the transgene occurs in 

response to tamoxifen. Depending on the desired use of TamRLV genetic control, a 

combination of delivery systems and vector compositions can be used. Construction of 

constructs is described above. 

102721 	An alternative of the TamR-LV system allows for constitutive HEA3 

expression and inducible expression of either ZsGreen or chimeric antigen receptors, 

permitting kinetic analysis and biological effect controlled in an "ON" and "OFF" manner by 

the presence or absence of tamoxifen. For this, two constructs were used: 1) ILEA-3 is driven 

by thc human EFla promoter and linked to thc constructed truncated EGFR (EGFRt) 
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transmemhrane marker protein by a T2A skip-linker sequence and cloned into a third 

generation epHIV7 self-inactivating lentivirus packaging plasmid (construct A). (See Table 

10; SEQ ID NO: 39; Table 1: SEQ ID NO: 8 and SEQ ID NO: 9) and 2) 7x1113D/mEFlap 

controls tamoxifen-dependent expression of ZsGreen cloned into pcDNA3.1(-) which was 

engineered to lack the commercially used CMV promoter (construct B) (See Table 12; SEQ 

ID NO: 41). ZsGreen] is a human codon-optimized ZsGreen variant that encodes the 

brightest commercially available green fluorescent protein. (Available from Clontech). 

Methods. 

102731 	Jurkat cells were transduced at a MOl of 5 with lentivirus packaging 

constructs described above in which a dual packaging approach in which each plasmid is co-

transfected into 293T cells during lentiviral production. This construct utilized molar ratio of 

1:2 of construct A to construct B. Construct A encodes the chimeric transcription factor 

HEA3 linked via a ribosomal cleavage sequence. T2A, to the tracking and selection marker 

EGFRt. Construct B encodes the synthetic, HEA3-responsive promoter, 7xHBD/mElb which 

regulates expression of the transgene ZsGreen-DRI, a short half-life green fluorescent 

reporter gene. 

10274) 	After transduction, cells were expanded in culture, enriched for EGFRt 

expression utilizing Miltenyi magnetic bead selection, to a purity >99%. After further 

expansion in culture, cells were harvested and treated with Ethanol (Vehicle) as a negative 

control or 500 nM 4-hydroxytamoxifen ( 4OHT) for 24 hours, and then were harvested, 

stained with Erhitux-biotin followed by SA-APC, and analyzed for APC expression and 

ZsGreen expression via flow cytometry. The results are shown in Figure 1. 

Dose response. 

10275] 	Cells were harvested and were then subjected to treatment with 40111 with 

concentrations ranging from 0 nM-1000 nM, as indicated. Samples were harvested, washed, 

and stained with EGFRt-biotin, followed by strepavidin-APC, and then analyzed by flow 

cytometry for ZsGreen expression. The results are shown in Figure 2. 
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On and Off rate Kinetics. 

[0276] 	The population was subjected to 500 nM 4OHT stimulation for 48 hours, 

and then sorted for ZsGreen + cells utilizing FACS, yielding a >99% ZsGreen + population 

on immediate post-sort analysis. Cells were subsequently expanded in culture for 3 weeks, 

and then prepared thr kinetic studies. Cells were divided into 3 treatment groups: (1) no 

4OHT (2) 200 nM 4OHT (added every 48 hours) (3) 24 hour 200 nM 4OHT, followed by 

washout lx in PBS, then culture in 4OHT free media for 14 days, followed by a 24 hour re-

stimulation with 200 nm 401IT, and then washout in lx PBS. At each time point, samples 

were harvested and analyzed via flow cytometry for ZsGreen expression. Results are shown 

in Figure 3 and are presented as % ZsGreen+. 

Results.  

102771 	The results in Figure 1 show that in the presence of 4-hydroxy tamoxifen 

(4-0HT), about 50% of the cells express ZsGreen, indicating these cells have both constructs 

A and B and that 4-01 IT induced expression of construct B. The results of the dose response 

curve show that a concentration of 200 nM or greater of 4-OUT was effective to induce 

expression of the transgene in transduced cells. (Figure 2). The results in Figure 3 show that 

as the 4-OHT is washed out of the culture, the Zs Green expression drops off to less than 10% 

of the max ZsGReen activity within 5 days. When 4-011T is added back, ZsGreen activity 

returns to about 100% max activity within 2 days. 

Discussion. 

102781 	These experiments show that human T Jurkat cells can be transduced with 

a dual packaged lentivirus with a constitutive component and an inducible component. 

Expression of the ZsGreen gene is induced in the presence of 4-OHT in a dose responsive 

manner. In addition, washing out of 4-OHT from the cell culture resulted in a decrease in 

expression of ZsGreen that could be re-stimulated by addition of 4-OHT back to the cells. 

Expression in Primary CD4 Central Memory Cells and CD8 central Memory cells. 

102791 	"ON" and "OFF" state of CD4 and CD8 Central memory T cells 

expressing TarnR ZsGreen was studied. 
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Constructs. 

[0280] 	hi some alternatives, this system involves two components: 1) constitutive 

expression of HEA-3 linked to a single transgene or set of transgenes by T2A skip-linker 

domains (construct A) (See Table 10; SEQ ID NO: 39; Table 1 SEQ ID NO: 8 and SEQ 1D 

NO: 9) and 2) conditional expression of a transgene that is under control of the HEA-3 

restricted synthetic promoter 7xHBD/mEFlap whereby induction of the transgene occurs in 

response to tamoxifen (construct B) (See Table 12; SEQ ID NO: 41). Depending on the 

desired use of TamRLV genetic control a combination of delivery systems and vector 

compositions can be used. Constructs were prepared as described above. 

Methods. 

102811 	CD4 central 	memory cells were obtained from peripheral blood by 

selecting cells through flow cytometry for markers CD4. and CD621, and negative for 

CD45RO. Cells were cultured with anti-CD3/anti-CD28 beads for 3 days. 

[0282] 	CD8 	central 	memory cells were obtained 	from peripheral 	blood 	by 

selecting cells through flow cytometry for markers CD8, and CD62L and negative for 

CD45RO. Cells were cultured with anti-CD3/anti-CD28 heads for 3 days. 

[0283] 	After 3 days, CD4 or CD8 central memory cells were transduced at a MOI 

of 5 with lentivirus packaging constructs described above in which a dual packaging approach 

in which each plasmid is co-transfected into 293T cells during lentiviral production. This 

construct utilized molar ratio of 1:2 of construct A to construct B. Construct A encodes the 

chimeric transcription factor HEA3 linked via a ribosomal cleavage sequence, T2A, to the 

tracking and selection marker EGFRt. Construct B encodes the synthetic, HEA3-responsive 

promoter, 7xHBD/mEl b which regulates expression of the transgene ZsGreen-DR], a short 

half-life green fluorescent reporter gene. 

[0284] 	On day 21 	after transduction, cells were enriched for EGFRt, and 

subsequently expanded with feeder cells, IL2, and IL15. Following expansion, cells were 

divided into 3 treatment groups. 4OHT alone (A), 4OHT combined with CD3/CD28 bead 

cotreatment (B) or 401-IT alone for 48 hours. followed by addition of CD3/CD28 beads (C). 

Corresponding samples without 401-IT were also obtained for comparison. All samples were 

harvested at indicated time points following 4OHT treatment, stained with EGFRt-biotin 
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antibody. followed by SA-APC, and analyzed for flow cytometry. The results are shown in 

Figure 4 (CD4 central memory) and Figure 5 (CD8 central memory). 

Results. 

[0285] 	The results show that the CD4 cells transduced with the dual plasmid vector 

required the presence of activation stimulus in order to express the ZsGreen even in the 

presence of tamoxifen. See Figure 4B. About 70% of the primary transduced CD4 cells in the 

presence of tamoxifen and antiCD3/anti-CD28 beads expressed ZsGreen. Gene expression 

was seen when activation occurred after a 48 hour treatment with tamoxifen. See Figure 4C. 

102861 	The results show that the CD8 cells transduced with the dual plasmid vector 

also required the presence of activation stimulus in order to express the ZsGreen even in the 

presence of tamoxifen. Sec Figure 5B. About 37% of the primary transduced CD8 cells in the 

presence of tamoxifcn and antiCD3/anti-CD28 beads expressed ZsGreen. Gene expression 

was seen when activation occurred after a 48 hour treatment with tamoxifen. See Figure 5C. 

[0287] 	These results show that primary central memory T cells transduced with an 

inducible construct can express the transgene in the presence of the inducer upon activation 

with antiCD3/CD28 cells. However, nonactivated cells expressing the transgene can be 

readily isolated using immunomagnetic or flow cytometry sorting. 

Construction of TamR---CDI9CAR LV. 

[0288] 	Construction of the vector was accomplished by dual packaging of transfer 

plasmids housing constructs as described above at a plasmid molar ratio of 1:1. (See Figure 

6C and 7C) Construct A under the constitutive EF-1 alpha promoter encodes TamR-tf 

(HEA3) linked via a ribosomal cleavage sequence, T2A, to the tracking and selection marker 

EGERt.(See Table 10; SEQ 11) NO: 39, Table 1: SEQ ID NO: 8 and SEQ ID NO: 9) 

Construct B contains the 7x1-1BD/mElb promoter with downstream transgene eDNA 

including CD19CAR linked via 2a cleavage sequence to Her2t, a tracking and selection 

marker.(See Table 12; SEQ ID NO: 41; Table 2 SEQ ID NO: 10; Table 13; SEQ ID NO: 

44). Another construct was prepared adding an additional selective marker DITFRdm (See 

Table 14; SEQ ID NO: 46). 

[02891 	Human Jurkat cells were transduced at a MOI of 2, then were expanded in 

culture, and selected for EGFRt+ cells via magnetic bead selection. After further expansion, 

cells were either treated with vehicle alone (EtOH) or 500 nM 40HT, and harvested for flow 
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cvtometry. Samples were stained with F,GFRt-APC antibody and Herceptin-biotin, followed 

by SA PE. Samples were also prepared for western blot, the primary antibody used is an anti- 

CD247 mouse mAb which recognizes the intracellular CD3 zeta chain on the CDI9CAR 

(-48 kDa). The endogenous CD3 zeta migrates at —23 kDa. The results are shown in Figure 

6. 

Jurkat T cells transduced with TamR CDI9CAR LV containing a selective marker. 

102901 	Construction of TamR CD19CAR LV was done through dual packaging of 

constructs A and 13. Construct A contains HEA3 linked via a ribosomal cleavage sequence, 

T2A, to the tracking and selection marker EGFRt. Construct B contains the 7xHBD/mE 1 b 

promoter with downstream transgene consisting of CD19CAR linked via 2a cleavage 

sequence to Her2t. a tracking and selection marker. linked via another 2a cleavage sequence 

(P2A) to DHFRdm, a methotrexate selection gene. 

102911 	Cells were transduced with TamR CD19CAR LV at a MOI of 1, expanded 

in culture, selected for EGFRt via magnetic bead selection. Following further expansion cells 

were treated with vector alone (EtOH) or 500 nM 4OHT, and harvested for flow cytometry. 

(upper panel). Figure 7. Samples were stained with EGFRt-APC antibody and Herceptin-

biotin, followed by SA- PE. Parental (untransduced Jurkat) is shown for comparison, Samples 

were also prepared for western blot, the primary antibody used is an anti-CD247 mouse mAb 

which recognizes the intracellular CD3 zeta chain on the CDI9CAR (-48 kDa). The 

endogenous CD3 zeta migrates at —23 kDa. 

Results. 

102921 	The results show that EGFRt is detected in 94.6% of cells transduced with 

a construct not including the additional selective marker DHFRdrn. See Figure 6B. Figure 

6C shows that in the presence of tamoxifen, about 42.6% of the cells transduced with a 

construct not including DHFRdm expressed both EGFRt and Her2t. The cells expressing both 

markers expressed the CD3zeta chain as part of the CAR construct (48 kDa) as detected in 

Western blot. See Figure 6B. 

102931 	Figure 7 shows that 85.9% Jurkat cells transduced with a construct 

including another 2a cleavage sequence (P2A) to DHFRdm in the absence of tamoxifen 

express EGFRt. In the presence of tamoxifen, about 7.5% of the cells expressed both EGFRt 
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and Her2t. The cells expressing both markers expressed the CD3zeta chain as part of the 

CAR construct (48 kDa) as detected in Western blot. See Figure 7B. 

[0294] 	Inducible expression of CD19 CAR is shown in transduced Jurkat cells. 

Induction can be measured by detecting expression of the marker Her2t as well as detecting 

expression of CDI9CAR using western blot. Adding an additional selectable marker. 

DHERdm. to the inducible construct did not improve inducible gene expression. 

TamR C1)19CAR LV Transduced human CD4 TCM T cells. 

[0295] 	CD4 central memory cells were obtained from peripheral blood by 

selecting cells through flow cytometry for markers CD4, and CD62L and negative for 

CD45RO. Cells were cultured anti-CD3/anti-CD28 beads for 3 days. After 3 days, CD4 

Central memory cells were transduced at a MOI of 5 with a lentivirus which packages 

constructs A and B. (Figure 8B). Construct A encodes the chimeric transcription factor 

HEA3 linked via a ribosomal cleavage sequence, T2A, to the tracking and selection marker 

EGFRt. (See Table 10; SEQ ID NO: 39; Table I; SEQ ID NO: 8 and SEQ ID NO: 9). 

Construct B 	encodes the synthetic, HEA3-responsive 	promoter, 7xHBD/mElb which 

regulates expression of the transgene CDI9CAR- linked via a T2A to Her2t for tracking and 

selection, and via a second 2a sequence, P2A, to the methotrexate selection gene DIIFRelm. 

(See Table 12; SEQ ID NO: 41; Table 2 SEQ ID NO: 10; Table 13; SEQ ID NO: 44; Table 

14: SEQ ID NO: 46). 

[0296] 	On day 21 after transduction, cells were enriched for EGFRt utilizing 

magnetic bead selection, and subsequently expanded with irradiated feeder cells, IL2, and 

IL15. Two weeks after expansion, cells were cryopreserved. In the experiment depicted 

above. CD4+ CEM cells which were mock transduced, or CD4 +TamR CD19CAR LV were 

thawed, placed in culture with CD3/CD28 beads, IL-2, 1L-15. CD4+TamRCD19CAR LV 

were treated or not with 500 nM 40HT for 24 hours. All samples were harvested washed. 

then stained with an EGFRt-APC antibody and Her2t-biotin, followed by SA-PE, and 

analyzed via flow cytometry. The results are shown in Figure 8. 

Results. 

[0297] 	The results in Figure 8 show that in the absence of tamoxifen 75.6% of 

transduced primary CD4 central memory cells express EGFRt, indicating the constitutive 
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expression of construct A. In the presence of tamoxifen and an activating stimulus (e.g. 

antiCD3/ antiCD28 beads), about 14.7 % of the primary cells express both EGFRt and Her2t. 

[02981 	Primary CD4 cells transduced with an inducible vector in the presence of 

the inducer and an activating stimulus express the transgene under control of the inducible 

promoter as detected by the expression of the marker gene Hera However, nonactivated cells 

expressing the transgene can be readily isolated using immunomagnetic or flow cytometry 

sorting. Further characterization of these cells will involve detecting of expression of 

CD19CAR. 

[02991 	The foregoing is illustrative of the present invention, and is not to be 

construed as limiting thereof. The invention is defined by the following claims, with 

equivalents of the claims to be included therein. All references and documents referred to 

herein are hereby incorporated by reference. 

Table 1 

Sequence of anti-CD19 short spacer chimeric receptor 

GMC SFRs s-CD19scFv-IgG4hinge-CD28tm-41BB-Zeta-T2A-EGFRt 

Aigetgctgctggtgaecagcetgagetglgcgagctececcacccegccittetgctgatccce (GMCSFRss) (SEQ ID 
NO:2) 

Gacatccagatgacecagaccacetccagcctgagcgccagcctgggcgaccgggtgaccatcagctgccgggccagecaggaca 
tcageaagtacctgaactggtatcageagaagecegacggeaccgtcaagctgctgatciaccacaccagccggctgcacageggcg 
tgcccagccggtttageggcageggetccggeaccgactacagcctgaccatctccaacetggaacaggaagatatcgccacctactt 
ttgecagcagggeaacacactgccctacacetttggeggeggaacaaagctggaaatcaccggcagcaectccggcageggeaagc 
etggcageggcgagggeageaccaagggcgaggtgaagctgcaggaaageggccetggcctggtggeccccagccagageetga 
gegtgacctgcacegtgageggegtgagectgeccgactaeggcgtgagctggatecggcagececccaggaagggcctggaatg 
gctgggcgtgatctggggcagegagaccacctactacaacagegccctgaagageeggctgaccatcatcaaggacaacagcaaga 
gccaggtgttcetgaagatgaacagcctgcagaccgacgacaccgccatctaetactgcgccaageactactactacggeggeageta 
egecatggactactggggccagggcaccagegtgaccgtgagcage 	(CD19scFv) (SEQ ID NO:3) 

Gaatctaagtacggaccgccetgcmccettgccet (IgG4hinge) (SEQ ID NO:4) 

Atgttctgggtgctggtggtggteggaggcgtgctggcctgctacagcctgctggtcaccgtggccttcateatettttgggtg 
(CD28tm-)(SEQ ID NO:5) 

Aaaeggggcagaaagaaactectgtatatattcaaacaaccantatgagaccagtacaaactactcaagaggaagatggctgtagctg 
ccgamccagaagaagaagaaggaggatgtgaactg (4I BB) (SEQ ID NO:6) 

Cgggtgaagttcagcagaagegecgacgeccetgcctaccagcagggecagaalcagagtacaacgagagaacctgggcagaa 
gggaagagtacgacgtectggataageggagaggccgggacectgagatgggeggcaagectcggeggaagaacecccaggaag 
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gcctgtataacgaactgcagaaagacaagatggccgaggeetacagegagateggcatgaagggegageggaggeggggcaagg 
gceacgacggcctgtateagggcctgtecaccgccaccaaggatacctacgacgccetgeacatgeaggccetgoecccaagg 
(CD3Zeta)- (SEQ ID NO:7) 

Ctegagggeggeggagagggcagaggaagtettetaacatgeggtgaegtggaggagaateceggccetags (T2A) (SEQ 
ID NO:8) 

Atgettetectggtgacaagccttctgetetgtgagttaccaeacecagcattcetcetgatcccacgeaaagtgtgtaacggaataggta 
ttggtgaatttaaagaetcactetecataaatgctaegaatattaaaeactteaaaaactgeacetecateagtggegatctecacatectge 
eggtggcattiaggggtgactecttcaeacatactectectctggatccacaggaactggatattetgaaaaccgtaaaggaaateacag 
ggttatgetgatteaggettggeetgaaaacaggaeggacetceatgeetitgagaacetagmateataegcggeaggaecaageaa 
eatggteagtittetcligeagtegtcagcctgaaeataacateettgggatlacgetecctcaaggagataagtgalggagatgtgataatt 
teaggaaacaaaaattigtgetatgeaaatacaataaactggaaaaaactgtligggacetcegetcagaaaaceaaaattataagcaac 
agaggtgaaaacagetgcaaggccacaggceaggtctgccatgccitgtgeteccccgag2getgctggggcceggageccaegg 
actgcgtetettgccggaatgtcagcegaggeagggaatgcgtggacaagtgcaacctictggagggtgagecaagggagatgtgga 
gaactagagigcatacagtgccacccagagtgcctecelcaggecatgaacatcacetgcacaggacggggaccagacaactgtate 
cagtgtgcccactacattgaeggeecccactgegtcaagacetgeccggcaggagteatgggagaaaacaacaccetggtctggaag 
ittegcagaegccggccatglgtgccacetgtgccatceaaactgcacetacggatgeactgggecagglettgaagectgtceaaega 
atgggectaagateecgtceatcgccactgggatggtgggggecctectettgetgctggtggtggccctggggatcggcctetteatgt 

ga 	(EGFRt) (SEQ ID NO:9) 
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Table 2 
GMCSFRss 

DNA: ATGCTGCTGCTGGTGACCAGCCTGCTGCTGTGCGAGCTGCCCCACCCCGCC 
AA:MLLLVTSLLLCELPHPA 

(71D191m1N 
DNA: TTTCTGCTGATCCCC:GACATCCAGATGACCCAGACCACCTCCAGCCTGAGC 
AA:FLLIP 	DIQMTOTTSSLS 

DNA: GCCAGCCTGGGCGACCGGGTGACCATCAGCTGCCGGGCCAGCCAGGACATC 
AA:ASLGDRVTISCRASQDI 

DNA: AGCAAGTACCTGAACTGGTATCAGCAGAAGCCCGACGGCACCGTCAAGCTG 
AA:SKYLNWYQQKPDGTVKL 

DNA: CTGATCTACCACACCAGCCGGCTGCACAGCGGCGTGCCCAGCCGGTTTAGC 
AA:LIYHTSRLHSGV ,, SRFS 

DNA: GGCAGCGGCTCCGGCACCGACTACAGCCTGACCATCTCCAACCTGGAACAG 
AA:GSGSGTDYSLTISNLEQ 

DNA: GAAGATATCGCCACCTACTTTTGCCAGCAGGGCAACACACTGCCCTACACC 
AA:EDIATYPCIDOGNTLPYT 

DNA: TTTGGCGGCGGAACAAAGCTGGAAATCACCGGCAGCACCTCCGGCAGCGGC 
AA:FGGGTKLE1TGSTSGSG 

DNA: AAGCCTGGCAGCGGCGAGGGCAGCACCAAGGGCGAGGTGAAGCTGCAGGAA 
AA:KPGSGEGSTKGEVKLQE 

DNA: AGCGGCCCTGGCCTGGTGGCCCCCAGCCAGAGCCTGAGCGTGACCTGCACC 
AA:SGPGLVAPSOSLSVTCT 

DNA: GTGAGCGGCGTGAGCCTGCCCGACTACGGCGTGAGCTGGATCCGGCAGCCC 
AA:VSGVSLPDYGVSWIRQP 

DNA: CCCAGGAAGGGCCTGGAATGGCTGGGCGTGATCTGGGGCAGCGAGACCACC 
AA:PRKGLEWLGVIWGSETT 

DNA: TACTACAACAGCGCCCTGAAGAGCCGGCTGACCATCATCAAGGACAACAGC 
AA:YYNSALKSRLTIIKDNS 

DNA: AAGAGCCAGGTGTTCCTGAAGATGAACAGCCTGCAGACCGACGACACCGCC 
AA:KSQVFLKMNSLQTDDTA 

DNA: ATCTACTACTGCGCCAAGCACTACTACTACGGCGGCAGCTACGCCATGGAC 
AA:ITYCAKHYYYGGSTAMD 

IgG4hinge 
DNA: TACTGGGGCCAGGGCACCAGCGTGACCGTGACCAGC:GAGAGCAACTACGGA 
AA:YWGQGTSVTVSS 	ESKYG 

()28fin 
DNA: CCGCCCTGCCCCCCTTGCCCT:ATGTTCTGGGTGCTGGTGGTGGTCGGAGGC 
AA:PFCPPCP 	MFWVLVVVGG 

DNA: GTGCTGGCCTGCTACAGCCTGCTGGTCACCGTGGCCTTCATCATCTTTTGG 
AA:VLACYSLLVTVAil1FW 

411111 
DNA: GTG:AAACGGGGCAGAAAGAAACTCCTGTATATATTCAAACAACCATTTATG 
A:V 	KRGAKKLLYIFKOPFM 

134 



DNA: AGACCAGTACAAACTACTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCCA 
AA:RPVQTTQEEDGCSCRFP 

CD32kla 
DNA: GAAGAAGAAGAAGGAGGATGTGAACTGCGGGTGAAG:TTCAGCAGAAGCGCC 
AA:EEREGGCELRVK 	FSRSA 

DNA: GACGCCCCTGCCTACCAGCAGGGCCAGAATCAGCTGTACAACGAGCTGAAC 
AA:DAPAYQQGQNQLYNELN 

DNA: CTGGGCAGAAGGGAAGAGTACGACGTCCTGGATAAGCGGAGAGGCCGGGAC 
AA:LGRREEYDVLDKRRGRD 

DNA: CCTGAGATGGGCGGCAAGCCTCGGCGGAAGAACCCCCAGGAAGGCCTGTAT 
AA:PEMGGKPARKNPQEGLY 

DNA: AACGAACTGCAGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATG 
AA:NELQKDKMAEAYSEI 	G 	M 

DNA: AAGGGCGAGCGGAGGCGGGGCAAGGGCCACGACGGCCTGTATCAGGGCCTG 
AA:KGERRRGKGHDGLYQGL 

DNA: TCCACCGCCACCAAGGATACCTACGACGCCCTGCACATGCAGGCCCTGCCC 
AA:STATKDTYDALRMQALP 

T2A 
DNA: CCAAGG:CTCGAGGGCGGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGT 

AA:PR 	LEGGGEGRG 	S 	L 	L 	T 	C 	G 

EGFRt 

DNA: GACGTGGAGGAGAATCCCGGCCCTAGG:ATGCTTCTCCTGGTGACAAGCCTT 

AA:DVEENPGPR 	MLLLVISL 

DNA: CTGCTCTGTGAGTTACCACACCCAGCATTCCTCCTGATCCCACGCAAAGTG 

AA:LLCNIFHPAFLLTPRNV 

DNA: TGTAACGGAATAGGTA7TGGTGAATTTAAAGACTCACTCTCCATAAATGCT 

AA:CNGIGIGEFKDSLSINA 

DNA: ACGAATATTAAACACTTCAAAAACTGCACCTCCATCACTGGCGATCTCCAC 

AA:TNIKHFKNCTSINGDLN 

DNA: ATCCTGCCGGTGGCATTTAGGGGTGACTCCTTCACACATACTCCTCCTCTG 

AA: 	1LI, VANKGDSYTHT9121, 

DNA: GATCCACAGGAACTGGATATTCTGAAAACCGTAAAGGAAATCACAGGGTTT 
AA:DPQELDIIKTVKEITGF 

DNA: TTGCTGATTCAGGCTTGGCCTGAAAACAGGACGGACCTCCATOCCTTTGAG 
AA:LLIQAWNENRTDLHAFE 

DNA: AACCTAGAAATCATACGCGGCAGGACCA&GCAACATGOTCAGTTTTCTCTT 
AA:NLN1 	IRGRTKQHGQNSI, 
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DNA: GCAGTCGTCAGCCTGAACATAACATCCTTGGGATTACGCTCCCTCAAGGAG 
AA:AVVSLNITSLGLESLKE 

DNA: ATAAGTGATGGAGATGTGATAATTTCAGGAAACAAAAATTTGTGCTATGCA 
AA:ISDGDVIISCNKNLCYA 

DNA: AATACAATALL.rTGGAAAAAACTGTTTGGMArCTCCGGTCAPAAAACCAAA 
AA:NTINCKKLFGTSGOKTK 

DNA: ATTATAAGrhAGAGAG-TGAAAArArCTGCAAGGCCACAGGCCAGGTCTGC 
AA:IISNRGENSCKATGQVC 

DNA: CATGCCTTGTGCTCCCCCGAGGOCTGCTGGGGCCCGGAGCCCAGGaACTQC 
AA: HALCSPECCKGPFPRDC 

DNA: GTCTCTTGCCGGAATGTGAGCCGAGGCAGGGAATGCGTGGACAAGTGCAAC 
AA:VSCRCVSRGRECVDKON 

DNA: CTTCTSGAGGGTGAGCCAAGGCAGTTTGTGGAGAACTCTGAGTGCATACAG 
AA: LLEGEPREFVFNSFCIQ 

DNA: TGCCACCCAGAGTGCCTGCCTCAGGCCATGAAC,ATCACCTGCACAGGACGG 
AA:CH 	PECLPQAMNITCTG 	P. 

DNA: GGACCAGACAACTGIATCCATTGTGCCCACTACATTGACGGCCCCCACTGC 
AA:GPDNCTQCAHYTDCPHC 

DNA: GTCAAGACCTGCCCGGCAGGAGTCATGGGAGAAAACAACACCCTGGTCTGG 
AA:VCTCPAGVNGENNTLVW 

DNA: AAGTACf=rAnACGCCGGCCATGTGTGCCACCTGTGCCATCCAAACTGCACC 
AA: KYADAGHVCHLCHPNCT 

DNA: TAZGGATGCACTGGGCCAGGTCTTGAA=CTGTCCAACGAATGGGCCTAAG 
AA:YGCTCPCLECCPINGPC 

DNA: ATCCCGTCCATCGCCACTGGGATCGTGGGGGCCCTCCTCTTGCTGCTGGTG 
AA:IPSTATCMVGAI,LLLLV 

DNA: OTGGCCCW6GGATCGGCCTCTTCATGTGA 	(SEQ ID NO:10) 
AA:VALGIGIFM 4 	(SEQ ID NO:11) 
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Table 3 
ZXR-014 Nucleotide and amino acid sequences (map of sections) 

GMCSFRss: nt2084-2149 (SEQ ID NO: 50) 

CD19scFv: nt2150-2884(SEQ ID NO: 51) 

Igg4Hinge: nt2885-2920 (SEQ ID NO: 52) 

CD28tm: nt2921-3004 (SEQ ID NO: 53) 

4IBB: nt3005-3130 (SEQ ID NO: 54) 

Zeta: nt3131-3466 (SEQ ID NO: 55) 

T2A: nt3467-3538 (SEQ ID NO; 56) 

EGERt: nt3539-4612 (SEQ ID NO: 57) 

Primers for sequencing: 

Oligo name Sequence Region 

oJ02649 	ATCAAAAGAATAGACCGAGATAGGGT pre-U5(SEQ ID NO:22) 

mI02648 	CCGTACCTTTAAGACCAATGACTTAC delU3(SEQ ID NO:23) 

o102650 	TTGAGAGTTTTCGCCCCG 	mid-Ampr(SEQ ID NO:24) 

oJ0265 1 	AATAGACACiATCGCTGAGATAGCTI post-Ampr(SEQ 1D NO:25) 

0J02652 	CAGGTATCCGGTAAGCGG CoE 1 ori(SEQ ID NO:26) 

o102653 	CGACCAGCAACCATAGTCC SV40(SEQ ID NO:27) 

0J02654 	TAGCGG 	1 I 1GACTCACGG CMV(SEQ ID NO:28) 

oJ02655 	GCAGGGAGCTAGAACGATTC psi(SEQ ID NO:29) 

oJ02656 	ATTGTCTGGTATAGTGCAGCAG RRE(SEQ ID NO:30) 

oJ02657 	TCGCAACGGGTITGCC EFlp(SEQ ID NO:31) 

o302658 	AGGAAGATATCGCCACCTACT CD19Rop(SEQ ID NO:32) 

oJ02601 	CGGGTGAAGTTCAGCAGAAG Zeta(SEQ ID NO:33) 

oJ02735 	ACTGTGTTTGCTGACGCAAC WPRE(SEQ ID NO:34) 

o302715 	ATGCTTCTCCTGGTGACAAG EGTRt(SEQ ID NO:35) 
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Table 4 Uniprot P0861 IgG4-Fe(SE,Q ID NO:13) 

: 	. 	.._:. 
10 	- 	20 	. 	• ' — 30 	- 	40 	: -50 	:I. 	•:. ;60 	-: - 	• 	• 	. • 	- 

ASTKRSVFP LAKS8STSE STAALGC..VK DYFPENTVSWNSDALTSGV HTFPAV108 
. 	:. 	- 	• 	- 	- 	. 

•• 	. • 	*70.: .- 	:-D0 	: 	.' 	90 	: 	- 	100 	- 	110 	120 . 	- 
GLYSLS4VW.VpSS.SLGTKT YTCNOH148S.NTKVDKRVES-KYGPPCPSCP APEFLGGPSV 

'130 	• 140 . 	• 	150 	160 	170 	• 	•• 	180. 

FLFPPKPXOT WISRTP:VT CINVDVSOM PRVOwNNYVD GVHIniNAKTK PRPRQFNSTy .' 

190 	200 	210 	. 220 	230 	:. 240 •  

RVVSVLTVLH QDWLNG143114 CKVSNKGLPS SIEKTISKAK GQPREPOWT . LpPSOHEKTK 

250 	.260 	. 	270 	280 	- :290 	.300 	• 

NQVUTCLVK GinTSD1AVE. W.ESNDQP.ENiK YlamyLns DGSFFLYSAL TVDKSRWQG 	' 

• 
1.10 	320 

NVFSCSVMHE ALHNHYTQKS LSLSLG14 

1-98 	CH1 (SEQ ID NO: 59) 

99-110 	Hinge (SWOT):60) 

111-220 	CH2 (SWEDNO:61) 

221-327 	CH3 (SR:0)1400:62) 

Position 108 S-P (SWIDTbD:63) 
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Table 5 Uniprot P10747 CD28(SEXION014) 

10 	20 	30 	- 	40 	50 	60 

MLRL1LALK1 FPSIQVTGNK ILVIONP141,V: AYWAVKLSo KYSYKLFSRE FRASLHKGLD 

70 	.8.0 	90 	'100 	..' 	110 	120 

ShVEVCVVYG KYSQQLQVYS KTGFNCINKI, pKESVTtYLQ-KLYVNQT0Iy.rWir4yPi,.. 

130 	- 	H7.40 	150 	';'. 	- '.160 	. 	. 	110 	3110 

PyLDKEKSKp #Ii5V.KGX1li CP-SPLFPGPS-KPFWVLVVVG GVLACYSLLV TVAFIIFWVR  

190 	200 	210 	220 

SKIISRLLESD YXFMTPRRPG PTRKHYQPYA PPRDFAAYRS 

1-18 signal peptide (SR:0)140:64) 

19-152 	extracellular domain (RE(P)140:65) 

153-179 	Lransmembrane domain (SWIDTPD:66) 

180-220 	intracellular domain (SW:DM:0:67) 

Position 186-187 	11-6G (SWIDMD:68) 
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Table6 Uniprot Q07011 	4-113B(SWIDTIOA5) 

„ 

10 	- 	-- 	--.-20 -' 	30- 	40 	50 	60 

MGNSCYNIVA TLLLVLNFER TgpLoppcsN CPAGTFCDNN RNQICSPCPP NSFSSAGGQR 

: 	. 
- 10 	.'.. 	.i.0. 	.: 	'-90 	: 	100 	110 	120 

iCDICROCKG.I.T.RTRKEC$S TSNAECDCTP GFHCLGAGCS MCEOCKQGQ ELTKKGClgr -. 	. 	... 	.        

130 	-.149 	150 	160 	.170 	180 . 	• 

CFGTFEDQKR GIcRMITNCS.1..DGKSVp/Cp TWkDVVCGP SPADLSKAS-SVMAPARE. 

190 	' 200 	. 	210. 	:: 	-. 	220 	: 	.. 	230 . 	. 	.... 	240 	-.. 

POiSPQIISF 7.014TSTALL FiLFFLTLFSVVicnRKKi.. 141,IFKOPFER PYOTTQEEDG 

250.  

CSCRFFEEEE GGCEL 

1-23 signal peptide (SWIDTIO:69) 

24-186 extracellular domain (SECODNO:70) 

1e7-213 	transmembrane comain (SEAVDMD:71) 

214-255 	intracellular domain (SMU)T10:72) 
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Table 7 Uniprot P20963 human CD34 iecform 3 (SEQUDNO:16) 

10 	20 	30 	40 50 	60 

MYWKALFTAA ILQAQIPITE AQSfGLLDPy LCYLLUGILF IYGVILTALF 1..RvicFsRsA0 .  

• • 	'0 	• 	• 	... 	80 	.--, 	90 	... 	. 	•.1.00 .. 	. 	110 120 

APAY9opm LYNELNLGRR Wp.VI,DKRI,  GliDETAIWP ORANNNEpb. YNELM104k 

/3.0 	140 	- 	150 	160 .. 

EAYSE1GMKG ERRRGRGHDG LYQGLSTATK DTYDALENQA LPPR 

1-21 signal peptide (SEQ ID NO: 73) 

22-30 	extracellular (SEQIDNO:74) 

31-51 transmembrane (SEQIDNO: 75) 

52-164 	intracellular domain (SEQUDNO:76) 

61-S9 'TANI (SEQ ID NO: 77) 

100-128 	ITAN2 (SEQ ID NO: 78) 

131-159 	ITAM3 (SEQ ID NO: 79) 
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Table 8 Exemplary Hinge region Sequences 

Human I gG1 	EPKSCDKTHTC P PC P (SEQ ID NO:17) 

Human I gG2 	ERKCCVECPPCP (SEQ ID NO:18) 

Human IgG3 	ELKTPLGDTHTCPRCP (EPKSCDTPPPCPRCP ) 3 (SEQ ID NO:19) 

Human IgG4 	ESKYGPPCPSCP (SEQ ID NO:20) 

Modified Human IgG4 ESKYGPPCPPCP (SEQ ID NO: 21) 

Modified Human IgG4 YGPPCPPCP (SEQ ID NO:36) 

Modified Human IgG4 KYGPPCPPCP (SEQ ID NO:37) 

Modified Human IgG4 EVVKYGPPCPPCP (SEQ ID NO:38) 
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Table 10 TainR-tf (I IEA3) nucleic acid (SEQ ID NO: 39) 

HEA3 nuclectide(SEQ ID NO:39) and amino acid sequence (MO ID NO:40) 

EV 	EELS 	111.Q 	1 	EL 	1AAL 	LES 	G1.5 	K 	BA 	1 	TQA• 
ATGGTG TCCMGCT3T CCCAGEPIGCA GAC.AGAACTG CT GGCAGCAC TGCMGMAG COGCCTGAGC MAGAGGCCC IGATTCAGGC 
TAGCAC AGGITCGAM GGGIVGACIG1* C:GTCTTGAC GACCGTMTG ACGACCTETC GCCGGACTC3 TTTCTCCOGG AL-MAGTOOG 

• LOP 	PGP 	Y 	LLA 	GEO 	P 	LDK 	GES 	CGG 	GLEE 	LAI 	LPN 
AC7CGC.CGM CCTGGACCTT ATCTGCTMC TGGCGAPOGC CCTCIGGATA A.C.3C3P3AG CTGIGGC1FGA CGARGAGGAS AGL.-703=A IICTGCCTAAC 
T3A00:3:17 GGACCTOMA TAMCGA33.3 ACCGVITCCG GGAGACCTAT TCCCWICT: GACACCGCC: GefTCT.C.17.0 TCGACCGGCT CGACG3ATTG 

L 	GE 	1 	Sc- 	SED 	EIDD 	DOE 	CET 	P 	111 	KEL 	EEL 	EPEE 
EMC 33., .J.A$L-CG ASheA 	-G CASCGAGGA: GAGACM.A.T.G ACGACGGTGA CZACITCACC CCCCCCATCC TGAAAGASCT GGFAAACCTG AGCC:MAGO 

COGACCCG: TCTOTTLICC IITC''...C1CCTG CECTGTCTGC TGCIGCCGCT CCTGAASIGS GCGGGGTAGG ACITTCTCGA CCTTTTGGAC TCGOGGC:CC 

• AAR 	OKA 	VVET 	1.1.0 	EDP 	WRVA 	ENV 	EST 	LQ•Dli 	N: 	F• 
ANGCLOCLCA CMCAAACCC GTCGTGGASA CACTGC7CCA GMAGATC01 T.I130.Mt7CC CM/OAT:GT MACASCPAC VIGLAZCACte AMACATCC.0 
TTCG3CC-3C-GT GGPCITICOG MGCACCTCT GCGTOGACGT CeTTCTROGG ACC-GC:Mae GOTT MOM STICTCTIAT3 GACGTXTOG TLITOTAGEZ 

- 1/RN 	VVDT 	1GL 	FOS 	IILLQ 	ELN 	h 	GI 	i/(K. 	1 	QER 	AAL 
CCAGGIGGAG GTGGIGGAM CCACCGGCCT GAACCAGAGC CACCTGAGCC AC-CACCTGAA CAAGGLMCC CCCAT.GMAA CCCAGAPCAG AGC.....CCCTG 
113TCGCCCTC CACCACCTGT GGTGGCCG3). CTIGGTCTCG GTGGACTC.3G TC37G3ATT.T GlICC-MTGG GGGTACTPTT OGGTC,TTCTC TC.C.G03GGAC 

ITWY 	VRK 	ORE 	VAQQ 	F 	T 	H 	A30 	GGL: 	SEP 	SCE 	ELPT 
TACACTIGGT ACGTGCGGAA GCAGAGAGAS GTOGI:CCA3:. AG:TTACACA CGCCO3CCA3 GOCGGCLIGA :CMGS-MCC MCCOGOGAC GAGCTDCCCA 
ATCFTGAACCA T3CACGCell CGTC7CTCTC CACCGOGICG :CMATOTGT GC3GCCGGTC COGCCCGAC: AGCTCCTIG3 ATOGCCGCTG cTalle-n.n7 

• KKG 	RAN 	REYWAPA 	SQ0 	- 	!,PQ 	AYE 	RQK 	KPSK 	FRR. 
1•EFIAMPE 	CAOE,40MC CCOTTMACe C.-e-CCTGC Att2CIWCAS Alf:LTG-TM: AGOC:TACGA GO.,0c1,..Aw-  AACOCCAGGA AAGAWMCG 
ourrolecc 07CTGAZIM OCCAAATTCA CGCCOUGACU 1AGAGILGTC TA-W.V.-M:33 WaiGANX". CGCLGTCTTC 7T3133GTCGI TTCTOOTTGG 

-ET1 	VIEC 	NRA 	ECI 	CRGV 	SPS 	QAQ 	GIGS 	ELV 	IEV 
MC3MAC7C GRIONAGAGT GCAACCGG1C COAGTOMTC MAGAS= T.41t0eCCITC TCAGG=AG GOMM:113CA GCAATC1, GGT CACCGAAGTO 
M- CINITGAC MeetTC7CA =1:C.C..eCe3 M-7010.4/.11 GIXTVIODGC ACTIMIGIAG AGTV-GAGTG CLIWA.3=7 LOTTAGACCA GIOGe-TCAC 

AVYN 	WF 	A 	NRR 	KT 	EA 	F 	Ali 	KLS 	AGDE 	IAA 	NEW 	PEEL 
CS3GTVIACA ATTGOTIM: CIACCGOC33 MAGAGGPAS CCTICCLE3TA CAAGCTGTCT GCTGGCGATA EGA3AGCCC4 CIACCT3TOG CCCAGCCCCC 
OCIXACAIGT TAACCAAC-CG OT•GGCCGCC: TTTCICCTTC GMAC-GCCGT GITCOACAGA COACCGMAT ACTC=3C3 GTTOGACACC GGGTOIGOGG 

• MIK 	ESN 	KEEL 	ALS 	LTA 	DONV 	EEL 	LDP. 	EPPI 	LYS• 
73ATGATCAA 003GAOC.AAG AAGAACKATC TOGCCCIGA3 CCIGACGICC MICA3AT33 TGTCCGCTel GCTORACGCC GAGCL`CCCTA TCCTGTACAG 
ACTACIAGIT C3=7CGTIC TTeTTGTC30 ACCGC-GACTC GOACIGGCGO CTAGTCPACC ACAWG.AGA CGACCIG=3 CTC0333GAT AGGP.C.K.V7C 
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TablellTanilt-d(ETA4)nucleicack1(S1K011)1413:42)aminoacidsequence(SEQH)1•113:43) 

LA4 Nncleotide(SZ4) ID NO: and Amino Acid Sequence 
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• E 	TD 	P 	TRP 	FSE 	ASA 	MGLL 	TEL 	ADA. 	ELVA 	MIN 	WAK 
CGAGTACGAC CCC7/CCAGAC CCTTCAGCGA CMCCITOCATG ATOGGCCIGC TGACCAACCT GGCCGACCGG GAGCTGOTGC ACKIGATCAA CIMIC.C.AAG 
GCTCATGCTO f3313T03TCIS GIMAGTCGCT CMCMCGIAC TACCCGGACG ACT/MTV/GA CCGGC/CMCC CTCGACCACG TGTACTAGIT GACCCSITTC 

1 	VPG 	FVD 	LTL 	"'COY 	ALL 	E 	CA 	HIE 	I 	LICI 	GLV 	WRSM 
CGOGTOCOM GCTTCGTMA CCTGACCCTG CAC3ACCAGG TCCACCTGCT GGAATGTGCC TGGCMGARA TCCTGATGAT CGGCCTCGTG TCZPOAAGCA 
GCCCACOMC CGAACICACCT GGAMMAC GIVCIGGICC AGGTGGACGA CCTTACACGG ACCGACCTTT AGGACTACTA GC....3c." ACCTCITCGT 

• BHP 	VICL 	LEAP 	ALL 	LDR 	N0GK 	CV 	E 	GMV 	BIFD 	MLL• 
TGGAACACCC CGTGATOCTO CTGTTCGCCC CCAACC1GCT CCTOGACCOG AA's. 'AG1C-CGIGGA GOCICATGGTG GAGATMCG ACATGCTGCT 
ACCTTGT030 GCACTTCGAC GACAWATAM GGITGGACGA GGACCTGGCC TTMTOCCIT TCACGCACCT CCCGTACCAC CTCTAGANTC TGTACGACGA 

• ATS 	SRFP. 	HMS 	LQG 	IINPV 	CLK 	SI 	I 	LLN9 	GVY 	TEL 
CAICCACCTOC Ascsarra: GGATGATGAA CITWIAMOCI GAGGAATTCG rarGrrroAt GTCCATCATC crcommukc). GOCATailSTA CACA:TTCCTG 
CCGGIVGAGEI 'TCOGCCAACM CCTACTWIT GGPACGTCC/M CTCXTTAAGC AM...ACM CAGGIAGTAG GACGACTIGT 4MCCGCACAT GTMAAMAC 

SS 	I'L 	KSL 	BAK 	611111 	RVL 	DKI 	TDT 	I. 	IIIL 	NAK 	AGLT 
ICA7CCA= MAA=CCT OGAA.A.A.,  GACCACATCC ACCCIGGIGCT 0.1,-AAGAI C AO...Arm-cc yGicyCCACCy GATGGCCMG  ocroaccrah  
AGTKA7PCM ACTTrw"MA CCTTC7CITC CDMISTAL-6 ?G3 CC/H.1A CCM TCTAG TGGCIGTCAM ACTAGGTGGA CMCCGGTTC: CGACTMACT. 

• LGQ 	GHQ 	FLAG 	LLL 	ILS 	EIRE 	KS 	II 	KGM 	ABLY 	5 	ITIC• 
CAC:CCAGCA WAGCACCAG AGACTGO= ACiCTGCTGCT GATCCTGAGC CACA.TOMGC ACAMAGCAA CA.ATIAATG GAACACCMT ACAGCATGAA 
OTGAGGTCGT CGTCGTMTC TCTGACCMG TMA03AMA CTAGGACTCG GIGTAZGODG IGTACTCGTT GTTCCCFIAC CTTGTOGACA TOM.GTACTT 

• CKII 	V 	VPL 	YDL 	L 	LE 	A 	ADA 	ERL 	GAP 	TIRG 	GAS 	YES 
GTGCAAGAK GISMG. CCCC TGTAOMCCT G:TXTOGIG GCTGCOGATG CCCACAGAC•I GCACGCOCCT W.A...." GOGGAGCCAG =MAGMA 
CACOTTCTIG CACCAOMOG ACATWITMA CGACYJAGOI C CGAC YMCA AC GGGIGICTGA COTIA.A.ARA TGTTLGTCTC coccTcaerc eCACCIOCTT 

?DOS 	HLA 	TAG 	9 	TSS 	ESL 	QKY 	II 	TG 	BAB 	GFP 	ATVE 
ACCGACCAGT CTM=ITMC CACCGOCMC AC-CAC/0CA GCCACAGCCT GCAGAAGTAC TACATMCCG GMAGGOCGA OGGOTCCCT GCCACCTIGG 
TGGCTGGTCA GA/MC/ACC° GTGGIGGCCG TMTOTTCOT CCIGTGTOGGA CGTCTTCATG ATGTAGTGGC CGCTCCOGCT CCCIAAGGGA 03411TOW-ACC 

• FQY 	LPD 	TDDR 	ERI 	BAK 	RICE! 	YET 	FK 	9 	IKKK 	SPF• 
AMTCCAGTA CCTGCCCGAC ACCGIACCIACC GGOACZOGAT 03A6GAAAAG 033AMATI.A. CCIACGAGAC ATTCAAGAGC ATCATGAAGA AISTC0XCII 
TCAAMTCAT OCT/ACM/GCVO TGGCTGCTOU CaTTOGCCI A GCTCCTT!TC =TICGCCI GGATGCTCTG TAACTITCTCO TAGTACTTCT TCAGOGSGAA 

• SGP 	TDFR 	PPP 	R 	R 	T 	AVPS 	RSS 	AS 	V 	PICEA 	POP 	YPF 
CAGCCMOCCC ACC3ATOCCA GACCCCCCCC TAGAWAATC GCCGTOCCCA GCAGASC7AG COCCAGCMG CCCMGCMG Cr.-Allr.,,CO CTACCCT:IT 
CTC0C03003 =M00= CCGOOTGOW ATCTTOTTAG COG:ACC/MT CCITOTAGATC GCCCTCGC.AC GCOTTCCGAC COGGCGTCGG GAT/MC/AMC 

TSEL 	STI 	STD 	EPP 	7 	KV:. 	F 	SG 	DISC 	ASA 	LAP 	APPQ 
ACCAGCAGCC TGAGMCCAT CAACIACJAC GAGTTCCCIA CCATOGIGTT C=CAGOX4: CAGA?CTCTC AGGX, CTGC TCTGGCACCT GCTCTACCIC 
TGWC. GTCG3 ACTCSIOC', TA OTTGATGC13 CTCAACMMT GGTACCACM1 GGGGTOGCCG GTCTAGAGAG TCCGGAGACG AGACCGTGGA GGAGGT3GAG 
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• VLP 	GAP 	A 	PAP 	AP 	A 	MVS 	ALAQ 	APA 	PVP 	V:Al 	GPP• 
ALMILLISX Wv&v+,<-: OCIDCAUDDC CALRNAMRS: CATASSPSTCT SCACILIGDLX: PLUCTECKM TXTSTUDC: CS.GCRULDC tawAcerce 
MAMMA) PITTCCWAGA aiMS70340 417,vvvv.,,  07ACCACAGA 0370A-'1'] GG 7CCOAGG707 A7carm,43A cjkwy„ccow W4.,70,0,00  

• OAV 	AP 	f 	A 	PEP 	705 	GEGT 	L S 	I 	ALL 	GLOP 	DDE 	t 	L o 
TCAGGCTGIG GCCCCTECIG CCCCPMACC TACCMGGCC GOMAGGGAR CACIGECEGA GOCCCIGC10 CAGMCGAGS TOAOACGA GGATCSOROA 
AGTCCGACAC GEGGGAGGAC GEGGAT77GG Am......,...., carnal; GRALl' 1' GADS CC=ACGAC GRGAGGIDA AGCTODIGD? crmucco.  

A L L 0 	EST 	D P A 	WI) 	LAS 	VDN 	SEPO 	DLL 	KDG 	I 	P V A 
GCACTGCTWS OCRATAGC= COADOCCOCC 076777ACCG ACCIGGCCPC COSSMACMC PGCSAGISCC APICAOCTCL, CAACLAGGSD MEDCSGTO3 
M7GACGA= COITATCGM GCTVG, vv" CACVARTGOD IGGAC=A3 GCA,L.uk 	DEGETCAM‘l 	 G7TOGTCCM j 	 7=CC.AGGA 	 ?P.M/T.7'M 

• PRT 	TIP 	MLPIR 	51•11 	A 	T7 	RLV7 	GAG 	RP? 	SPA!, 	API. • 
CCDCACACAD DACCGAGCED MTWARA: RATACODMA GGCCATCACC AGACTOGRA CAMCGCCCA GAGCMRDA GARCKMAC excncAer 
0e007'35370 GROOMS* TACON=ACC trivroancr cctionerao 7C7GRD:AIST GROYMMT CTCCOSAGGT C7AGOTEGT1 07COPOGRA 

• GAP 	GAPE 	GI.11. 	SGD 	EDFS 	STA 	010 	PSAR 	LSE 	1SS 
GOGAGELD7.7 ocrxmcrTA A..,...GC:V.47 G7C7OCKGAC GAMP.CTICT CCAWATTOC USACATOGAC Troacc4cc TGC7G70C0A GATCASCAGE 
CCC7C2G3GA CIDGACGGAT IACCCDACCA CAGACCGCIG CRCIGAMA GGICCTAAM CCIGIACMG AMMO= AMAGROGG7 CIMEGGISC 

Table 12 7xHBD/mEFlu nucleic acid sequence (SF,Q ID NO: 41) 

Tagnaataatctacaatagttaataatctacaatagttaataatctacaatagttaataatctacaatagttaataatctacaatagtmataatctacaat 

agttaataatctacaa 

Ta ble 13 Her2t nucleic acid (SEQ ID NO: 44) and amino acid sequence (SEQ ID NO: 45) 

HER2t(CHP) Nucleotide and Amino Acid Sequence 

N 	i. 	L1V 	TSLL 	LCB 	LPS 
ATGCT TOTCCTCGTC ACAMCCTTC TWTCYGMA MTACCACAC 
TA GA AGAMACCAC MITOMMG AMAGACACT CAATOGTOG 

PAIL 	LIP 	CHF 	2:cor 	CSC 	SVTCFGF 	1A3 	GCVACAN 
TCAGCATTCC TCCMATCCC ATGCCACCCT GAGTOCCAGC CCCAGAATGG CTCAGTGACC TGTIITGGAC CGOAGGCTGA CCAGTOTGTG GCCIMGCCT 
GG1CGTAAG3 AMACTAGGG TACGGIGGGA CICACAMCG GGSTCTIACC GAGICACTGOACAAMCCTG GCCTCMACT GOTCACACAC CGGACACGGG 

• YKD 	PPF 	CVAA 	CPS 	GVK 	PDLS 	BHP 	INK 	FPCB 	FGA• 
ACTATAAGGA XCTCCOTTC TGCGTGGCCC GCTGC.C.CCAS Cwrwl.AAA CCTGACTIIT CCTACATGCC CATCTGGAM TTTCCAGATG Prx-laffzrae 
TGATATTCCT GG3AGOGAAG ACGCACCGGG COACGMITC GCCACACTIT GGACTMAGA GMTGTACGG GTAGACCTTC AAAMTCTAC TCCTCOCGCG 

.COP 	CPTN 	CTH 	SCV 	DLDD 	KGC 	PAR 	GRAS 	PIT 	SIT 
MGCCAGCCT TGCMCATCP. ACTGCACCCA CICCTGLITG GACCTGGATO ACAsceKVIG CCCCGCCGAG CAGAGNECCA GCCCICTGAC MCCATCATC 
TACGOTOGGA ACOGOGTAGT TGACMGGGI 	 -rlMoAcTG GAGGACACAC CTGGACCTAC TGTTCCCGAC imam= MSTCTOGGT 	 CAGGTAGTAG 

SAVYGIL 	I.VV 	Vh3V 	VPS 	ILT• 
TCO.,MIGT13(.; ri33DMDC1 GC7GORSAG GTG:Tnou.suv AGGIVITIGC GATCCTCATC TEA 
AGACGCCACC AAMMAAGA CGACCAMAC CAGAACMCC ACCAGMACC CTAGGAGTAG MT 
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Table 4 DHFRdm nucleic acid (SEQ ID NO: 46) and amino acid (SEQ ID NO: 47) 

DIIFFtdm Nucleotide and Amino Acid Sequence 

M V 	G 	SLN• 
ATOOTTOOTTCOCTAAA 
TACCAAC CARnaRATTT 

. CIV 	AVSQ 	AUG 	ICI( 	KGDP 	PWP 	PLR 	NESR 	YPO 	RMT 
CTOCATCGMOCTGTOTCCC AGAACATGOG CATOGGTAAG ARTGGWACT TCCCCTGGCC ACCGCTCAGG AATGAATCCA GATATTTCCA GAGAATGACC 
CACGMACCPC CCACACACCC TCTTGTACCC CTACCCCTTC TTCCCCCTCA ACCGCACCCC TCVMACTCC TTACTTAGGT CTATARACCT CTCTTACMG 

TTSS 	VEGKQM 	LV1M 	GKK 	TWA' 	SlkS 	KHR 	PLK 	GklA 
ACJACCTCM CAGTAGAAGG TAAACAGAAT CMGTGATTA TGGGTN.GM GACCTGGTTC TCCATTCCM AGAAGAATM ACLTITAAAZ OCTIGANITA 
TOTTOGAGAA GTCATCTTCC ATT7GTC^Th GACCACTART ACCCATTCTT CTGGACCAAG N3GTAAGGAC TCTTCTTAGC TMAAATTTC CCATCTTAAT 

• 1VLSRE 	LKEP 	PQGAMP 	LSRS 	1DDALK 	L110 	PEL. 
ATITAGTTCT CAGCAGAGAA C7CAAGGIAC CTCCACSAGG AGCTCATTTT CTTTCCAGAA GTCIAGATGA MCCTTAAAA CTTACTGAAC AACCAJGARTT 
TAAATCAAGA GTCGTCTCIT GAGTTCCTTG GAGCMCMC TCGAGTAAAA CAAAWICTT CAGATCTACT ACTAPATTTT GAATGACTTG TIGGTCTTAA 

.AMK 	VOMVWIVGGS 	SVYK 	SAM 	rnp 	GHLK 	LAY 	TR! 
AMAAATAAA GTAGACATGG TCMGATAGT TGGTGGCAGT TCMITTATAAGGAAGCCAT GAATCACCCA GoccAram AACTATTTCT GACAAGGATC 
TCOTTTATTT CATCTGTACC AGACCTATCA AOCACCGTCA AGACIAATAT TCTTTCGCTA CCTACTUMT CCGOTAGAAT TTGATAAACA CTGTTCCTAG 

MOD? 	RAD 	TiP 	ARID 	LAP' 	YKL 	LARY 	PGV 	LCD 	VORR 
ATOMMEM7:' TMAAMPIVA Cl 	,KW4AAATTO A1111444GAA A?ATAAAIrrP CAKISAGAAT ACCUAGGNP 1T7311:11GAT LETCEAGGALPU 
7ACGTTCTGA ARCTT7CACT GTGCAAAAAA GGTCTTTAAC TAAACTITTT TATATTTGAA CJOLEAC1TA TGGGTCCACA AMGAGAZIA CAMTCCIre 

• K 1 1 	K YK 	WY 	EK): 	D 
AGARAGOCAT TAAGTACAAA 2113AAGTAT ATGAGAAGAA TGAT 
7CTITMCGTA ATTCATGT1T AAACTTCATA TACTET:CTI AC1A 
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WHAT IS CLAIMED IS: 

1. A system for inducible expression of a chimeric antigen receptor comprising: 

a) a first nucleic acid comprising a first promoter inducible by a drug, wherein the 

first nucleic acid is operably linked to a polynucleotide coding for a chimeric antigen 

receptor comprising a ligand binding domain, wherein the ligand binding domain is 

specific for a ligand, wherein the ligand is a tumor specific molecule, viral molecule, 

or any other molecule expressed on a target cell population, wherein the ligand can 

elicit recognition, modulation, inhibition, and/or elimination by a lymphocyte; a 

polynucleotide coding for a polypeptide spacer, wherein the spacer is optimized; a 

polynucleotide coding for a transmembrane domain; and d) a polynucleotide coding 

for an intracellular signaling domain; and 

b) a second nucleic acid comprising a second promoter operably linked to nucleic acid 

coding for a transcriptional activator for the inducible promoter. 

2. The system of claim I, wherein the drug is tamoxifen and/or its metabolites. 

3. The system of claim 2. wherein the first promoter comprises a nucleic acid sequence 

of SEQ ID NO: 41. 

4. The system of any one of claims 1-3, wherein the second promoter is a constitutive 

promoter. 

5. The system of claim 4, wherein the second promoter is the EFI ap. 

6. The system of any one of claims 1-5, wherein the transcriptional activator comprises a 

sequence of SEQ ID NO: 40. 

7. The system of any one of claims 1-6, wherein the first nucleic acid further comprises 

a first vector and the second nucleic acid further comprises a second vector. 

8. The system of claim 7, wherein both vectors are packaged in a viral vector. 

9. The system of claim 8, wherein the viral vector is a lentivirus. 
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10.  The system of any one of claims 1-6, wherein the first and second nucleic acid 

comprise a vector. 

11.  The system of any one of claims 1-10, wherein the first nucleic acid further comprises 

a nucleic acid sequence coding for a selectable marker. 

12.  The system of anyone of claims 1-11, wherein the second nucleic acid further 

comprises a nucleic acid coding for a selectable marker. 

13.  A system for inducible expression of chimeric antigen receptor comprising: 

a) a first nucleic acid comprising a first promoter inducible by a drug, wherein the 

first nucleic acid is operably linked to a polynucleotide coding for a cytokine, a 

chemokine receptor, a polypeptide that regulates apoptosis, or a polypeptide that 

modulates checkpoint signaling; and 

h) a second nucleic acid comprising a second promoter operably linked to nucleic acid 

coding for a transcriptional activator for the inducible promoter. 

14.  The system of any one of claims 1-13, wherein the second nucleic acid further 

comprises a polynucleotide coding for chimeric antigen receptor comprising a ligand 

binding domain, wherein the ligand is a tumor specific molecule, viral molecule, or 

any other molecule expressed on a target cell population, wherein the ligand can elicit 

recognition, modulation, inhibition, and/or elimination by a lymphocyte; a 

polynucleotide coding for a polypeptide spacer, wherein the spacer is optimized; a 

polynucleotide coding for a transmembrane domain; and d) a polynucleotide coding 

for an intracellular signaling domain. 

15.  The system of any one of claims 1-14 wherein the first promoter is in opposite 

orientation to the second promoter. 

16.  The system of any one of claims 1-15, wherein the ligand binding domain is an 

antibody fragment. 
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17. The system of claim 16, wherein the ligand binding domain is single chain variable 

fragment. 

18. The system of any one of claim 1-17, wherein the tumor specific molecule is selected. 

from the group consisting of CD19, CD20, CD22, CD23, CD123, CS-1, ROR1, CE7, 

EGFR, hB7H3, mesothelin. c-Met, PSMA, Her2, GD-2, MAGE A3 TCR and 

combinations thereof 

19. A chimeric receptor polypeptide coded for by the first second and/or second nucleic 

acid of the system of any one of claims 1-18 or 34-38. 

20. A host cell comprising a system of any one of claims 1-18 or 34-38. 

21. The host cell of claim 20, wherein the host cell is a CD8+ T cytotoxic lymphocyte cell 

selected from the group consisting of naïve CD8+ T cells, central memory CD8+ T 

cells, effector memory CD8+ I cells and bulk CD8+ I cells. 

22. The host cell according to claim 21, wherein the host cell is a CD4+ T helper 

lymphocyte cell that is selected from the group consisting of naïve CD4+ T cells, 

central memory CD4+ I cells, effector memory CD4+ I cells, and bulk CD4+ T 

cells. 

23. A composition comprising a host cell of any one of claims 20-22 or 39-40, in a 

pharmaceutically acceptable excipient. 

24. The composition of claim 23 comprising a host cell of claim 21 and a host cell of 

claim 22. 

25. An in vitro method for preparing a host cell of any one of claims 20-22 or 39-40 

comprising: 

a) providing a system of any one of claims 1-18 or 34-38; and 

b) introducing the system into a separate isolated I lymphocyte population 

and expanding each T lymphocyte population in vitro. 

-153- 



26. The method of claim 25, wherein the T lymphocytes are expanded, and wherein the 

method further comprises culturing the cells in the presence of anti-CD3 and/or anti 

CD28, and at least one homeostatic cytokine until the cells expand sufficiently for use 

as a cell infusion. 

27. The method of any one of claims 25 or 26, wherein the lymphocyte is CD8+ or CD4+. 

28. A use of the host cell of any one of claims 20-22 or 39-40 or the composition of 

claims 23-24 or 41 in combination with a drug that induces expression of a transgene 

in the host cell or composition for the treatment of cancer or a viral infection. 

29. The use of claim 28, wherein the cancer is a solid tumor or hematologic malignancy. 

30. The use of claim 29, wherein the solid tumor is selected from the group consisting of 

a breast cancer, brain cancer, lung cancer, colon cancer, renal cancer, pancreatic cancer, 

prostate cancer, and ovarian cancer. 

31. A method of performing cellular immunotherapy in a subject having cancer or a viral 

infection comprising: administering the composition of any one of claims 23 to 24 or a 

host cell of any one of claims 20-22 or 39-40 to the subject and administering a drug that 

induces expression of a transgene in the composition or the host cells. 

32. The method of claim 31, wherein the cancer is selected from a solid tumor or 

hematologic malignancy. 

33. The method of claim 32, wherein the solid tumor is selected from the group 

consisting of a breast cancer, brain cancer, lung cancer, colon cancer, renal cancer, pancreatic 

cancer, prostate cancer, and ovarian cancer. 

34. The system of any one of claims 1-3 or 4-12 wherein the second promoter is an 

inducible promoter. 
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35. The system of any one of claim 1-12 or 34, wherein the spacer is optimized for 

increased T cell proliferation and/or cytokine production in response to the ligand as 

compared to a reference chimeric receptor. 

36. The system of any one of claims 13-18, wherein the second promoter is an inducible 

promoter. 

37. The system of any one of claims 13-18, wherein the second promoter is constitutive 

promoter. 

38. The system of any one of claims 14-18 or 36-37, wherein the spacer is optimized for 

increased T cell proliferation and/or cytokine production in response to the ligand as 

compared to a reference chimeric receptor. 

39. The host cell of claim 20, wherein the host cell is a precursor T cell. 

40. The host cell of claim 39, wherein the precursor T cell is a hematopoietic stern cell. 

41. The composition of claim 23 comprising a host cell of claim 21 or 22 and a host cell 

of claim 39 or 40. 

42. The method of claim 25 or 26, wherein the isolated T lymphocyte population 

comprises precursor T cells. 

43. The method of claim 42, wherein the precursor T cells are hematopoietic stem cells. 

44. The method of claim 31, wherein the administering of the drug is performed with the 

administering the composition or host cells. 
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45. The method of claim 31. wherein the administering of the drug is performed after 

administering of the composition or host cells, wherein administering is performed I day, 2 

days, 3 days, 4 days, 5 days, 6 days, 7 days, 2 weeks, 4 weeks or two months, or any time in 

between any two values of time listed. 
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