DRUG REGULATED TRANSGENE EXPRESSION
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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

[0002] The present application is being filed along with a Sequence Listing in
electronic format. The Sequence Listing is provided as a file entitled SCRI-
53W0O_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

[0003] 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 are
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
costimulatory 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 defining the optimal composition
of intracellular signaling modules to activate T cell effector functions.

[0004] 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
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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 toxicities; however, this approach risks premature attenuation of anti-tumor
activity and significantly impacts curative potential.

[0005] 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 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.

[0006] 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

[0007] 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.

[0008] 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. Other
drugs can be selected based on safety record, favorable pharmacokinetic profile, and excellent
tissue distribution, a low partition coefficient between the extracellular space and cytosol,
and/or low toxicities.

[0009] In some alternatives, the system employs a synthetic transcriptional
regulator, which, in the presence of tamoxifen, binds a synthetic promoter upstream of a
transgene to induce expression. 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) 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-xB
(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) 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 p6S transactivating
domain.

[0010] In the absence of tamoxifen, TamR-tf 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
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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/EF1ap). In the presence of tamoxifen, binding of TamR-( 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 Ilymphocyte; 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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[0013] 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.

[0014] 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.

[0015] 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+ 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.

[0016]  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+ T cell and the CD8+ T cell can be the same or
different.

[0017] 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 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 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 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
spacer is optimized for increased T cell proliferation and/or cytokine production in response
to the ligand as compared to a reference chimeric receptor.

[0018] 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 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 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, 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. In some
alternatives, the second promoter is inducible. In some alternatives, the second promoter is
constitutive.

[0019]  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
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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 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 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.

[0020]  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-1, RORI1, 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 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,
CDI123, CS-1, RORI1, 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.

[0021] 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 polynucleotide coding for a

polypeptide spacer, wherein the spacer is optimized; a polynucleotide coding for a
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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 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 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
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 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 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. 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 precursor T cell. In some alternatives, the precursor T cell is a
hematopoietic stem cell.

[6022] 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 systen. 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 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
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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 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 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 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
climination 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,
CDI123, 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 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 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 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+ 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 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 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 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 or a hematopoietic
stem cell.

[0023] In some alternatives, an in vifro 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
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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 tamor
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
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
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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, RORI, CE7, EGFR, hB7H3,
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.

[0024] 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
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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 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. In some alternatives,
the tumor specific molecule is CD19, CD20, CD22, CD23, CDI123, 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 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 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 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. 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 hematopoietic 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 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
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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 elieit
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 CD19, CD20, CD22, CD23,
CDI123, 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+ T cells, central
18



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
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 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 T 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 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 lymphoeyte
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 or a hematopoietic stem cell.

[0025]  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 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 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
[urther 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,
CDI123, 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 a CD8+ T
cytotoxic lymphocyte cell selected from the group consisting of naive CD8+ T cells, central
memory CD&+ 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 EFlop. 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
22



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 aliernatives, the host cell is a CD8+ T cylotoxic 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. 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 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 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 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 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 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 T 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



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

[0026] Figure 1A 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 (4OHT). The results
show the expression of EGFRt in the presence or absence of 4-OHT 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 EFlop linked to TamR-tf (HEA3) linked to EGFRt, and construct B
comprising a synthetic promoter 7xHBD/mE1b linked to a polynucleotide coding for
ZsGreen.

[0027] Figure 2 shows the expression of ZsGreen in transduced Jurkat cells
contacted with different doses of 4-OHT ranging from 50 to 1000nM.

[0028] 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-OHT followed by a washout (©)
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 (m).

[0029] 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, 4OHT alone (Figure 4A), 4OHT combined with CD3/CD28 bead co-
treatment (Figure 4B) or 4OHT 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/mE1b linked to a
polynucleotide coding for ZsGreen.

[0030] Figures 5A-C shows the expression of ZsGreen 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, 4OHT alone (Figures 5A), 4OHT combined with
CD3/CD28 bead co-treatment (Figures 5B) or 4OHT alone for 48 hours, followed by
addition of CD3/CD28 beads (Figures 5C). Expression of ZsGreen was monitored over 72

hours.
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[0031] 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 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 CD19 CAR CD3 zeta chain was only detected in transduced
Jurkat cells exposed to 4-OHT. Figure 6C 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
CDI19CAR linked to a polynucleotide coding for Her2t.

[6032] Figure 7A shows expression of EGFRt and Her2t in Human Jurkat T cells
transduced with TamR CD19CAR LV including an additional selective marker, DHFRdm in
the presence or absence of 40HT. 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 7B shows a western blot of parental Jurkat cells
and transduced CD19CAR 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 CD19 CAR CD3 zeta chain was only detected in transduced Jurkat cells exposed to
4-OHT. Figure 7C 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/mE1b linked to a polynucleotide coding for CD19CAR linked to a polynucleotide
coding for Her2t linked to a polynucleotide coding for DHFRdm.

[0033]  Figure 8A shows expression of EGFRt and Her2t in Human CD4 central
memory T cells transduced with TamR CD19CAR LV including an additional selective
marker, DHFRdm in the presence or absence of 4OHT and antiCD3/CD28 beads. Expression
of EGFRt and Her2t 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 8B shows construct A, which comprises the
constitutive promoter EFlop linked to TamR-tf(HEA3) linked to EGFRt, and construct B

comprising a synthetic promoter 7xHBD/mE1b linked to a polynucleotide coding for
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CDI19CAR linked to a polynucleotide coding for Her2t linked to a polynucleotide coding for
DHFRdm.
DETAILED DESCRIPTION

Definitions.

[0034] 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.

[0035] “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.

[0036] Antigen" or "Ag" as used herein refers to a molecule that provokes an
immune response. This 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.

[0037]  "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.

[0038] “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 I 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, 0X40,
CD30, CD40, , ICOS, lymphocyte function-associated antigen-1 (LFA-1), 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 cDNA, 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.

[0039] “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.

[0040] “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.

[0041]  “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 chemoselectivity. 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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[0042] “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 &
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, 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 D1, p21, p27 and/or cde25A. In some alternatives, the transcription
factors are c-Mye.

[0043] “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 Ty cells) that are antigen-experienced.

"Central memory" T cell (or "Tem") as used herein refers to an antigen experienced
CTL that expresses CD62L, CCR-7 and/or CD45R0O 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 naive cells. "Effector memory" T cell (or "Tgm") 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 naive cells or

central memory cells, and may have variable expression of CD28 and/or CD45RA.
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[0044] “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.

[0045] “Effector “ “Tg” 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 naive 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.

[0046] “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.

[0047] “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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0048] “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,
extracellular 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 contignous
and, where necessary 1o join two protein coding regions, in the same reading frame.

[0049] "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 (T) =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 are determined by computer sofiware.

[0050] "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 &
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 1 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
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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.

[06052] “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.

[06053] "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 allogeneic (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).

[0054] “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
genomes.

[0055] “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 1o 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.

[0056] 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
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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.

[0057] 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, Bel2, CA-Akt,
dn-TGFbetaRIll, dn-SHP1/2, and/or PD-1CD28 chimeras. IL-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 disease, IL-15
similarly suppresses apoptosis in T-lymphocytes by inducing Bel-2 and/or BCL-xL. Bel-2 (B-
cell lymphoma 2), encoded in humans by the BCL2 gene, is the founding member of the Bcl-
2 family of regulator proteins that regulate cell death (apoptosis), by either inducing (pro-
apoptotic) it or inhibiting it (anti-apoptotic). Bel-2 is specifically considered as an important
anti-apoptotic protein and is, thus classified as an oncogene. Protein kinase B (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 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 regulates apoptosis or modulates checkpoint signaling comprises 1L-2, [L-15, Chemokine
receptors, Bel2, CA-Akt, dn-TGFbetaRIIl, dn-SHP1/2 or PD-1CD28 chimeras.

[0058] “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” are 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 G1
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.

[0059] “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.

[6060]  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 pS7Kip2 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 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 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.

[0061] “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.
Hematopoietic 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 (CD4"CD8"), and finally mature to single-positive
(CD4CD$” 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 (DN) stage of the precursor T cell is focused on
producing a functional B-chain whereas the double positive (DP) stage is focused on
producing a functional a-chain, ultimately producing a functional af T cell receptor. As the
developing thymocyte progresses through the four DN stages (DN, DN2, DN3, and DN4),
the T cell expresses an invariant a-chain but rearranges the f-chain locus. If the rearranged B-
chain successfully pairs with the invariant o-chain, signals are produced which cease
rearrangement of the B-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 P-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, monocytes,
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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). HSCs
have a heterogeneous population in which three classes of slem cells exist, which are
distinguished by their ratio of lymphoid to myeloid progeny in the blood (L/M).

[06065] 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.

[0066] In some alternatives, a transgene 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 transgenes 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 survival and proliferation, genes that prevent apoptosis, and genes that
that regulate checkpoint signaling. Such genes include genes encoding IL-2, IL-15,
Chemokine receptors, Bel2, CA-Akt, dn-TGFbetaRIll, dn-SHP1/2, and/or PD-1CD28
chimeras. In some alternatives, the transgenes are genes encoding IL-2, IL-15, Chemokine
receptors, Bel2, CA-Akt, dn-TGFbetaRIl, 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.

[0069] The disclosure provides a system useful for providing regulated expression
of transgenes in cells. Such transgenes include, without limitation, T cell receptors, affinity
matured T cell receptors, chimeric antigen receptors, chemokine 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.

[0070] 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.

[0071] 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 allernatives, 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.

[6072] 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-15, Chemokine receptors, Bel2, CA-Akt, dn-TGFbetaRIIl, 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.

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.

[6074]  In some alternatives, a first promoter is inducible by a drug. The drug is
selected based on safety record, favorable pharmacokinetic 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.

[6075] 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.

[0076] Tamoxifen, CAS RN: 10540-29-1, is also known as 2-(4-((1Z)-1,2-
diphenyl-1-butenyl)phenoxy)-N.N-dimethyl- ethanamine, or (Z)-2-(para-(1,2-Diphenyl-1-
butenyl)phenoxy)-N,N-dimethylamine (IUPAC), and has a molecular formula of C,6H2gNO,
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 54965-24-1, 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.

[6077] Metabolites of tamoxifen in rat, mouse and human breast cancer patients,
including major metabolites N-desmethyltamoxifen (RN 31750-48-8, M.W. 357.494) and 4-
hydroxytamoxifen (4-OHT) (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-
(dimethylamino)ethoxy)phenyl)-1-phenylbut-1-en-2-yl)phenol). See Crewe et al., 2002,
Metabolism of Tamoxifen by recombinant human cytochrome P-450 enzymes: Formation of
the 4-hydroxy, 4’-hydroxy and N-desmethyl metabolites and isomerization of trans-4-
hydroxytamoxifen, Drug Metab Dispos, 30(8): 869-874, FIG. 1, which is incorporated herein
by reference.

[0078] Compounds with structural similarity to tamoxifen include, but are not

limited to, cis-tamoxifen (RN 13002-65-8, M.W. 371.521), 4-methyltamoxifen (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-dimethyl-2-(4-(1-(2-methylphenyl)-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.

[6079] 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-
24-1, M.W. 563.64), 2-(p-(1.2-diphenyl-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-methoxyphenyl)-1-butenyl)phenoxy)triethylamine citrate (RN 42920-39-8,
MW. 651.748), 2-(4-(1,2-diphenylethenyl)phenoxy)-N,N-diethyl-ethanamine 2-hydroxy-
1.2.3-propanetricarboxylate (RN 40297-42-5, M.W. 563.643).  2-(p-(alpha-
phenylstyryl)phenoxy)triethylamine citrate (RN 102433-95-4, M.W. 563.64), 2-(p-(2-(p-
methoxyphenyl)-1-phenyl-1-butenyl)phenoxy)triethylamine citrate (1:1) (RN 42824-34-0,
MW. 637.72), 2-(p-(1-(p-methoxyphenyl)-2-phenylpropenyl)phenoxy)triethylamine citrate
(RN 13554-24-0, MW. 607.696), 2-(p-(alpha-(p-
methoxyphenyl)styryl)phenoxy)triethylamine citrate monohydrate (RN 13542-71-7, M.W.
593.669), 2-(p-(p-methoxy-alpha-phenylphenethyl) phenoxy)triethylamine citrate (RN 16421-
72-0, M.W. 595.685), alpha-(p-(2-(diethylamino)ethoxy)phenyl)-beta-ethyl-p-methoxy-alpha-
phenylphenethyl alcohol citrate (1:1) ( RN 35263-93-5, M.W. 639.737), 1-(p-(2-
(diethylamino)ethoxy)phenyl)-2-(p-methoxyphenyl)-1-phenylethanol citrate (M.W. 611.68),
alpha-p-(2-(diethylamino)ethoxy)phenyl)-beta-ethyl-alpha-(p-hydroxyphenyl)-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.

[0081] 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.

[0083] 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 7xHBD/mE1b
promoter. An exemplary sequence for the promoter is found in Table 12 (SEQ ID NO: 41)
For example, in the 7xIH{IBD/mE1b 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 ( 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-lo)(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
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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 (p6S or TAD) is found at amino acids 596 to 862.

[0085] 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 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 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 allernatives, 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 Iymphocyte; 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 thercof. In 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 TamR-tf ( HEA3).
In some alternatives, the drug is tamoxifen.

[0086]  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-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.

[0087] In the absence of tamoxifen, TamR-tf 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 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 its restricted
synthetic promoter. In the presence of tamoxifen, binding of TamR-tf to 7xHBD/EFlap
promoter induces the “ON” state of (ransgene 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.

[0088] In some alternatives, the inducible promoter functions in a lentiviral
construct and/or in lymphocytes.

Chimeric Antigen Receptors.

[0089] 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.

[0090] 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.

[6091] 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, ephrinB2, CD19, CD20, CD22, CD23, CD123, CS-
1, CE7, hB7H3, RORI, 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.

[0092]  In one alternative, the target molecule on the tumor comprises one or more
epitopes 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/NewErbB2. 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.

[0093]  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 are
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.

[0094] Antibodies or antigen binding fragments include all or a portion of
polyclonal antibodies, a monoclonal antibody, a human antibody, & 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"),, 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'),, 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.

[0095] 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 be 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, 1uM, 100uM, 200uM, 300uM,
400uM, 500uM, 600uM, 700 uM, 800uM, 900uM or ImM 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 binds 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.

[6096] In some alternatives, target molecules are CD19, CD20, CD22, CD23,
CE7, hB7H3, EGFR, CD123, CS-1, RORI1, mesothelin, Her2, 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.

[0097]  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 CDRLI 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 CDRH! 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.

[0098] In some alternatives, CDR regions are found 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 CDRH]1 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.

[0099] 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 CDRH1 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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[61060] “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 but 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.

[0101]  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 imniune system. Due to the
development of hybridoma technology, a large number of xenogeneic 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
strategies are desirable in some alternatives to circumvent these situations. Techniques for
antibody humanization are known to those skilled in the art.

[0102]  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.

[6103] In some alternatives, the polynucleotide coding for a ligand binding
domain is operably linked to a signal 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.

[6104] In some alternatives, the polynucleotide coding for & 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.

[6105] A specific alternative of a polynucleotide coding for a ligand binding
domain is shown in Table 1 as the scFv from an antibody that specifically binds CD19, such
as FMC63. A polynucleotide cncoding 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).

Spacer,

[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 CD19-specific chimeric
receptor with a short spacer region comprised of the modified 1gG4 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.

[6107]  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 some 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.

[0108] 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 IgG1, 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.

[0109] 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. In 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.

[0110] 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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[o111] 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 IgG4 hinge
region sequence and a CH3 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.

[6112] 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
transmembrane 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.

[0113] In an alternative, the spacer region is a hinge region sequence from IgGI,
1gG2, 1gG3, or 1gG4 or a portion thereof, a hinge region sequence from IgG1, 1gG2, 1gG3, or
IgG4 in combination with all or a portion of a CH2 region or variant thereof, a hinge region
sequence from IgGl, IgG2, 1gG3, or I[gG4 in combination with all or a portion of a CH3
region or variant thereof, and a hinge region sequence from IgGl, IgG2, 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 CH3 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.

[0114] 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 transmembrane
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.

[0116] The transmembrane domain can be 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.

[0117] 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, CD80, CD86, CD134, CDI137 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 1 (SEQ ID NO: 5).

[0118] 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.

[0119] 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
transmembrane domain. In some alternatives, the polynucleotide coding for a transmembrane
domain is codon optimized [or expression in mammalian cells. In some alternatives, the

mammalian cells are human cells.

Intracellular signaling domain,

[0120] 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.

[0121] 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 an 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 ITAM regions as shown in Table 7.
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[0122] 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.

[0123] 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, 4-1BB (CD 137), OX40, CD30, CD40, lymphocyte function-associated
antigen-1 (LFA-l), 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 S or to 4-1BB
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.

[0124] 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 10 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 4-1BB 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 4-1BB 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 4-1BB intracellular signaling domain is provided in Table 2. A
representative nucleic acid sequence is provided in Table 1 (SEQ ID NO: 6; SEQ ID NO: 7).

In some alternatives, the nucleic acid sequence comprises the sequence set forth in SEQ ID
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NO: 6. In some alternatives, the nucleic acid sequence comprises the sequence set forth in
SEQID NO: 7.

[0125]  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.

[0126] 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.

[0127] 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. In some alternatives, the linker sequence is a cleavable
linker sequence. In some alternatives, the linker is a cleavable T2A linker.

[0128] 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.

[0129] 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 are known in the art, and include, inter alia, hygromycin-

B 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 G418, 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 first 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.

[0131] 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:8).

[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 be 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.

[0134] In some alternatives, the first nucleic acid comprises a polynucleotide
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 I1L.-2, IL~15, Chemokine receptors,
Bel2, CA-Akt, dn-TGFbetaRIll, dn-SHP1/2, and/or PD-1CD28 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, Bel2, CA-Akt, dn-
TGFbetaRIIL, 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.

[0135] 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 chemokines
are homeostatic or inflammatory. Chemokine receptors include CCR2, CCR7, or CCRIS.
Cytokines include interleukins such as IL2, IL-12, IL-7, and/or 1I-15, interferons, such as
interferon 3, tumor necrosis factor, and a TLR4 agonist. In some altematives, the chemokine
receptors comprise CCR2, CCR7, and/or CCRI15. In some alternatives, the chemokine
receptors include CCR2, CCR7, or CCR15. In some alternatives, the cytokines include
interleukins, wherein the interleukins are IL2, IL-12, IL-7 and/or I1-15 or interferons, wherein
the interferons comprise interferon 8, tumor necrosis factor, or a TLR4 agonist.

[0136] 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, Bcl2, and/or CA-Akt. In some
alternatives, the polypeptide is Bel2 or CA-Akt.

[0137] 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-TGFbetaRIIl, dn-SHP1/2, and/or PD-1CD28 chimeras. In
some alternatives, the polypeptide is dn-TGFbetaRIIl, dn-SHP1/2, 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.

[0138)] Exemplary sequences for polynucleotides encoding these genes are found

at:

Gene AA. A.A. N.A. N.A.
Accession gl Accession gl

CCR2 P41597 1168965 NM_001123041 183979979
CCR7 P32248 1352335 NM_001838 299473754
IL-2 AAHT70338 | 47682793 | BC070338 47682792
IL-12 AADI16432 | 4323579 | AF101062 4323578
-7 AAC63047 | 386824 NM_000880 315467865
IL-15 CAG46804 49456967 | CR542007 49456966
TFN-g EAW97180 119617586 | EAW97180 119617586
TNF NP_000585 25952111 | NM_000594 395132451
Bel2 AAH27258 20072668 | BC027258 20072667
CA-Akt | NP_001014432 62241015 | NM_001014432 62241014

TGFbeta

Receptor II Q03167 311033535 | NM_003243 307574689
SHP1 NP_002822 18104989 | NM_002831 166064064
SHP2 Q06124 84028248 | NM_002834 33356176
PD-1 NP_001129245 209413749 | NM_001135773 209413748
CD28 AAAS51945 180092 NM_006139 340545506

[0139] 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 cytokine, 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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be 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,

[0140] 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 compriscs 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.

[0142] In a specific alternative, the constitutive promoter comprises EFla
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.

[0143] 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).

[0144] 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. In some alternatives, the transcriptional activator
is TamR-tf(HEA3). 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.

[0145] 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-kB (p65 or TAD) is found at amino acids 596 to 862.

[0146] 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 polypeptides are described
herein, and include EGFRt, Her2t, and/or DHFRdm.

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 transmembrane domain; and d) a polynucleotide coding for an intracellular signaling
domain. In some alternatives, the spacer is optimized to provide for increased T 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.

[0149] A variety of vector combinations can be constructed to provide for
cfficicncy of transduction and transgenc expression. In some alternatives, the veetor 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 Tn5, which codes for resistance to the
antibiotic G418, 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/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 transposase, 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 be 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.

[0153]  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 & 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.

[0154] 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.

[0155] In some alternatives, the vector is a minicircle. Minicircles 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 sell-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.

[0156] In some alternatives, the vector is a piggy bac transposon. The PiggyBac
(PB) transposon is a mobile genetic element 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 TTAA 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.

[0157] In some alternatives, a PB 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
PB transposons can be employed. In some alternatives, a PB comprises an inducible promoter
linked to a polynucleotide coding for a first 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 are in opposite orientation.

[0161] One or more of these vectors can be used in conjunction with one another

to transduce target cells and provide for inducible expression of a chimeric antigen receptor.

Host Cells and Compositions: T lymphecyte 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] T 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 PBMC 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.

[6165] The T lymphocytes expanded include CD8" cytotoxic T lymphocytes
(CTL) and CD4" helper T Iymphocytes 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.

[0166] In some alternatives, the expansion method can further comprise adding
non-dividing EBV-transformed lymphoblastoid cells (LCL) as feeder cells. LCL 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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[0167] 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 IL.-2
and/or IL-15 to the culture medium (e.g.. wherein the concentration of IL-2 is at least 10
units/ml).

[0168]  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.

[6169]  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 CD621.- subsets
of CD8+ peripheral blood lymphocytes. PBMC are sorted into CD62L-CD§+ and
CD62L+CD8+ fractions after staining with anti-CD8 and anti-CD62L antibodies. In some
alternatives, the cxpression of phenotypic markers of central memory Tey 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 CD45RO+, CD62L+, and/or CD8+ T cells. In some
alternatives, effector T 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.

[6170] 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
CD45RO-, CD45RA+, CD62L+, and/or CD4+ T cells. In some alternatives, central memory
CD4+ cells are CD62L+ and/or CD45RO+. In some alternatives, effector CD4+ cells are
CD62L- and/or CD45RO-.

[6171] 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 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, a cell population positive
for one or markers refers 10 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.

[0172] 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 &
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 1 logl0 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
lo 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 naive 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. Naive T cells can also be 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 Ivmphocyte populatiens.

[0174] In some alternatives it can be desired to introduce functional genes into the
T 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.

[0175] 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 1o 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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[0177] 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 naive, central memory, effector memory or effector cells prior to transduction, as
described herein. In some alternatives, each of the CD4 or CD8 T Iymphocytes can be sorted
into naive, central memory, effector memory, or effector cells after transduction.

[0179] As described herein, in some alternatives, naive 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.

[0180] 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 (Tg) 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 CD8+, CD62L+, CD45RO+, CCR7+,
CD28+ CDI127+, and/or CD45RO+. Each of these populations can be independently
modified with a chimeric receptor.

[0181] 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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adenoviruses, 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.

[0182] 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.

[0183] It is contemplated that overexpression 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 climinated 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-1 TK) gene, which confers ganciclovir sensitivity; the cellular hypoxanthine
phosphribosyltransferase (HPRT) gene, the cellular adenine phosphoribosyltransferase
(APRT) gene, and bacterial cytosine deaminase.

[0184] 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 (hiph), 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 deaminase gene
(ADA), and/or the multi-drug resistance (MDR) gene.
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[0185] 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.

[0186] 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.

[0187] In some alternatives, these cells are then further sorted into subpopulations
of naive, 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 comparcd to sham transduced cclls 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 JL-2 and/or TNFu are selected. Likewise, CD8+
cells that have enhanced IFNy production are selected, as compared to sham transduced
CD8+ cells.

[0188] 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.

[6189]  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.

[0190] The disclosure contemplates that combinations of CD4+ and CD8+ 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.

[0191] 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 10°
cells/kg 1o 10° cells/kg In some alternatives, the transduced cells are cultured in the presence
of antigen bearing cells, anti CD3, anti CD28, and 1L 2, [L-7, IL 15, or IL-21 or combinations
thereof.

[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.

[0193] 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.

[0194] 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 transmembrane domain, and

an intracellular signaling domain of a T cell receptor or other receptors under the control of a
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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.

[0195] In some alternatives, the CD4+ T helper lymphocyte cell is naive CD4+ T
cells, central memory CD4+ T cells, effector memory CD4+ T cells, or bulk CD4+ T cells. In
some alternatives, CD4+ helper Jymphocyte cell is a naive CD4+ T cell. wherein the naive
CDA4+ T cell comprises a CD45RO-, CD45RA+, and/or is a CD62L+ CD4+ T cell.

[0196] In some alternatives, the CD8+ T cytotoxic lymphocyte cell is a naive
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 naive or central memory CD4+ T cell.

[0197] In some alternatives, the compositions comprise T cell precursors. In some
alternatives, the compositions comprise 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 naive CD8+ T cells, central memory CD8+ T cells,
elfector 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 some alternatives, the precursor T cell is a
hematopoietic stem cell.

Methods.
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[0198] 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 naive or central memory
CDA4+ T helper cell, wherein the modified helper T lymphocyte cell preparation comprises
CD4+ T cells that have a chimeric receptor comprising & ligand binding domain specific for &
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.

[0199] 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.

[0200] The drug inducible promoter in both modified CD4+ T cells and modified
CD8+ cytotoxic T cells can be the same or different. In some alternatives, in one population
of cells the promoter Jinked to the chimeric antigen reccptor 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 T 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.

[0201] 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.

[0202] 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 T 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.

[6203] 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 moditied 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, CD435RO, 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-1, CTLA-4 CD45RO, and/or CD45RA.

[0204]  In some alternatives, the chimeric receptor modified T cells as described
herein are 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.

[6205] The disclosure also provides methods of performing cellular

immunotherapy 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.

[0206] 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.

[0207] In some alternatives, the drug is administered with the coniposition, 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.

[0208] 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.

[6209] 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 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, 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 1 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.

[0210]  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 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 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 tumor
specific molecule is a tumor surface molecule.

[0211]  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
clicits 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,
chemokine 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, LAG-3 and/or TIM3.
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[0212] 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
transduced cells.

[0213] 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.

[0214] 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.

[0215] 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 RORI1, Her2, EGFR, CE7, hB7H3, CD19,
CD20, CD22, mesothelin, CEA, or a hepatitis B surface antigen.

[0216] Subjects that can be addressed using the methods described herein include
subjects identified or selected as having cancer, including but not limited to colon, 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.

[0218] 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.

[0219] 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 107 cells, and up to 10°, up to and including 10° or 10° cells and can be more than
10'° 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 mls or
less or a volume in between any two listed volume values. Hence the density of the desired
cells is typically greater than 10% cells/m1 and generally is greater than 107 cells/ml, generally
10® cells/ml or greater. The clinically relevant number of immune cells can be apportioned
into multiple infusions that cumulatively equal or exceed 10°, 107, 108, 10, 10°, 10" or 10"
cells or any amount of cells defined between any two endpoints of any of the listed values.

[0220] 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 infusion in a range of from 2 cells, up to at least 10° to
3x10' cells, preferably in the range of at least 107 to 10° 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.

[0221]  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, myeloma,
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.

[0222] 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 be avoided entirely.

[6223] 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 cxpression of the chimeric antigen
receptor on in the event of a relapse or increase in tumor growth.

10224] 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 packaged lentivirus.

[0225]  An inducible lentiviral vector encoding 7xHBD/mE1b-CDI9t-
her2t-T2A-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
8 — P substitution within the Hinge domain Jocated 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 186-187 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 isoform 3 of human CD3{ (Uniprot Database: P20963, (SEQ ID NO:
16)).

[0226] 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).

[0227] A conditional lentiviral vector encoding 7xHBD/mEF!ap-ZsGreen-
epHIV7 was constructed. The synthetic promoter 7xHBD/mEFlap was constructed by
combining seven minimal hepatocyte nuclear family-1 (HNF-1) binding sites cloned from the
human albumin promoter and the huEF1a promoter TATA box and has a sequence of (SEQ
ID NO: 41). In this way, only in the presence of tamoxifen does binding of HEA-3 to
7xHBD/EF 1mp promoter induce the “ON” state of transgene expression.

[0228] A conditional lentiviral vector encoding 7xHBD/mEF1ap-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); 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 LI — 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 isoform 3 of human CD3( (Uniprot Database: P20963, (SEQ ID NO:
16)).

[0229] The nucleic acid sequences coding for the CDI9t were linked with
sequences coding for the self-cleaving T2A sequence (SEQ ID NO: 8); and DHFRdm (SEQ
ID NO: 46)

[6230] 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-xp (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 outcompete HSP90 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 responsiveness to HEA-3 in
the presence of tamoxifen is achieved when transgenes are placed behind an HEA-3
responsive synthetic promoter (7xHBD/EF 1mp).

[0231] A constitutive construct was constructed with a constitutive promoter EF-1
o linked to a polynucleotide coding for a transcriptional activator HEA3 (SEQ ID NO: 39)
and a marker sequence EGFRt (SEQ ID NO: 9).

[0232] Human codon-optimized nucleotide sequences encoding each transgene
were synthesized (LifeTechnologies, Carlsbad, CA) and cloned into the epHIV7 lentiviral
vector using Nhel and Notl restriction sites. The epHIV7 lentiviral vector had been derived
from the pHIV7 vector by replacing the cytomegalovirus promoter of pHIV7 with an EF-1
promoter.

[0233] 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 pCHGP-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.

[0234] Jurkat cells were transduced with lentiviral supernatant (MOl = 3)
supplemented with 1 pg/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 (CTL medium), supplemented with

recombinant human (rh) IL-2 to a final concentration of 50 U/mL every 48 hours.

Additional Alternatives.

[0235] 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 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 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 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
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selectable marker. In some alternatives, the second nucleic acid further comprises a nucleic
acid coding for a selectable marker.

[0236]  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.

[6237] In another aspect, the present disclosure provides compositions to confer
and/or augment immune responses mediated by celluler 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.

[0238]  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.

[0240] 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 allogeneic 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.

[0241] 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 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
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.

[0242]  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
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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 receplor; 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-1, 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.

[0243]  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 EFlap. 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
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, 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
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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, 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.

[0244] 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 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
89



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 receplor, 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 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
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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 cylokine
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 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 or
combinations thereof. 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 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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[0245]  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 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
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, 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 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 comnsisting of CD19, CD20, CD22, CD23, CD123, CS-1, RORI1, 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
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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 aliernatives, 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. 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+ 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 ora 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 some alternatives, the
precursor T cell is 2 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 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
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 first nucleic acid is operably linked to a polynucleotide
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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 &
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 comsisting 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, 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
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 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 naive CD4+ T
cells, central memory CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+ T 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.

[0247] 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 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 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 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 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
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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
thereol. In some alternatives, the spacer is optimized [or 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 naive CD&+ 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 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 1o 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 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, 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 precursor T cell

is a hematopoietic stem cell. In some 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 naive CD8+ T cells, central memory CD8+ T cells, eflector
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 wherein the host cell is a CD8+ T
cytotoxic fymphocyte 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 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 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 sclected from the
group consisting of naive CD4+ T cells, central memory CD4+ T cells, effector memory
CDA4+ 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.

[0248) 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 transgenc 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 1o 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
climination 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
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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: 4]. 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
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 andfor 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 receplor, a polypeptide that regulates apoptosis, or a
polypeptide that modulates checkpoint signaling; and b) a second nucleic acid comprising 2
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
oplimized; 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, RORI, CE7, EGFR,
hB7H3, mesothelin, ¢-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 naive
CD8+ T cells, central memory CD8+ T cells, effector memory CD8+ T cells and bulk CD$§+
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
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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 10 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
climination 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 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
allernatives, 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 sclectable 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
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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
promoler 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
receplor 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 2
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 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 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 naive 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 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 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 cyiotoxic 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 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 some alternatives, the precursor T cell is a

hematopoietic stem cell.

More Alternatives.
16249] 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 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 ¢) 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(iil) 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-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 fransactivation 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 HNF1-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 EFla 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.

[0250) 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 1o 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, hB7H3, mesothelin, c-Met., PSMA, Her2, GD-2, MAGE A3 TCR and
combinations thereof.

[0251] 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 lo 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 metabolile thereof: (ii) a
molecule that specifically binds to a human receptor, opticnally 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 (¢) 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
prolein 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
domain present in a hepatocyte nuclear factor, which is optionally HNF1-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 EFla 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
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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 comprisesa 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 1o a reference chimeric receptor, ¢) 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, hB7H3,
mesothelin, c-Met, PSMA, Her2, GD-2, and MAGE A3 TCR and combinations thereof.
[0252] 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 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,
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 polynucieotide 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) &
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 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 HNF1-alpha or HNF1-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 EFla 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 polynuclectide 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
climination 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 1o 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 CDI19,
CD20, CD22, CD23, CD123, CS-1, ROR1, CE7, EGFR, hB7H3, mesothelin, c-Met, PSMA,
Her2, GD-2, and MAGE A3 TCR and combinations thereof.

[0253] In some alternatives, a host cell is provided, wherein the host cell is a
primary human Iymphocyte, 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 iranscriptional 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 the drug or metabolite thereof to the domain in (it). 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 alteratives, 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 naive 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
Iymphocyte 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.

[0254] 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 1) the DNA binding domain, wherein the DNA binding domain does not
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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 aflinity 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 lymphocyle
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 cell. 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 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 cell and a CD4+ T helper lvmphocyte 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.

[0255] 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
lymphocyie 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 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 naive 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 naive 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
10 a polynucleotide coding for a transcriptional activator, which is capable of activaling
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 ¢) 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 receplor, 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 hepatocyle nuclear
factor, which is optionally HNF1-alpha or HNF1-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 EFlo 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 2 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 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 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 opposile 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, ¢-Met, PSMA, Her2, 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.

[0256] In 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 {irst 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, wherein the
second promoter is optionally constitutive. In some alternatives, the host cell is a CD&+ 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 cell. 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 aliernatives, 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 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 naive CD8+ T cells, central memory CD8+ T cells, effecior 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 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 CD8+ T cytotoxic lymphocyte cell selected from the group
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consisting of naive CD8+ T cells, central memory CD8+ T celis, 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+ T cells, effector memory
CD4+ T cells, and bulk CD4+ T cells.

[6257] 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 binds 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,

[6258] 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 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 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
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optionally constitutive. In some alternatives, the host cell is a CD&8+ 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 cell. 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 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 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 naive
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 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 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 CD$+
T cell and a CD4+ T helper lvmphocyte 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, Jung cancer, colon cancer, renal cancer, pancreatic cancer, prostate cancer, and
ovarian cancer.

[0259]  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
atiributes 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, ¢.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 sysiem 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.

[0260] 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 safety record, favorable pharmacokinetic profile, excellent tissue distribution, a low
partition coefficient between the extracellular space and cytosol, and/or low toxicities.

[0261] 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-if*, 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) 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 o the p65 activation domain of NF-
kB (p65). 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 NF-xB (p65) is
found at amino acids 596-862 of SEQ ID NO: 40. Changes can be made to the transcriptional
activator, for example, 1o 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 Jeast the same degree of transactivation activity.

[0262] 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 HSP90 for ER-LBD binding, resulting in TamR-tf
translocation 1o the nucleus. Upon nuclear translocation, TamR-tf is readily available to bind

to a restricted synthetic promoter (e.g. 7xHBD/EF1ap). In the presence of tamoxifen, binding
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of TamR-tf to the synthetic promoter, e.g., the 7xHBD/EF lap 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 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.n 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 Ilymphocyte, a polypeptide spacer, wherein the spacer optionally provides for
increased T cell proliferation andfor cytokine production in response to the ligand as
compared to a reference chimeric receptor, a transmembrane 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.

[0263) 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 [L-2, 1L-15, Chemokine receptors, Bcl2, CA-Aki, dn-
TGFbetaRIIL dn-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 2
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-if", also designated “HEA3”) is a chimeric

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

[0265] In some alternatives of the compositions herein, the CD4+ T helper
lymphocyte cell is naive CD4+ T cells, central memory CD4+ T 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 are 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 naive 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 naive or central
memory 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 are CD8+; in some alternatives, at least 20, 30, 40, S0,
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+ T 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.

[0267]  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,

[0268] In some alternatives, a method of manufacturing the compositions

comprises obtaining gencrating a modified naive or naive-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
receplor, 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.
[0269] In some altematives of the methods described herein, the T-cells are
administered with other T-cells that are non-CAR expressing, and/or produce Tam-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 immunogenicity of the constructs upon

administration to human subjects, for example, in cell therapy.

Expression in Jurkat Cells.

[0270] 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 7xHBD/mEF1ap 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.

[0272) 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) HEA-3 is driven
by the human EFla promotcr and linked to the constructed truncated EGFR (EGFRY)
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transmembrane 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) 7xHBD/mEF1ap
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). ZsGreenl is a human codon-optimized ZsGreen variant that encodes the

brightest commercially available green fluorescent protein. (Available from Clontech).

Methods.

0273} Jurkat 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/mE1b which
regulates expression of the transgene ZsGreen-DRI, a short half-life green fluorescent
reporter gene.

[6274]) 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 ( 40HT) for 24 hours, and then were harvested,
stained with Erbitux-biotin followed by SA-APC, and analyzed for APC expression and

ZsGreen expression via flow cytometry. The resulis are shown in Figure 1.

Dose response.

[6275]  Cells were harvested and were then subjected to treatment with 4OHT 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 for kinetic studies. Cells were divided into 3 treatment groups: (1) no
40HT (2) 200 nM 40HT (added every 48 hours) (3) 24 hour 200 nM 40HT, followed by
washout 1x in PBS, then culture in 4OHT free media for 14 days, followed by a 24 hour re-
stimulation with 200 nm 40OHT, and then washout in 1x 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.

[6277] The results in Figure 1 show that in the presence of 4-hydroxy tamoxifen
(4-OHT), about 50% of the cells express ZsGreen, indicating these cells have both constructs
A and B and that 4-OHT induced expression of construct B. The results of the dose response
curve show that a concentration of 200 nM or greater of 4-OHT 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-OHT is added back, ZsGreen activity
returns to about 100% max activity within 2 days.

Discussion.

[0278] 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 CDS8 central Memory cells.

[0279] “ON” and “OFF” state of CD4 and CD8 Central memory T cells

expressing TamR ZsGreen was studied.
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Constructs.

[0280] 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 (construct A) (See Table 10; SEQ D NO: 39; Table 1 SEQ 1D NO: 8 and SEQ ID
NO: 9) and 2) conditional expression of a transgene that is under control of the HEA-3
restricted synthetic promoter 7xHBD/mEF1ap 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.

{0281] CD4 central memory cells were obtained from peripheral blood by
selecting cells through flow cytometry for markers CD4, and CD62L and negative for
CD45RQ. Cells were cultured with anti-CD3/anti-CD28 beads for 3 days.

10282}  CD8 central memory cells were oblained from peripheral blood by
selecting cells through flow cytometry for markers CD8, and CD62L and negative for
CDA45RQ. Cells were cultured with anti-CD3/anti-CD28 beads for 3 days.

10283])  After 3 days, CD4 or CD8 central memory cells were transduced at a MOT
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/mE1b which regulates expression of the transgene ZsGreen-DR1, 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 4OHT alone for 48 hours, followed by addition of CD3/CD28 beads (C).
Corresponding samples without 4OHT were also obtained for comparison. All samples were

harvested at indicated time points following 4OHT treatment, stained with EGFRi-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 § (CD8 central memory).

Results.

10285] The results show that the CD4 cells transduced with the dual plasmid vector
required the presence of activation stimulus in order to express the 7sGreen 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 Figare 4C.

[0286] 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. Sce Figure 5B. About 37% of the primary transduced CD8 cells in the
presence of tamoxifen and antiCD3/anti-CD28 beads expressed ZsGreen. Gene expression
was seen when activation occurred after a 48 hour treatiment 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 sorling.

Construction of TamR---CDI1SCAR 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-lalpha promoter encodes TamR-tf
(HEA3) linked via a ribosomal cleavage sequence, T2A, to the tracking and selection marker
EGFRt.(See Table 10; SEQ ID NO: 39, Table 1: SEQ ID NO: 8 and SEQ ID NO: 9)
Construct B contains the 7xHBD/mElb promoter with downstream transgene cDNA
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 DHFRdm (See
Table 14; SEQ ID NO: 46).

[0289]  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 harvesied for flow
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cytometry. Samples were stained with EGFRt-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 CD19CAR
(~48 kDa). The endogenous CD3 zeta migrates at ~23 kDa. The results are shown in Figure
6.

Jurkat T cells transduced with TamR CD19CAR LV containing 2 selective marker.

[0296) Construction of TamR CD19CAR LV was done through dual packaging of
constructs A and B. Construct A contains HEA3 linked via a ribosomal cleavage sequence,
T2A, 1o the tracking and selection marker EGFRt. Construct B contains the 7xHBD/mE1b
promoter with downstream transgene consisting of CDI19CAR 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.

16291} 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 CD19CAR (~48 kDa). The

endogenous CD3 zeta migrates at ~23 kDa.

Results.

10292) The results show that EGFR1 is detected in 94.6% of cells transduced with
a construct not including the additional selective marker DHFRdm. 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.

10293} 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,

DHFRdm, to the inducible construct did not improve inducible gene expression.

TamR CD19CAR 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
CDA5RO. 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
HEAS3 linked via a ribosomal cleavage sequence, T2A, to the tracking and selection marker
EGFRt. (See Table 10; SEQ ID NO: 39; Table 1; SEQ ID NO: 8 and SEQ ID NO: 9).
Construct B encodes the synthetic, HEA3-responsive promoter, 7xHBD/mE1b which
regulates expression of the transgene CD19CAR- linked via a T2A to Her2t for tracking and
selection, and via a second 2a sequence, P2A. to the methotrexate selection gene DHFRdm.
(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 afier transduction, cells were enriched for EGFRt utilizing
magnetic bead selection, and subsequently expanded with irradiated feeder cells, IL2, and
TL15. Two weeks after expansion, cells were cryopreserved. In the experiment depicted
above, CD4+ CEM cells which were mock transduced, or CD4 +TamR CDI9CAR LV were
thawed, placed in culture with CD3/CD28 beads, 11.-2, IL-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 EGFRY, 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.

[0298] 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 Her21. 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
CDI9CAR.

[0299]  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
GMCSFRss-CD19scFv-IgG4hinge-CD28tm-41BB-Zeta-T2A-EGFRt

Algetgetgetggigaccagectgetgelgigegagetgeoceaceeegeettictgetgatecece (GMCSFRss) (SEQ ID
NO:2)

Gacatccagatgacccagaccacciccagectgagegecageelgggegaceggglgacealcagetgecgggecagecaggaca
tcagcaagtaccigaactgglatcageagaagecegacggeaccgicaagetgetgatelaccacaccageeggetgeacageggeg
tgeecagecggtitageggeageggetecggeaccgactacagectgaceatciccaacctggaacaggaagatategecacetactt
ttgccageagggceaacacactgeectacacctttggeggeggaacaangetggaaateaccggeageaccicegpeagegeeaage
ctggeageggegagggeageaccaagggegaggtgaagetgeaggaaageggecctggectggiggeccecagecagagectga
gegtgacctgeacegtgageggegigageetgecegactacggegtgagetggatceggeagecececaggaaggpcctggaaty
getgggegtgatetggggeagegagaccacctactacaacagegeectgaagagecggetgaccatcatcaaggacaacageaaga
gecaggtgticctgaagatgaacagecetgeagacegacgacacegeeatetactactgegecaageactactactacggeggeageta
cgecatggactactgggeccagggeaccagegtgacegtgageage  (CD19scFy) (SEQ ID NO:3)

Gaatctaagtacggacegeectgececeettgeeet (IgG4hinge) (SEQ ID NO:4)

Atgtictgggtgetgptegtegtegpaggegtpetggectgetacagectgetggteacegtggcctteateatetitigopts
(CD28tm-)SEQ ID NO:5)

Aaacggggcagaaagaaacicctgtatataticaaacaaccatttatgagaccagtacaaactactcaagaggaagatggetgtagetg
cegatticcagaagaagaagangpaggatgtgaactg  (41BB) (SEQ ID NO:6)

Cgeglgaagticagcagaagegeegacgeccelgectaccageagggecagaatcagelglacaacgageigaacclgggeagaa
gggaagagtacgacgleciggalaageggagaggeegggacceetgagatgggeggeaagectcggeggaagaacceecaggaag
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gectgtataacgaactgeagaaagacaagatggecgaggectacagegagateggeatgaagggegageggaggcggggcaagg
gecacgacggectgtatcagggectgtecaccgecaccaaggatacctacgacgecctgeacatgeaggeectgeccecaagg
(CD3Zeta)- (SEQ ID NO:7)

Cicgagpgcppcggagagggcagagpaagictictaacatgeggtgacgtgpagpagaateccggeectagg (T2A) (SEQ
ID NO:8)

Atgcettctcetggtgacaagectictgetctgtgagttaccacacccageattectectgatcecacgeaaagtgigtaacggaatagota
ttggtpaatttaaagactcactetccataaatgetacgaatattaaacacticaaaaactgeacctecatcagiggegatctecacatectge
cggtggceattiaggggtgaciceiicacacatacicetectelggatccacaggaaciggatatictgaaaaccglaaaggaaatcacag

ggllittgetgaticaggetiggectgaaaacaggacggacclecatgeciitgagaacclagaaalcalacgeggcaggaccaageaa

catgglcagtiticicligeagtegicageelgaacataacalceligggattacgeleccicaaggagataagipalgoapatgipataalt
tcaggaaacaaaaattigtgelatgcaaatacaataaactggaaaaaacigtiigggacciceggicagaaaaccaaaatiataageaac
agaggigaaaacagctgcaaggecacaggecaggicigecatgectigigeteccecgaggectgetggggeceggageceaggg

actgegteictigecggaatgicagecgaggcagggaatgegiggacaagtgeaaccticiggagggtpgagecaagggagtttgipga
gaacictgagtgcatacagtgecacccagaglgectgecicaggecalgaacalcaccigeacaggacggggaccagacaactglate
cagtgtgcccactacatigacggeccecactgegicaagaccigeccggeaggaglcalgggagaaaacaacaceeigglelggaag
tacgcagacgecggecalgigtgecacetgigecatccaaacigeacctacggalgeactgggecaggictigaaggetgiccaacga
atgggectaagatcecgticeategecactgggatggtgegggcecteetettgetgetggtggtggecetggggateggecteticatgr
ga__(EGFR1) (SEQ ID NO:9)



Table 2

GMCSFRss
ONA: ATGCTGCTGCTGGTGACCAGCCTGCTGCTGTGCGAGCTGCCCCACTCCGCT
aa: ¥ L L L VT &L LLCETL PR P A

CD19scFv
DNA: TTTCTGCTGATCCCC:GACATCCAGATGACCCAGACCACCTCCAGCCTGAGC
Ah: F L L I P D I M T QTT S 8 L 8

DNA: GCCAGCCTGGGCGACCGGGTGACCATCAGCTGCCGGGCCAGCCAGGACATC
AA: A S L G DRV ?TI S CRAZS QO DI

DNA: AGCAAGTACCTGRACTGGTATCAGCAGARAGCCCGACGGCACCGTCAAG
BA: S XK Y L N WY Q Q K P D G T V K

DNA: CTGATCTACCACACCAGCCGGCTGCACAGCGGCGTGCCCAGCTGE

BA:' L I Y B T & R L B 8 G Vv 7 &

Q)

DHA: GGCAGCGGCTCCGGCACCGACTACAGCCTGACCATCTCCAACCTGGAACAG

G $ 6 &8 G T DY &L T I &8 K L B Q
GRAGATATCGCCACCTACTTTTGCCAGCAGGGCARCACACTGCCCTACALT
E D1 & 71T Y F CQ QG N T L P Y 7T

TTTGGCGGCGGRACARAAGCTGGRAATCACCGECAGCACCTECGGCAGEGGRT
6 6 6 T X1 &2 I T G & T & G & G

DNA: BRGCCTGGCAGCGGCGAGGGCAGCACCAAGGGCGAGGTGARGCTGCAGGAR
AAt XK P G 8 G & G 8 T K 6 E V K L Q E

DNA: AGCGGCCCTGGCCTGGTGECCCCCAGCCAGAGCCTGAGCETGACCTGCACT
AA: 8 6 ? G L V AR P 8 0 § L s Vv T C T

ONA: GTGAGCGGCGTGAGCCTGCCCGACTACGGCGTGAGCTGSATCCGGCAGCLEC
ARA: V. &§ G V S L ¥ D Y G V & W I R Q P

DNA: CCCAGGAAGGGCCTGGAATGGCTGGGCGTGATCTGGGGCAGCGAGACCACC
: P X X G L E®W L 6V I W G S E T T

DONA: TACTACAACAGCGCCCTGAAGAGCCGGCTGACCATCATCAAGGACAACAGT
BA: Y Y N 8§ A L K 8 R L T I I K D N 8

ONA: BAGAGCCAGGTGTTCCTGAAGATGAACAGCCTGCAGRCCGACGACACCGCC
AR: K 8§ ¢ V F L K M N s L ¢ T D D T A

DNA: ATCTACTACTGCGCCARGCACTACTACTACGGCGGCAGTTACGCCATGGAC
AA: I Y Y C A K BH Y Y Y G G § Y A M D

IgG4hinge
DNA: TACTGGGCCCACGGCACCAGCGTCACCCTGAGCAGE : GAGAGCAAGTACGCA
:Y W 6 Q G T S VT V S S E S K Y G

CD28tm
G GGAGGC
LA:P P C P P CFE MF WV LV UV VG

DRA: GTGCTGGCCTGCTACAGCCTGCTGGTCACCCTGGCCTTCATCATCTTTTGS

AA: V L AC Y S L L Vv T VA 1 I I W
41BB

DNA: GTG:RARCGGGGCAGRARGAAACTCCTGTATATATTCARACAACCATTTATG

AA: ¥V XK R G K KL L Y I F XK Q P F M
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DNA:

DNA:
DNA:
ONA:

ARA:
DONA:
DONA:
DNA:

F{¥i¥
DNA:

AR
ARG

ORA:

ONAL
AA:

ONA:

DNA:
Ads

AGACCAGTACAARCTACTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCCA
R P V Q T T ¢ E E D G C & C R F P

cp3Zeta
GARGAAGAAGAAGGAGGATGTGAACTGCGGGTGAAG : TTCAGCAGAAGCGCC
EEEE G G CE LRV X F 8§ R 8§ A

GACGCCCCTGCCTACCAGCAGGGCCAGAATCAGCTGTACARCGAGCTGARC
DA 2 A Y @ ¢ G Q K ¢ L Y N E L N

CTGGGCAGAAGGGAAGAGTACGACGTCCTGGATRAGCGSAGAGGCTGGGAC
L 6 RR EE Y P VL DX R R G R D

CCTGAGATGGGCGGCARGCCTCGGCGGAAGAACCCCCAGGARAGGCCTGTAT
P E M G G XK P R R K N P

)
7]
[
o

Q
ARCGAACTGCAGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCEGCATG
N E L ¢ X D K M A E A Y & E I G

BRAGGGCGAGCGGAGGCGGGGCARGGGCCACGACGGCLTSTATCAGSGCCTG
G & R R R G XK 6 E D G L Y ¢ G L

0

TCCACCGCCACCARGGATACCTACGACGCCCTGCACATGCAGGCCCTGLCE
g T A T X D T Y D AR L EM Q A L P
T2A
CCRAAGG: CTCGAGGGCGGCGGAGRGGGCAGAGGARGTCTTCTAACATGCGGT
P R L E 6 ¢ 6 5 ¢ R G & L L T C G
EGFRt

GACGTGGAGGAGAATCCCGGCCCTAGG : ATGCTTCTCCTGGTGACAAGCCTT
D vV E E N P G P R M L L L VvV T 8 L

CTGCTCTCTGAGTTACCACACCCAGCATTCCTCCTGATCCCACGCAAACTG
L .. ¢ E L P H P A F L L T P R KV

TGTAACGGAATAGGTATTGCTGAATTTAAAGACTCACTCTCCATAAATGCT
¢ X 6 I 6 1 G E F KD 8L S8 I N A

;. ACGAATATIAAACACTTCAAAAACTGCACCTCCATCAGTGGCGATCTICCAC

T N I X # F K N C T 85 I 8 G D L H

¢ ATCCTGCCGGTGGCATI TAGGGCGTGACTCCTTCACACATACTCCTCCICTG

1 L 2 v & F R 6D S8 F T 8 T P P L

: GATCCACAGGAACTGGATATTCTGAAAACCGTAAAGGAAATCACAGGGTTT

D P Q E L DI LXK TV KZ E I T 3 F

TTGCTGATTCAGGCTTCGCCTGAARACAGGACCGACCTCCATGCCTTTGAG
L L I ¢ A W P ENIRTUDIULE2A2TF E

AACCTAGAAATCATACGCGGCAGGACCAAGCAACATGGCTCAGTTTTCICTT
N L E 1 I R G R T K Q H G Q F 8 L



DNA:
Ah:

ONA:
AA:

DRA:
AR

ONA:
EA:

DNA:
ARz

DNA:
BA:

GCAGTCGTCAGCCTGAACATAACATCCTTGGGATTACGCTCCCTCARGGAG
A VvV vV 8 L ¥ I T S8 L 66 L R S8 L K E

ATAAGTGATGGAGATCTCATAATTTCAGGAAACAAAAATTTGTCCTATGCA
I s b6 DV I I 8§ GG N XX L C Y A

: AATACAATAAACTGGAAAAAACTGTTTGGGACCTCCGGTCAGARAACCAAA

K T I N W XK X L ¥ 66T 8 G Q K T K

ATTATAAGCAACAGAGGTGAAAACAGCTGCAAGGCCACAGGCCAGGTCTGC
I I &8 X R GEUNXN S C KA ATG Qg V C

CATGCCTTGTGCTCCCCCGAGGGCTECTGGGECCCGGAGCCCAGEGGACTGC
H A L C S8 P E G C W G P E P R DO C

GTCTCTTGCCGGAATGTCAGCCCGAGGCAGGGAATGCGTGCGACAAGTGCAAC
vV 8 ¢C R X v & R 6 R E ¢ V D KX T H

CTTCTIGCAGGGCIGAGCCAAGGCAGTTIGTCGAGAACTCTGAGTGCATACAG
L L 8 6 E F R E F V ENKXK & E C I 0

TCCCACCCAGACTGCCTGCCTCAGEGCCATGAACATCACCTGCACAGGACGE
¢ & 2 8 C L 2P ¢ AMNXNTITCT G R

GGACCAGACAACTGTATCCAGTGTGCCCACTACATTGACGECCCCCACTGC
¢ » DN C I ¢ C A EBE Y I D G P # C

GTCAAGACCTGCCCGGCAGGAGTCATGCGAGARAACAACACCCTGGTCTGEG
vV X T ¢ P A GV M G E K X T L V W

: AAGTACGCAGACCCCCGCCATCTGTGCCACCTGTGCCATCCAAACTGCACT

XK Y A D & ¢ 8 v ¢C E L C&H P KN CT

TACGGATGCACTGGGCCAGGTCTTGAAGGCTETCCAACGAATCGGCCTARG
Yy 6 ¢ T ¢ P 6L E G C P T N G P K

ATCCCGTCCATCGCCACTECGGATEGTGGEGGCCCTCCTCTTGCTGCTGETG
I P 87 A TG MV G AL L L L L V

GTGGCCCTEREGATCEGCCTCTTCATGTG:  (SEQ ID NO:10)
vV A L 6 I 6 L F M * (SEQ ID NO:11)



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)
41BB: nt3005-3130 (SEQ ID NO: 54)

Zeta: nt3131-3466 (SEQ ID NO: 55)

T2A: nt3467-3538 (SEQ ID NO: 56)
EGFRt: nt3539-4612 (SEQ ID NO: 57)

Primers for sequencing:

Oligo name Sequence Region

0J02649 ATCAAAAGAATAGACCGAGATAGGGT  pre-US(SEQ ID NO:22)
0J02648 CCGTACCTTTAAGACCAATGACTTAC  delU3(SEQ ID NO:23)
0J02650 TTGAGAGTTTTCGCCCCG mid-Ampr(SEQ ID NO:24)
0J02651 AATAGACAGATCGCTGAGATAGGT post-Ampr{SEQ ID NO:25)
0J02652 CAGGTATCCGGTAAGCGG CoEl ori(SEQ ID NO:26)
0J02653 CGACCAGCAACCATAGTCC SV4(SEQ ID NO:27)
0J02654 TAGCGGTTTGACTCACGG CMV(SEQ ID NO:28)
0J02655 GCAGGGAGCTAGAACGATTC psi(SEQ ID NO:29)
0J02656 ATTGTCTGGTATAGTGCAGCAG RRE(SEQ ID NO:30)
0J02657 TCGCAACGGGTTTGCC EF1p(SEQ ID NO:31)
0J02658 AGGAAGATATCGCCACCTACT CDI9Rop(SEQ ID NO:32)
0J02601 CGGGTGAAGTTCAGCAGAAG ) Zeta(SEQ ID NO:33)
0J02735 ACTGTGTTTGCTGACGCAAC WPRE(SEQ ID NO:34)
0J02715 ATGCTTCTCCTGGTGACAAG EGFRY{(SEQ ID NO:35)



Table 4 Uniprot PO861 [pG4-Fe(SEQ ID NO:13)

‘0 : . ’89

130 140 150
KPKDT 1M1SRTPAVT CYVVDVSQR]

190 200 210
RYVSVLIVLE QDWLNGKIYK CKVSKXGLPS SIEXTISKAK

250 260 270

80
GLYSLSSVVT VPSSELGTKT YICKVORKPS .NTKVOKRVE

10
ASTKGPSVFP LAPCSRSTSE STARLGCLVK DYFPEPVIVS

160
?T,VQ FRWYVD

10

0
s

220

280

o2l

NQVSLICLVX. GFYPSDIAVA WESNGOPERK YKTTPPVLD

. 310 - 329
N\'FSCE\’MI’%Z ALENEYTQKS LELSLGK
1-98 cr1 (SEQID NO: 59)
99-110 Hinge (SEQIDNO: 60)
111-220 cH2 (SEQID NO: 61)
221-327 cH3 (SEQIDNO: 62)

Position 108 $-P (SEQ ID NO: 63)

“‘:.‘50

WNSGALTSGY

110

“KYGPPCESCP

170
GUEVENAXTK

o230
GQPREPQVYT

60

HTEFPAVLOSS -

Soiiag
APEFLGGPSY
180 -

PREAQFNSTY -

LPPSQE

300
TVDKSRWQEG



Table S vniprot p107¢7 cp28(SEQ ID NO:14)

10y 1304050 60 -

0" :
MLRLLLALNL FPSIQVIGNK ILVKQSPMLV AYDNAVNLSC KYSYNLESRE FRASLEKGLD

~ 0 B0 sg o oa0g . 110 120
SRVEVCVVYG KYSQOLQVYS KTGFNCDGKL GNESVTEYLQ NLYVNQTDIY ECKIEVMYPE:

130 0140 0 150 16070 o180
PYLDNEKSNG TIIRVKGKHL CPSPLEPGPS KPFHVLVVVG GVLACYSLLV TVAFIIFWVR e

1907 < 200 T 210 -0 7220
SKRSRLLESD YHNMTPRRPG PTRKEYQPYA PPRIFAAYRS

1-18 signal peptide (SEQIDNO: 64)

19-152 exitracellular demain (SEQ ID NO: 65)
153-179%  Lransmembrane domain (SEQID NO: 66)
180-220 intracellular domain (SEQ ID NO: 67)

Position 186-187 LL-GG (SEQ ID NO: 68)



Table 6 uniprot go7011 4-1BB(SEQ ID NO:15)

| 10 Silgg g g T
MGRSCYNIVA TLLLVLNFER TRSLODPCSN CPRGTECDNN RKQICSPCPP NSESSAGGQR

™M

g B0 Use a0 o 110 -0 1200
TCDICRQCKG, VERTRKECSS TSKAECDCTP GFECLGAGCS MCEQDCKQGQ ELTKKGCKDC
130 <140 is0 o 1e0 170 P1e0

CEGIFKDQKR GICRPRINCS. LDGKSVLVNG ‘TKERDVVCGP SPADLSPGAS SVTPPABARE . -

190 ° 200 e 2100 o220 0 230 240
PGESEQITSF FLALTSTALL FLLEFLTLRF SVVXRGRXKL LYTFXQPFMR PVOTTQEEDG .-
250

GGCEL
1-23 signal peptide (SEQID NO: 69)

24-18€ extracellular domain (SEQ ID NO:70)
187-213 transmenbrane comain (SEQID NO:71)

214-255  intracellular domain (SEQID NO: 72)
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Table 7 vniprot P209%63 human CD3¢ iscform 3 (SEQIDNO:16)

10 a0 T Tag T e T s g0

MKWKALFTAR TLOAQLPTTE RQOSFGLLDPK LCYLLOGILF IYGVILTALF LRVKFSRSAD

70 S B0 0 U0 T100 v 110 Tesh 120

AFAYQQGOKQ LYNELNLGRR EEYDVLDKRR GRDPEMGGKP ORRKNPOEGL YNELOKDKMA

130 140150160

TAYSEIGMKG ERRRGHKGEDG LYQGLESTATK DTYDALEMQA LPPR

1-21 signal peptide (SEQIDNO:73)

22-30 extracellular (SEQID NO:74)

31-51 transmembrane (SEQIDNO:75)

52-164 intracellular demain (SEQ ID NO: 76)
61-89 1TaM1 (SEQID NO: 77)

100-128 1TaMz (SEQ ID NO: 78)

131-155  1TAM3 (SEQID NO: 79)
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Table 8 Exemplary Hinge region Seguences

Juman IgGl EPKSCDXTHETCPPCP (SEQ ID NO:17)

Juman IgG2 ERKCCVZCPECP (SEQ ID NO:18)

Human IgG3 ELKTFLGDTETCPRCP (EPKSCDTPPPCPRCP); (SEQID NO:19)
duman IgG4 ESKYGPpcPScE (SEQ ID NO:20)

Modified Human IgG4 ESKYGPPCPPCP (SEQ ID NO: 21)

Modified Human IgG4 YGPPCPPCP (SEQ ID NO:36)

Modified Human 1gG4 KYGPPCPPCP (SEQ ID NO:37)

Modified Human 1gG4 EVVKYGPPCPPCP (SEQ ID NO:38)

142



1241

2088310e031833081008081088820}8008)8)00890818181800880080vFr0B08)32edF10)3F1000808ROE
ereded8S1en8ed3eod3o0081voedeenZadioe00090880e811RoR108000F1B13R001e18108R0RBR00eTE
33oe3Jeoradionoieoeedeooddesin03podiZedeosressFieorivadiBediajorededdF)3ed3Tnes
23ed1353e83 1000088013808 F0T10e53TR08FeF05301B18ET0081n010180B108983w0005e330
0083881031033525500001981811008129051018Fe0038eov0083er08108eoveeed)33edeoreodeeree
erroorrrede018800100e8881mSioreeerediioveeieedviveesfiendiSiyeeeseoveeddeomee)edfie
Ze331e313veye8u3Ten010001085enu333n001vorYIRERS1003en 3 NTeodnoonndenddiecteodeun
oe33e03308oeeorerelerooredednoodivosiooedovddeoeered)oaddodBeonedodmniddeoes
1evu3deeeiFoovereSione1edSioneddeoesa1ed319100100108180808130030e1353Fe11e035:15800310
2180B00137808818 8018003008081 0RRRERBONORORRR R ERTORIOT BER ROV EO e TR ReS 188 )
FZereedBoee31818eeeofoeosoredioaoonesdescoesedaendediBinodionoodeesedi8500mode
q4OI

(98 :ON

UL OHS) F3e10003300018e3033e33130ud1330)0RRI0N018erTTeIRo8333e3ed30885338e30))
Vil

(s8 :ON a1 OFs) Fdeeo
909583005388081208931000508308)00812FFRra00028089918)00338 80121 F100830r 80820333 verT
333033e3305830333ved1 03301836303 r0oR)003TRF0033 0T vRoeT B RS RO 0RRS0RE) VIS 1003 Fve]
FeoooooredeedFo8301008er0d30333128eB1000e3330083eFe3F03vr1e881001308F 001 Fedvedddes
8e0333)00ved)edovror)fiodeciredesoddBeodeooe;53100008oe800303reiroduondendi3siH
8z €D

($3:ON dI OIS) S1oeed131e33e33eesevieedvedeoomedoadio
e)810381eFeedFeIeeoionioveroeiBeooefedieineooeeceeeoyeiie1dionoeeedeeede0diidovey
a4q1-+

(€8 :ON (I OHS)
$15381m0180180135038180080138108100880810810083108180880855185183185105185%ond1y
wWeIAD

(Z8 :ON I OFS) 190981990000F1000820edBow1Feenelen

Jooeds o3ury

{18 :ON (1 DHS) 13e30101350801331000ee33weny3iTe )00
10e8512108121011088023388e888F1e8v10nSene1n8oodioeoed 3ed10813081008eoveeSeodivoe0
a3zorourerrddesRIedesdsenieionomIsndiFreniZadeeFoodinedeounifiendsnioommeds
2eo3333812e38100333211388900033em3031383108081E12I00R00 RR R IBOLEONN BTN 08018100
1811135010821083388200820313510583188588101828818%1080011388032080088038883188001¢88
533833890303318303808mom3es8Fureoiedeididdresov;333useddondorosoioorseovieneoresd
eo1foenenoeeodonoedeedfoodeodioideofeojecsedioloeoeddoeda8ioedeoonitiolonodalono
2013e38101081010011001808 30108 ER0RIoRERS001BeevedBeooeredrorroir)id1003R13108 100 20T
131833e01580531300510080180080)33Fe1835385181010082918100010FeF 00001 3e000eG e R00RIED)

ATSTIH
(08 :ON I OFS) To3NEBI010NBI8E3008IE00BII3e01810100 1011903 BE0La 181001001y
1pery

NLIDA-VTL-8RZ-gH [ W8T AD-98UIYyOS[-A[OSTIOHSSISOND
( 1:ON I OdS) Iooeds 110ys-1onnsuod 7 ISH § I[qEL

or

133

0¢

74

SI

0l



aggtcitgaaggetgiccaacgaatgggectaagatecegiocatcgecactgggatggiggggpecctectetigetgetggtegt
ggeoctggggateggectetteatgtga (SEQ ID NO: 87)
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Table 10 TamR-tf (HEA3) nucleic acid (SEQ ID NO: 39)

HEA3 nuclectide (SEQ ID NO:39) and amino acid sequence (SEQ ID NO:40)

¥ ¥Y § K L S§ LR T OE
RIGETG TCCAAGCIST

TAGCAC AGETTCGASA

Q
GGGTCGACGT
G E G P L

TEGCGARGHE. CCT
ACCGCTICCG

L L 2
T ATCTGUTCES
TGAGCCETIT GBACCTEEAR TAGACGRLSS

3 L ¢ BE % R B
GECCTGGECG AGACRAGRGE
CCEBACCOEE TCTGTTRICE

8§ ED B 1 D D I &
CRECGAGGAT

GTEECTECIG DTCTEICTST
I i

2
CACPECTOCS

GIGACGACET

A 2 1
AAGOOECCCA
TTCGHOGERT €

Q¢ K A

TCTTTCGE

i

CCAGCGCEAG

vy T I

[
GTGGTGGACE CCACCGEGLLT
GETCGCLCTT CATCACCIGT SGTCGUCGHA

¥ G &
GAACCACAGT
CTTGEILTSS

t QR il

¥ r ¥ Y ¥ R X R E F T
TACACTIGET ACGTGUGERA GCRCAGAGAG
ATGPGAACCA TGCACGICIT OBICTOTCTIC

v 2 o0
cjecaas e
CACLEETCS

r
&

g

5 9
ATLTCAG

¥ W G F

K K &
LCAAGA,
GETTCITICCT

N k &
GCAACCGGEC

E C I
CBAGTGCATC

cE T L 0V E
GSAGACACTG GTGGAAGRGT
CCTOTETGA GA

Ch

TRG G2

GLPCAL orge

K E E A

¥

RV Y X W F 2 R
CE3GTGTACA ATIGCTICED

BCCCACRICT TAACCAABRDG

¥ R X
CRACCEGCS3

GrIGGICECC

I

M I X Kk £ L A X S L T
TGATCEA GUBGAGCARG

BCTACTAGIT CBECTCETTS

¥ ¥ XN &

CCCABCTECA. GM_)M;%RACTG &
CIGICTTGAC BACOGTCITE

B K
E GATA AGEGCSRGAG
EGAGATCTAT

GAGACAGATE ACGACGGTEA
TGCTGOTSCT

¥ L 3

CACCTERS!

TRGABTEGTC

¢ R G V =
AGRGICE

TITCICCTTIC GGAAGECIGT

ARGARCAGCC TOGCCCIGAS CUIGATIGCC
TPCTTGTCSG ACCGEGRCTC BEACTEGORY

L

13

CAGUAT

b

G 8

TCCOGCTCTS
L ¥ T

GEACTTCACC

TGRASTGS

E

R ¥
Eeecored
ACCCCTCRGT
£ E L N
T AGCACCIGAR
TCSIGSACTT

H
AGTTTACACA
TCARATGTST

A5 Q
CECLG3TCAS
GCIECIGETC

2

<
P S

ACTOGHGARS

H

K s

A A 1L L

A

L s 6L S5 X E AL 1 g A-
TGCTGGRAAE UGGUCTGAGE AARGABSOCC TGETTCAGSC
ACGACCTTTC GLCGGACTCS TTTCTCOGGE ACTAAGTGOG

& R 8 §E L AE L PR
AGZTGGGOGA GCTEOCTAAC
TCGATCEGCT CGRUSGATTC

T ¢ 6
CTGTGEOGGA GEARGABGAS
GATACCELCT CCTTETCITC

F ¥ I L XK E L B XL & P E Z
CCCTCCATEC TGARAGASCT GEARAACCTE AGTCLICGAGG
GGGEEGTAGE ACTTTCTIGA COTTITGGAT TOGGGECTCC

X ¥ ¥ X §5 Y
CUARGETGET CAAGRECTAC
GETTICTACCA GTTCTOGATS

L 2 g E XN
CTGCAGCAGE ACRECATC
GROGICETOG TETTETAGEE

X G % ¥ MK Y Q K ER % A L
CRAGCGTACC CCCATGRAAR CCCAGAACAC AGCCSECCCTC
GTTCTCGTES GGGTACTITY GGGTCTTCTC TCGEUGEGAT

T EP T GD E L P T

GAECTECCCA
LTCGACGEET

¢ G L
GECEECCTER
COGCOGBACT

ITGAGGAACC TACOSSOGAC
AGCTCCTIGS RIBGICGCIE

B kS

A Y

CGCOSTLCITE TTGGGGTOCT TICTCCTIST

¢ 22 6 L G S XN LV I E V
TCAGGCTCAL GGCETCGSCA GLAATUTGGT CACCGAAGTE

AGTCCGAGTC CUGSAGCIGT CETTAGACCA BTGB TCAC

N L W P S F L

A ¢ 2 ¥ X A A

ARAGACGRAG CCTTCCEGTA CARGCTGICT

"CGACARGA
A
GALCAGATGSE
CTRGTCTACS
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D ¢ MV 3

GCTGECGATA TGA telc o)
CEACCGLTRE ACTICTCOGICS

CARCCTSRGE CLOAGCTLCC
GTIGGACACC GEETIGSEEG

E P P I L Y =8
GAGTTCCCTA TCCTTACAG
CTUGSGEGAT AGGACATETC

A L L D A
TGTCCECTCT GCTGEACECT
ACAGGCGAGH CEACCTGLGS
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Table 11 TamR-tf (HEA4) nucleic acid (SEQ ID NO: 42) amino acid sequence (SEQ ID NO: 43)

HEA4 Nucleotide(SEQ ID NO: and BEmino Acid Sequence
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-EYyD P T RP F SE A &K MGL L T NL ALZR ELVE N I N ¥ AK
CGAGTACGAC CCCATCAGAC CCTITASCGA GEITAGTATC RTGSGICTGL TGACCAACCT GGCCGACCGG GAGCTGGTGC ACATGATCAX CTGG3CCAAG
GCTCATGCTS GGGIGETCTG GGARZICEOT CUGETCGTAC TACCOGGACG ACTGRTTGG2 CCOGGUTGGLT CTCBACCRCG TGTACTAGTT GACCUGSTTC

R VP GG FVD L T?TL HDQQ@V BLIL ECAR WLET L M¥I 6LV WRSM
CEEBTGCCCE GCTTCATSGA CCTGACCOTG TAC3ACCACG TCCACCTGCT GGAATGTGCC TGGCTGGAAA CTGATGAT CGECCTCGTS TGOABARGTA
GCCCACGEGC COAAGCACCT GGACTGSSAC SIGCTEETCC AGSTGGACGE TCTTACACGG ACCGACCTTT AGGACTACTA GCCGGAGCAC ACCTITTCST

EHP VEKL LFADP ¥NLL LDRXRKOQEX CVE G6MYV EIFD HMNLL
TGGAACACCC CGTGAAGCTG CTGTTCGCCC CTREACCTGCT CCTGGACOGG ARTCAGGGR?. AGTGCCTGGA GGGUATGGTG GAGATCTICSG ACRTGLTGCT
ACCTTGIGGS GCRCTTCGAC GACAARGEGGGE GETTGGACCA GGACCTRGCC TTBSTCOCCTT TCACGCACCT CCOGTACCAC CTCTAGAAGC TGTAZGACGA

‘;i“l-“l:LKS.'lLLNSGX‘Y"'FL
GEAATTCG TSTGCCTGAR GTCCATCATC CTGCTGARCA GCGGES
Tb\.“,\’l'P.PLL ACACGGACTT CRGCTAGTRAGC GACGAUTIET CGLCUGCA

5 5 7 L D X T 0D T L I H1I M AZK &3 LT
TCATCCATCC GGATAAG! ACCGACACCC TGATCCACCT GATGGCCAASG GCTGECCTGA

AGTAGETGGE ACTTCAGSGA CUTTCTCTTC CIGETGTACG LCTETTCTRAG TCGUTCTGECE ACTAGETGEA CTACLGETTY CGACIGEACT

L &£ @ H$H Q@ R LA L LL I L 5 EI1RE ¥ 5 3% KGM EHILY s MK
CAGTCCAGCA GCAGCACCASG AGACIGGULC AGCTGCUTCCT GATCCTGAGU CACATCCGGC ACATGAGCAA CAAGGGAATG GAACACCTGT ACAGCTA
GIGAGGTCGT CGTCGIGSTC TUTGRUTEES TUGACGACGL CTAGGACTCG GTGTAGGCCG TGTACTCGTT GTTCCCTIAC CTITGIGGACA TGICG

v ¥ L ¥ D> L L L E A A AR ¥ RL ## AP T E RG G A S5 ¥V EE
'GZTGCCCT IGTACSACCT GUTICTCEEG GCTECOGRTG CCTACAGRCT GCACGCCCCT ACAAGCRGAG GUGGAGCCAS CGTGBASGAR
TTG CRCCACGSGG ROZ GRGCIC LG, R GGETGICTEA CCIGLGGGGA TETTCGICTC CGUCTCHGEIC STRCUTCOTT

GCTGSR

Yy I T & E 2 E & F P AT V E
TACATCACCG GCBAGGCCGA GGGRTTCCCT GCTACCHTSS
ATGTAGTGGC C CGGCT CCCTRAGGGA CGETGETACT

T LD Q95 H LA T AGSE 5T
ACCGACCAGT CTCACCTHGC CACCECCGHT AGTACAHAS
TGGCTGGTCA GAGTGGACK GTGEGCGECCE TCETGTTCCT

F XK 8 I ¥ X K § P F
ATTCAAGRGT ATCATGAAGA AGTCCCCCTT
AAGTICTCE TAGTACTTCT TCAGGGSGAA

- F QY L P D T DDDRER
AGTTCCAGTA CCTGCCCGAL ACCGRCGACT

TCRABSTCAT BBACEGGCTS TGECTECTGE
& s A £V * K E A FE Qo F

L[CTAC CGUCRGCCTG CCUAAGCCIG CCCCCCAGTC
GCCCTCGCAC CGOUTTCCEAC GGACCGYICEE

T D F R P P P
ACCBATCCCA GATCCCTCCC
CTAGOGT CTGGTCEEGEC AIC

8§ ¢ A S A L AP A P P Q
TCTC AGGCCYCTEC TCTGGCACCT GCTCTATCT
A GGM,TCG«,CC GT&‘:?\GAG G TCCGGAGACS AGHCCSTGSA UGAGSTSGAS

T § &8 L 858 T I ¥ YD
P,CCMSCAGC(‘ TGAGCACCAT CAACTACGAC
TOGE ACTCETGSTA GTIGATSCTS CTCAAG
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*Q AV A F F A F X ¥ T QR

2 BC
TCCACGACSG AGTOOGEGEA CGACGTOGGG GTUGGEEAIG G2

& A L A Q¢ AP R F VP
CT GCACTGGRCC ARICTCC
'ACCACAGA CGTGACOGES TCOBAGE

G E&T L §E 2 LL LOQF PDE & L G

TCAGGCIGTG GLCCCTOCTG COCCTARAGT TAUCCAGGOC GGUGAGSGAA Cﬁ!_"lGI‘C’[‘G.’; GGCCCIGCIG CAGCTLCAGT TCOACGACEA GGATCTGGGA

AZTCCGATAT GGEBATITEE RPGGGTCCGG CCCCICUCTT GTGACAGACT CCGGGRCGAC GPOSAGGICA AGCTGLTGLT CCTASACCCT

21 L6 ¥ ST D P A V F T

B L R S DK S EF ¢ @ L L K G I P VA

v
GCACTGLTEG GCAMTAGCRC COGATCCURUC GYGTTTACOG ACCIGECCTC CGR
CTG GCTSGGGCEE CACARATGEC TGGACCGEAS GCATCTGTTG TCSCTCAAGS TUGTOGAGGE GTTCGTCLLIG TAGGGACAGT

CETBACGACC OGTTAT

- P HT T E P ¥ L ME Y F
CCCCACATAC LACH

E P E
CGRGCUC ATGCOTGATEG RATACCCGGA G

BGUSRGTICT ASCAGOTCCT CRRCCAGGSC ATCCCTGTCG

AP L
T

A I T R
. TCAGE

b

T & A 2 R ? P B F
& CAGGOGCCCA GAGGRTUTOCA GRTCC

GEGHTSTGIG GIGECTIREE T

Table 12 7xHBD/mEF 1 nucleic acid se

TACC TTATOGGGCT

G GTCBAGSTGE

TCTGROCAGT GTCCSOGSET CICCGAAGST CTRGGTT

8§ &§ 1 » DD F &R L L 5 ¢ I 8 8
ICT CCAGCATTGC. CGRTRIGGAC TTCABUGICC TGCIGTCCCA GAT
A GGTCCTAACC GCICTALUIS AAGTIGOOGG ACTACALGCT CIA

quence (SEQ ID NO: 41)

Tagttaataatctacaatagttaataatctacaatagtiaataatctacaatagtiaataatctacaatagtiaataatctacaatagttaataatctacaat

agitaataalctacaa

Table 13 Her2t nucleic acid (SEQ ID NO: 44) and amino acid sequence (SEQ 1D NO: 45)

HER2t (CHP) Nuclecotide and Amino Acid Sequence

¥ r F L
CCAGTRTTCC
GGLCHETRAGG ABSACIAGGG TAUGET

2 C Q2 F
fexed

Y X b PP F CV A K CP S8

g TP I N CTE £ OV

TCAGC CCCAGAATGE CTCAGTGZ
CTCACAGTCS GGSTCTIACC GAGTUACISG ACAAAACCTIC GLUTCCEACT GEITACACAC CGGACACGGH

ML LIV T 5L L L CE L P X
ATGUT TCTCCTGGTC ACARGCCTTC TGCTCTGTGA GTTACCACAC
TACGA AGAGGACCAC TGTTCGEANG ACGAGACACT CARIGGUGTC

X6 s vT CFGPF¥ EAD DCV ACAE
< TGTTTTGGAC CGGAGGLTIGE CCAGTGISTS GCCTETGLCC

. G VXK DL S ¥YMP I ¥ X F P LE EG 2
PCTATARGGA CCCTCCCTTC TGCGTGGCCE GCTGITCCAE CGGTGTGAAR CCTGACTTCT CCTACATGCC CATCTGGRAG TTTCCAGATG AGGAGGGLGS
TGATATTCCT GGGAGGGAAL ACGLACCEEG OGACGGISTC GCCACACTTT GGACTGGAGA GGATGTACGE GTAGACTTTC AMAGSTCTAC TCCTCCCGLG

51

L D Db X GC P AE QR AS PF LT 8 I1IT

ATGCCAGCCT TGUCCCATCA ACTGCACCCAR CTCCTSTSIG GACCTGGATG ACAAGGGCIG GCCCGCOGAG CAGAGAGCCH GCCCTCIGAC GTCCATCATC
TACGGTCEGA ACSGGETAGT TGRUGTGGGT GAGSACACAC CTGGACCTAC TGTTCCCGAC GGGGCGGCTC GTCTCTCGGT CGBGAGACTG CAGGTAGTAG

L. VvV VvV L 5V

GCTIGGETCETE GICTTSSSEE 1T
CGRCCAGCAC CAGRATCCCOC ACCAGAAACC CTAGGARGTAG ACT

vVFE T LTI *

BTCTTTEE GATCCTCATC TG
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Table 14 DHFRdm nucleic acid (SEQ ID NO: 46) and amino acid (SEQ 1D NO: 47)

DHFRdm Nucleotide and Amino Acid Sequence

M V & 5 L N
ATGETTG GITCECTARA
TACCAAC CAAGOGATTT
¢ I ¥ AV £ ¢ ¥ M S I ¢ K ¥ & DF PWUP 2 L E X¥XE SR Y FQQ EMNMNT

CTGCATCGTC GCTGTGTCCC AGRACATGGS CATCGGCARG AACGGESACT TCCCCTGGCC ACOGTICAGG ARTGAATCCA GATATTTCCA GAGRATGACC
GACGTAGCAC TGACRCROCC TCTIGTACCC GTACCCCTTC TTCL Ok ACGGEACCES TOCCCRGTCC TTACTTAGGT CTATAAAGCT CTCTTACTGG

M 6 X K £ W F & 1 ¥ E X NR P L K & K I

P, TGCCTIAGAL GACCIGGTTC TCCATICCTG AGAAGARTCS ACCTTIAAMG GGT?’.G}JLIT’\‘
CTT CTGBACCAAS AGGTARGGAC TCTTCTTAGC THGARATITC CCATOTTRAT

T T £ 8§ ¥V E G XK QN LV
ACAKCCTCTT CA ARCC TIAACAGAAT CTGEIC
TGTTGGAGAA GTCATCTTCC ETTTGTCTTA GACCACTART ACTIATT

1L v 3
ATTEAGT TAGH
THARTCAAGA GICGT

< L X E P P Q G A E L § B S I L L A L KX LI EZQ
A CTCARGGAAC CTTCCACRAGE ACGCICETT TCCACGAA GTCT2GATGA TGCCTTARRA CTTACTGRAC AACTACAR
GRETTCCTTE GAGCTCITCC TCGAGTAAAL GAARGETCIT CAGATCTACT ACGGAATITT GAATGACTTC TTSGICTTAL

cA R XKV D oMV oW IV & & 8 S ¥ Y K E A M K F & H L K L F Vv T kK 1
AGCRAATAAR GTAGACATCC TCISGATAGT TGETGGUAGT TCICTITATA AGGARGCCAT GAATCACCCA GGCCATCTTA AACTATTICT GACHAGGATC
TCGTTTATTT CATCTGTACC ACACCOTATCH ALK 2 BGRCRERTAT T

T 7 F
£ CARCL
T GIGUARAARR

M ¢ I F
ATGCAAGALY 415
TACGTTUTGR AR

K G I K ¥ ¥ ¥ E VvV Y
AGARAGGCALT TAACTRACARE TITSAAG
1T RARC
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WHAT IS CLAIMED IS:

1.

L2

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.

The system of claim 1, wherein the drug is tamoxifen and/or its metabolites.

The system of claim 2, wherein the first promoter comprises a nucleic acid sequence

of SEQ ID NO: 41,

The system of any one of claims 1-3, wherein the second promoter is a constitutive

promoter.
The system of claim 4, wherein the second promoter is the EFlop.

The system of any one of claims 1-5, wherein the transcriptional activator comprises a

sequence of SEQ ID NO: 40.

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.
The system of claim 7, wherein both vectors are packaged in a viral vector.

The system of claim 8, wherein the viral vector is a lentivirus.

-151-



10.

11.

14.

15.

16.

The system of any one of claims 1-6, wherein the first and second nucleic acid

comprise a vector.

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.

. The system of anyone of claims 1-11, wherein the second nucleic acid further

comprises a nucleic acid coding for a selectable marker.

. 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

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

coding for a transcriptional activator for the inducible promoter.

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.

The system of any one of claims 1-14 wherein the first promoter is in opposite

orientation to the second promoter.

The system of any one of claims 1-15, wherein the ligand binding domain is an

antibody fragment.



17.

18.

19.

21.

24.

25.

The system of claim 16. wherein the ligand binding domain is single chain variable

fragment.

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.

A chimeric receptor polypeptide coded for by the first second and/or second nucleic

acid of the system of any onc of claims 1-18 or 34-38.

. A host cell comprising a system of any one of claims 1-18 or 34-38.

The host cell of claim 20, 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.

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

cells.

. A composition comprising a host cell of any one of claims 20-22 or 39-40, in a

pharmaceutically acceptable excipient.

The composition of claim 23 comprising a host cell of claim 21 and a host cell of

claim 22.

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 T lymphocyte population

and expanding each T lymphocyte population in vitro.
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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 sclected 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 stem 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 1 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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