TRANSGENIC T CELL AND CHIMERIC ANTIGEN RECEPTOR T CELL
COMPOSITIONSAND RELATED METHODS

1. CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of United SsalReovisional application No.
62/323,623, filed April 15, 2016, United States\Bsmnal application No. 62/323,675, filed
April 16, 2016, United States Provisional applioatNo. 62/461,677, filed February 21, 2017,
and United States Provisional application no. 62/243, filed February 22, 2017, each of which

is incorporated by reference herein in its entirety

2. REFERENCE TO SEQUENCE LISTING SUBMITTED ELECTRONICALLY

[0002]  This application incorporates by reference a Secpiersting with this application as
an ASCII text file entitled “13542-043-228 SL.txdfeated on April 7, 2017, and having a size
of 76,426 bytes.

3. FIELD

[0003] The present invention relates generally to immua@thy, and more specifically to

immunotherapy using engineered immune cells sudhcadls.

4. BACKGROUND

[0004] Targeted immunotherapies rely on the use of imnuoatle or molecules that engage
immune cells to treat a variety of diseases, inolydancer, infectious and autoimmune
disorders (Miller & SadelairCancer Cell. 27(4):439-49 (2015); Sabatos-Peyton etGury .

Opin. Immunol. 22(5):609-615 (2010); McLeod & Anderto@urr. Opin. Pharmacol. 23:1-108
(2015)). Recently, the genetic modification ofdllg to express chimeric antigen receptors
(CARSs) that target tumor antigens has allowed tleeessful eradication of leukemic cells in
humans (Brentjens et ak;i. Trandl. Med. 5(177):177ra38. doi: 10.1126/scitranslmed.3005930
(2013)). In the latter approach, the complemendyA (cDNA) encoding the CAR is delivered

to T cells via integration-competent gamma-retnas&s or lentiviruses. These recombinant viral



vectors require a viral integrase enzyme, whichlgaés the integration of the viral DNA into
the human genome in a semi-random manner (Scheb@érCell 110(4):521-529 (2002); Wu

et al.,Science 300(5626):1749-1751 (2003)). A third approach esakse of a DNA

transposition mechanism, whose components canliverdel into the cells without the need of
viral particles. In this case, a DNA transposaseies out the integration of the DNA transposon
(containing the gene(s) of interest) into the humganome, also in a semi-random fashion (Yant
et al.,Mol. Cdll. Biol. 25(6):2085-2094 (2005)). All the above-mentiogete delivery methods
produce a T cell population exhibiting heterogerseGAR expression due to different genomic
locations of the integrated vector. This “varieghéxpression” limits the number of cells with a
CAR expression that is optimal for target cell mttion and for T cell activation strength. In
addition, this uncontrolled DNA integration may ewtially result in insertional mutagenesis,
which can either activate a proto-oncogene or inafet a tumor suppressor gene. Another
limitation of these genetic modification approaclethat T cells still express their antigen
receptor, known as TCR, which can still participatantigen recognition, thus activating the
CAR T cell. This potential side effect limits thee of autologous CAR T cells in patients with
autoimmune disorders, or the use of allogeneic GARIIs in any recipient, two circumstances
where the T cell may attack the recipient’s tisqigasising autoimmunity in the first instance
and graft versus host disease (GvHD) in the latter)

[0005]  The genetic modification of cells through homologoecombination permits the
precise integration of exogenous DNA at chosen gensites (Cappechi et aNat. Rev. Genet.
6(6):507-512 (2005)). Such targeted delivery heenlrecently described where a promoter-
containing CAR construct was targeted into the C@iREs in human primary T cells, which
allowed the modified T cells to kill tumor celisvitro (Sather et al$ci. Transl. Med.
7(307):307ral56. doi: 10.1126/scitransImed.aac33605)). Though interesting, the authors
did not show whether CAR expression driven by tiéDvpromoter can be maintained constant
in the CCR5 locus, and more importantly, they ditlshow that the level of CAR expression
was optimal to eradicate tumor celtsvivo. In addition, CCRS5 disruption has been linkearno
increased susceptibility to West Nile virus infeati(Lim et al, Trends Immunol. 27(7):308-312
(2006)).



[0006]  Adoptive immunotherapy using chimeric antigen récep(CARS) has shown
remarkable clinical results in the treatment okkmia and is one of the most promising new
strategies to treat cancer. Current clinical prok® utilize autologous T cells that are collected
by apheresis and engineered with retroviral vedtmstably express the CAR, which is
responsible for the recognition of an extracell@lamor molecule, and for the activation of the
engineered T cell. This approach requires paseastific cell manufacturing, which
unavoidably results in patient-to-patient varidpiln the final cell product. Widespread
implementation of this approach will further requprogress in automation and miniaturization
of cell manufacturing to meet the demand for CABells. Furthermore, current approaches
utilize randomly integrating vectors, including gaae-retroviral, lentiviral and transposons,
which all result in semi-random integration andiaile expression of the CAR owing to
transgene variegation. Position effects may resuieterogeneous T cell function, transgene
silencing and, potentially, insertional oncogenedikus, the conjunction of autologous cell
sourcing and random vector integration is prongeioerating cell products with variable

potency.

[0007] Different tailored nucleases, including CRISPR/Csygftem, Zinc Finger Nucleases
or TAL effector nucleases (TALENS), have been prasly used for gene disruption in a wide
range of human cells including primary T cells.sthime instances, these nucleases have been
used to generate so-called “universal T cells’a@dwgeneic administration, by disrupting T cell
receptor (TCR) or HLA class | expression, but virettors or the sleeping beauty transposon
were used to deliver the CAR cDNA, all of whichuktsn semi-random transgene integration

and its downstream consequences.

[0008] To address the negative impact that TCR expressanhave on the alloreactivity of
CAR T cells, a number of laboratories have desigagdred nucleases (zinc-finger nuclease,
TALE nuclease, and CRISPR/Cas9 nuclease) thatfggadigi target and cleave the 5' end of the
constant region of the TCR alpha or beta chainy@sicet alNat. Med. 18(5):807-815 (2012);
Poirot et al. Cancer Res. 75(18):3853-3864 (2015); Osborn et Bql. Ther. 24(3):570-581
(2016)). The cleavage at either site results irADNodifications incorporated through the DNA
repair mechanism called non-homologous end joi{iWMgEJ). The mutated region prevents

correct splicing between the rearranged V(D)J gentistheir respective constant region, thus



impeding the proper assembly of the TCR complaketell surface. These TCR negative
cells, which were disabled for causing GVHD, wérert used to express CARs that were
delivered with transposons or lentiviruses (Torigal.,Blood 119(24):5697-5705 (2012);

Poirot et al. Cancer Res. 75(18):3853-3864 (2015)). Though these CAR Tsdedive the
advantage of not expressing a TCR that can caudé¢DGthey still present the above-mentioned
pitfalls due to the semi-random integration of @8R gene (variegated expression, insertional

mutagenesis).

[0009] Previously described approaches for geneticallyneaging a cell, such as a T cell,
include the use of inducible promoters within vivattors (e.g., NFAT promoter in a retroviral
vector, or synNotch constructs), or the use of kmalecules that control transcription or
protein aggregation (Ponomarev et lepplasia 3(6):480-488 (2001); Zhang et &pl. Ther.
19(4): 751-759 (2011); Roybal et alell 167(2):419-432, e16 (2016): Wu et &cjence
16;350(6258):aab4077 (2015); Juillerat etdi, report 18950 (2016)). These approaches are
vulnerable to a number of complications and basrigrcluding variegated expression of
randomly integrated transgenes, the necessityfanienous drug infusion and
pharmacodynamic limitations of these drugs, and umogenicity of some of the protein
components used in some of these approachesd@meric transcription factors, immunogenic

protein domains).

[0010] Chimeric antigen receptors (CARS) are synthetiepéars that redirect and
reprogram T cells to mediate tumour rejection (daret al. Curr. Opin. Immunol. 33:9-15
(2015)). The most successful CARs used to datéhase targeting CD19 (Brentjens et hlat.
Med. 9:279-286 (2003)), which offer the prospect of pbete remissions in patients with
chemorefractory/relapsed B cell malignancies (Sadgl. Clin. Invest. 125:3392-3400 (2015)).
CARs are typically transduced into patient T calsgy-retroviral (Sadelain et alNinth
International Immunology Congress, Budapest, 88:34 (1992)) or other randomly integrating
vectors (Wang et alMol. Ther. Oncolytics 3:16015 (2016)), which may result in clonal
expansion, oncogenic transformation, variegatetsgane expression and transcriptional
silencing (Ellis,Hum. Gene. Ther. 16:1241-1246 (2005); Riviere et d@lpod 119:1107-1116
(2012); von Kalle et alkHlum. Gene Ther. 25:475-481 (2014)). Recent advances in genome

editing enable efficient sequence-specific intetiars in human cells (Wright et aCell



164:29-44 (2016); Tsai et aNat. Rev. Genet. 17:300-312 (2016)), including targeted gene
delivery to the CCR5 and AAVSL1 loci (Lombardo et Bat. Methods 8:861-869 (2011); Sather
et al.,Sci. Trangdl. Med. 7:307ra156 (2015)).

[0011] Thus, there exists a need for therapies to pramgeoved treatment using
immunotherapy, such as treatment of cancer or aliseases. The present invention satisfies
this need.

5. SUMMARY OF THE INVENTION

[0012] The invention is reflected by the claims presemectin and as described below.
The present invention relates to T cells wherdairaasgene is integrated within the genome of
the T cells such that expression of the transgeneader the control of an endogenous promoter,

and to methods of using such cells.

[0013] In one aspect, provided herein is a T cell wheadiransgene is integrated at a first
site within the genome of the T cell such that egpion of the transgene is under control of an
endogenous promoter of the T cell, wherein thesggane encodes a therapeutic protein or
therapeutic nucleic acid. In certain embodimethies transgene encodes a therapeutic protein.
In certain embodiments, the transgene encodegsapthgic nucleic acid. In certain
embodiments, the transgene is integrated at aessiigd within the genome. In certain
embodiments, the transgene is integrated at tves wiithin the genome of the cell. In certain
embodiments, the first site is an exon of the eedogs gene under control of the endogenous
promoter. In a particular embodiment, the firg¢ & within the first exon of the endogenous

gene.

[0014] In certain embodiments of a T cell wherein a tramsgis integrated at a first site
within the genome of the T cell as described abtheegendogenous promoter is constitutive. In
certain embodiments, the endogenous promotergteanistitutive is selected from the group
consisting of CD4 promoter, CD8a promoter, CD8mprter, TCRa promoter, TCRb promoter,
CD3d promoter, CD3g promoter, CD3e promoter, an@Lpromoter.

[0015] In certain embodiments of a T cell wherein a tremggis integrated at a first site

within the genome of the T cell as described abtheegendogenous promoter is active in a



subset of T cells. In certain embodiments, theogedous promoter that is active in a subset of
T cells is selected from the group consisting o#4Gibomoter, CD8a promoter, CD8b promoter,
TCRa promoter, TCRb promoter, CD3d promoter, CD@grwter, CD3e promoter, CD3z
promoter, actin promoter, CD25 promoter, IL2 proenp€D69 promoter, GzmB promoter, T-
bet promoter, IFNgamma promoter, TIM3 promoter, itdmoter, GATA3 promoter, IL5
promoter, IL13 promoter, IL10 promoter, IL17A proten IL6 promoter, IL21 promoter, IL23R
promoter, FoxP3 promoter, CTLA4 promoter, CD25 poten, PD1 promoter, CD45R0O
promoter, CCR7 promoter, CD28 promoter, CD95 premd@D28 promoter, CD27 promoter,
CD127 promoter, PD-1 promoter, CD122 promoter, Cbg®moter, KLRG-1 promoter, HLA-
DR promoter, CD38 promoter, CD69 promoter, Ki-6@moter, CD11la promoter, CD58
promoter, CD99 promoter, CD62L promoter, CD103 prten CCR4 promoter, CCR5
promoter, CCR6 promoter, CCR9 promoter, CCR10 ptem&XCR3 promoter, CXCR4
promoter, CLA promoteiGranzyme A promotefGranzyme B promoteRerforin promoter,
CD57 promoter, CD161 promoter, IL-18Ra promoteKit promoter, and CD130 promoter.

[0016] In certain embodiments of a T cell wherein a tramsgis integrated at a first site

within the genome of the T cell as described abtheeendogenous promoter is inducible.

[0017] In certain embodiments, the endogenous promotéeighducible is induced by
activation of the T cell. In certain embodimenkte endogenous promoter that is inducible is
induced by binding of a chimeric antigen recep@AR), a chimeric co-stimulatory receptor
(CCR), T cell receptor (TCR), CD28, CD27, or 4-1BBoressed by the T cell to its respective
binding partner. In certain embodiments, the priamis induced by binding of a CAR, CCR or
TCR expressed by the T cell to its respective Ipigghiartner. In certain embodiments, the
promoter induced by binding of a CAR, CCR or TCRressed by the T cell to its respective
binding partner is selected from the group consistif nuclear factor of activated T cells
(NFAT) promoter, programmed death 1 (PD-1) promodesell immunoglobulin mucin-3 (TIM-
3) promoter, cytotoxic T lymphocyte antigen-4 (CT4)Apromoter, lymphocyte-activation
protein 3 (LAG-3) promoter, tumor necrosis factoNE)-related apoptosis-inducing ligand
(TRAIL) promoter, B- and T-lymphocyte attenuatoiT{BA\) promoter, CD25 promoter, CD69
promoter, Fas ligand (FasL) promoter, TIGIT promotend 2B4 promoter.



[0018] In certain embodiments, the endogenous promotéidiaducible is induced by
binding of a ligand to an inhibitory receptor exgsed by the T cell. In certain embodiments
where the promoter is induced by binding of a Idyjgman inhibitory receptor expressed by the T
cell, the inhibitory receptor is selected from tgreup consisting of PD-1, CTLA4, TRAIL,

LAG-3, BTLA, TIM-3, Fas, TIGIT, and 2B4. In certaembodiments where the promoter is
induced by binding of a ligand to an inhibitory eptor expressed by the T cell, the promoter is

selected from the group consisting of CPT1a promeantd ATGL promoter.

[0019] In certain embodiments, the endogenous promoteéidiaducible is induced by
binding of a cytokine to a cytokine receptor expegsby the T cell. In certain embodiments
where the promoter is induced by binding of a ciyteko a cytokine receptor expressed by the T
cell, the cytokine is selected from the group csiisg of interleukin 2 (IL2), interleukin 7 (IL7),
interleukin 15 (IL15), and interleukin 21 (IL21)n certain embodiments where the promoter is
induced by binding of a cytokine to a cytokine ggoe expressed by the T cell, the cytokine is
selected from the group consisting of interleukdn(fL10) and transforming growth factfr
(TGH3). In certain embodiments where the promoterdsiaed by binding of a cytokine to a
cytokine receptor expressed by the T cell, the ptems selected from the group consisting of

T-bet promoter, Eomes promoter, GATA3 promoter, @bI5RA promoter.

[0020] In certain embodiments, the endogenous promoteéidiaducible is induced by
contact of the cell with a nucleic acid. In cartembodiments where a promoter is induced by
contact of the cell with a nucleic acid, the nuclecid is selected from the group consisting of
viral DNA, viral, RNA, and intracellular microRNAIn certain embodiments, where the
promoter is induced by contact with a nucleic agbtbcted from the group consisting of viral
DNA, viral, RNA, and intracellular microRNA, theg@moter is selected from the group
consisting of Type | interferon (IFN) alpha, TypH-N beta, IRF3, IRF7, NFkB, AP-1, TNF-
alpha, IL1, and IL6.

[0021] In certain embodiments, the endogenous promotéighducible is induced by
contact of the cell with a metabolite. In certambodiments, the metabolite is selected from the

group consisting of pyruvate, glutamine, and bgtdrtixybutyrate.



[0022] In certain embodiments, the endogenous promoteighaducible is induced by a
metabolic change in the cell or contact of the wéth a substance that causes a metabolic
change in the cell. In a particular embodimerg,ghomoter induced by a metabolic change in
the cell or contact of the cell with a substan@# ttauses a metabolic change in the cell is PKM2

promoter.

[0023] In certain embodiments, the endogenous promoteigtaducible is induced by a
particular ion concentration in the cell or contaicthe cell with a particular ion concentration.
In certain embodiments, the ion is potassium azigal. In certain embodiments, the promoter
induced by a particular ion concentration in thik @econtact of the cell with a particular ion
concentrations selected from the group consisting of IL2 proanpoT NFalpha promoter, and

IFNgamma promoter.

[0024] In certain embodiments of a T cell wherein a tremggis integrated at a first site
within the genome of the T cell as described abtheefransgene encodes a molecule selected
from the group consisting of a CAR, a CCR, a cytekia dominant negative, a
microenvironment modulator, an antibody, a biosersahimeric receptor ligand (CRL), a
chimeric immune receptor ligand (CIRL), a solul@eaptor, a solute transporter, an enzyme, a
ribozyme, a genetic circuit, an epigenetic modjfeetranscriptional activator, a transcriptional

repressor, and non-coding RNA.

[0025] In certain embodiments, the transgene encode&iogt In one embodiment,
optionally the cytokine is immunostimulatory. lartain embodiments, the cytokine that is
immunostimulatory is selected from the group cdirggsof IL2, IL12, IL15, and IL18. In
another embodiment, optionally the cytokine is inmminhibitory. In certain embodiments, the

cytokine that is immunoinhibitory is selected freime group consisting of TGFBeta and 1L10.

[0026] In certain embodiments, the transgene encodestdiody. In certain embodiments,
optionally the antibody is selected from the greopsisting of an immunoglobulin, a Bi-specific
T-cell engager (BITE), a diabody, a dual affinigstargeting (DART), a Fab, a F(ab’), a single

chain variable fragment (scFv), and a nanobody.



[0027] In certain embodiments, the transgene encodes a QAR particular embodiment,

the CAR binds to a cancer antigen.

[0028] In certain embodiments of a T cell wherein a tremsggis integrated at a first site

within the genome of the T cell as described abthesT cell is sensitized to a target antigen.

[0029] In certain embodiments of a T cell wherein a tramsgis integrated at a first site
within the genome of the T cell as described abaueansgene (hereinafter “reporter
transgene”) encoding a reporter molecule is integravithin the genome of the T cell such that
expression of the reporter transgene is under aloottia promoter, preferably an endogenous

promoter of the T cell.

[0030] In certain embodiments of a T cell wherein a tramsgis integrated at a first site
within the genome of the T cell as described abtheT cell is derived from a human. In
certain embodiments of a T cell derived from a hapntlae T cell is a primary human T cell, a T
cell derived from a CD34 hematopoietic stem cell,@ll derived from an embryonic stem cell,

or a T cell derived from an induced pluripotennsteell.

[0031] In certain embodiments of a T cell wherein a tramsgis integrated at a first site
within the genome of the T cell as described abthestfransgene is integrated into the first site
by targeted homologous recombination. In certanb@liments, the targeted homologous
recombination is carried out by a method comprisisigg a zinc-finger nuclease (ZFN), a
transcription activator-like effector nuclease (TA\l), a clustered regularly-interspersed short
palindromic repeats (CRISPR) associated prote{de®9), Cpfl, pyrogen, Aureus,

Meganuclease or a Mega-Tal.

[0032] In certain embodiments of a T cell wherein a tramsgis integrated at a first site
within the genome of the T cell as described abthesfransgene is integrated at a plurality of
sites within the genome of the T cell, and such éxaression of the transgene at the plurality of

sites is under the control of different endogenmasnoters.

[0033] In another aspect, provided herein is a T cell wimea first transgene is integrated at
a first site within the genome of the T cell sulshttexpression of the first transgene is under

control of a first endogenous promoter of the T, @ld wherein a second transgene is integrated



at a second site within the genome of the T cetthghat expression of the second transgene is
under the control of a second endogenous promaterein the first and second endogenous
promoters are different promoters, and whereirfiteetransgene encodes a first therapeutic
protein or first therapeutic nucleic acid, and $keeond transgene encodes a second therapeutic
protein or second therapeutic nucleic acid, prélgravherein the first therapeutic protein or first
therapeutic nucleic acid is different from the settherapeutic protein or second therapeutic
nucleic nucleic, respectively. In certain emboditsethe first transgene encodes a first
therapeutic protein. In certain embodiments, itst fransgene encodes a first therapeutic
nucleic acid. In certain embodiments, the secoarusgene encodes a second therapeutic
protein. In certain embodiments, the second tramsg@ncodes a second therapeutic nucleic

acid.

[0034] In certain embodiments of a T cell wherein a firahsgene is integrated at a first site
within the genome and a second transgene is irieghed a second site within the genome of the
cell, the first endogenous promoter is constitytaued the second endogenous promoter is
inducible. In certain embodiments, the constitifwvomoter is selected from the group
consisting of CD4 promoter, CD8a promoter, CD8muter, TCRa promoter, TCRb promoter,
CD3d promoter, CD3g promoter, CD3e promoter, an@Lpromoter.

[0035] In certain embodiments of a T cell wherein a firahsgene is integrated at a first site
within the genome and a second transgene is irieghed a second site within the genome of the
cell, and wherein the first endogenous promotepisstitutive, and the second endogenous
promoter is inducible, the first endogenous promatel/or the second endogenous promoter is
active in a subset of T cells. In certain emboditagethe first endogenous promoter and/or the
second endogenous promoter is independently sdl&ot@ the group consisting of CD4
promoter, CD8a promoter, CD8b promoter, TCRa premdiCRb promoter, CD3d promoter,
CD3g promoter, CD3e promoter, CD3z promoter, gatomoter, CD25 promoter, IL2

promoter, CD69 promoter, GzmB promoter, T-bet prtandFNgamma promoter, TIM3
promoter, IL4 promoter, GATA3 promoter, IL5 promigtl13 promoter, IL10 promoter, IL17A
promoter, IL6 promoter, IL21 promoter, IL23R promgtFoxP3 promoter, CTLA4 promoter,
CD25 promoter, PD1 promoter, CD45R0O promoter, C@RMoter, CD28 promoter, CD95
promoter, CD28 promoter, CD27 promoter, CD127 priemd’D-1 promoter, CD122 promoter,

10



CD132 promoter, KLRG-1 promoter, HLA-DR promoteD&8 promoter, CD69 promoter, Ki-
67 promoter, CD11a promoter, CD58 promoter, CD@8mater, CD62L promoter, CD103
promoter, CCR4 promoter, CCR5 promoter, CCR6 prem@CR9 promoter, CCR10 promoter,
CXCR3 promoter, CXCR4 promoter, CLA promotéranzyme A promoteGranzyme B
promoter Perforin promoterCD57 promoter, CD161 promoter, IL-18Ra promoteKit

promoter, and CD130 promoter.

[0036] In certain embodiments of a T cell wherein a firahsgene is integrated at a first site
within the genome and a second transgene is irieghed a second site within the genome of the
cell, and wherein the first endogenous promotepisstitutive, and the second endogenous

promoter is inducible, the inducible promoter iduned by activation of the T cell.

[0037] In certain embodiments of a T cell wherein a firahsgene is integrated at a first site
within the genome and a second transgene is iritehed a second site within the genome of the
cell, and wherein the first endogenous promoteorsstitutive, and the second endogenous
promoter is inducible, the inducible promoter iduned by binding of a chimeric antigen
receptor (CAR), a chimeric co-stimulatory recedto€R), T cell receptor (TCR), CD28, CD27,
and 4-1BB expressed by the T cell to its respediiading partner. In certain embodiments, the
inducible promoter is induced by binding of a CAFCR or TCR expressed by the T cell to its
respective binding partner. In certain embodimaritsre the inducible promoter is induced by
binding of a CAR, CCR or TCR expressed by the Ttodls respective binding partner, the
inducible promoter is selected from the group cstivgy of nuclear factor of activated T cells
(NFAT) promoter, programmed death 1 (PD-1) promodEesell immunoglobulin mucin-3 (TIM-
3) promoter, cytotoxic T lymphocyte antigen-4 (CTA)Apromoter, lymphocyte-activation
protein 3 (LAG-3) promoter, tumor necrosis factoNE)-related apoptosis-inducing ligand
(TRAIL) promoter, B- and T-lymphocyte attenuatoiT{B\) promoter, CD25 promoter, CD69
promoter, Fas ligand (FasL) promoter, TIGIT promoéed 2B4 promoter.

[0038] In certain embodiments of a T cell wherein a firahsgene is integrated at a first site
within the genome and a second transgene is iritehed a second site within the genome of the
cell, and wherein the first endogenous promotepisstitutive, and the second endogenous

promoter is inducible, the inducible promoter iduned by binding of a ligand to an inhibitory

11



receptor expressed by the T cell. In certain enmbents, the inhibitory receptor is selected from
the group consisting of PD-1, CTLA4, TRAIL, LAG-BTLA, TIM-3, Fas, TIGIT, and 2B4. In
certain embodiments, the inducible promoter isctetéfrom the group consisting of CPT1a

promoter and ATGL promoter.

[0039] In certain embodiments of a T cell wherein a firahsgene is integrated at a first site
within the genome and a second transgene is irieghed a second site within the genome of the
cell, and wherein the first endogenous promotepisstitutive, and the second endogenous
promoter is inducible, the inducible promoter iduned by binding of a cytokine to a cytokine
receptor expressed by the T cell. In certain enmbents, the cytokine is selected from the group
consisting of interleukin 2 (IL2), interleukin 7L({), interleukin 15 (IL15), and interleukin 21
(IL21). In certain embodiments, the cytokine ikested from the group consisting of interleukin
10 (IL10) and transforming growth factr(TGH3). In certain embodiments, the inducible
promoter is selected from the group consisting-teT promoter, Eomes promoter, GATA3

promoter, and CD45RA promoter.

[0040] In certain embodiments of a T cell wherein a firahsgene is integrated at a first site
within the genome and a second transgene is irieghed a second site within the genome of the
cell, and wherein the first endogenous promoteorsstitutive, and the second endogenous
promoter is inducible, the inducible promoter iduned by contact of the cell with a nucleic
acid. In certain embodiments, the nucleic acgkiected from the group consisting of viral
DNA, viral, RNA, and intracellular microRNA. In dain embodiments where the inducible
promoter is induced by contact of the cell withal/iDNA, viral, RNA, or intracellular

microRNA, the inducible promoter is selected frdrma group consisting of Type | interferon
(IFN) alpha, Type | IFN beta, IRF3, IRF7, NFkB, ARPTNF-alpha, IL1, and IL6.

[0041] In certain embodiments of a T cell wherein a firahsgene is integrated at a first site
within the genome and a second transgene is irieghed a second site within the genome of the
cell, and wherein the first endogenous promoteprsstitutive, and the second endogenous
promoter is inducible, the inducible promoter iduned by contact of the cell with a metabolite.
In certain embodiments, the metabolite is selefrtad the group consisting of pyruvate,

glutamine, and beta-hydroxybutyrate.
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[0042] In certain embodiments of a T cell wherein a firahsgene is integrated at a first site
within the genome and a second transgene is irieehjed a second site within the genome of the
cell, and wherein the first endogenous promoteprsstitutive, and the second endogenous
promoter is inducible, the inducible promoter iduned by a metabolic change in the cell or
contact of the cell with a substance that causastabolic change in the cell. In certain

embodiments, such an inducible promoter is PKM2ruter.

[0043] In certain embodiments of a T cell wherein a firahsgene is integrated at a first site
within the genome and a second transgene is irieghed a second site within the genome of the
cell, and wherein the first endogenous promotepisstitutive, and the second endogenous
promoter is inducible, the inducible promoter iduned by a particular ion concentration in the
cell or contact of the cell with a particular iooncentration. In certain embodiments, the ion is
potassium or calcium. In certain embodiments witeeenducible promoter is induced by a
particular ion concentration in the cell or contaicthe cell with a particular ion concentration,
the inducible promoter is selected from the groomststing of IL2 promoter, TNFalpha

promoter, and IFNgamma promoter.

[0044] In certain embodiments of a T cell wherein a firahsgene is integrated at a first site
within the genome and a second transgene is iritzhed a second site within the genome of the
cell, as described above, the first transgene aséfmnd transgene each encodes a molecule
independently selected from the group consisting 6AR, a CCR, a cytokine, a dominant
negative, a microenvironment modulator, an antibadyiosensor, a chimeric receptor ligand
(CRL), a chimeric immune receptor ligand (CIRL}s@uble receptor, a solute transporter, an
enzyme, a ribozyme, a genetic circuit, an epigematidifier, a transcriptional activator, a

transcriptional repressor, and non-coding RNA.

[0045] In certain embodiments of a T cell wherein a firahsgene is integrated at a first site
within the genome and a second transgene is iritehed a second site within the genome of the
cell, as described above, the first transgene aséfmnd transgene encodes a cytokine. In
certain embodiments wherein the first and/or se¢cartsgene encodes a cytokine, the cytokine
preferably is immunostimulatory. In certain emboédnts where the cytokine is

immunostimulatory, the cytokine is selected from g¢fnoup consisting of IL2, IL12, IL15, and
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IL18. In certain embodiments wherein the firshggene and/or second transgene encodes a
cytokine, the cytokine preferably is immunoinhibyto In certain embodiments where the
cytokine is immunoinhibitory, the cytokine is sekst from the group consisting of TGFBeta and
IL10.

[0046] In certain embodiments of a T cell wherein a firahsgene is integrated at a first site
within the genome and a second transgene is irieghed a second site within the genome of the
cell, as described above, the first transgene aseéfond transgene encodes an antibody. In
certain embodiments, the antibody is an immunodinpa Bi-specific T-cell engager (BiTE), a
diabody, a dual affinity re-targeting (DART), a FabF(ab"), a single chain variable fragment

(scFv), and a nanobody.

[0047] In certain embodiments of a T cell wherein a firahsgene is integrated at a first site
within the genome and a second transgene is irieehed a second site within the genome of the
cell, as described above, the first transgene aséfmnd transgene encodes a CAR. Ina

particular embodiment, the CAR binds to a cancégan.

[0048] In certain embodiments of a T cell wherein a firahsgene is integrated at a first site
within the genome and a second transgene is irieghed a second site within the genome of the

cell, as described above, the T cell is sensitigeadtarget antigen.

[0049] In certain embodiments of a T cell wherein a firahsgene is integrated at a first site
within the genome and a second transgene is iriezhed a second site within the genome of the
cell, as described above, a transgene (hereirfadfgorter transgene”) encoding a reporter
molecule is integrated within the genome of theell such that expression of the reporter

transgene is under control of a promoter, prefgrablendogenous promoter of the T cell.

[0050] In certain embodiments of a T cell wherein a firahsgene is integrated at a first site
within the genome and a second transgene is irieehed a second site within the genome of the
cell, as described above, the T cell is derivethfeohuman. In certain embodiments of a T cell
derived from a human, the T cell is a primary hurasell, a T cell derived from a CD34
hematopoietic stem cell, a T cell derived from exbeyonic stem cell, or a T cell derived from

an induced pluripotent stem cell.
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[0051] In certain embodiments of a T cell wherein a firahsgene is integrated at a first site
within the genome and a second transgene is irieehed a second site within the genome of the
cell, as described above, the first transgene alséfmnd transgene is integrated into the first
site by targeted homologous recombination. Inacembodiments, the targeted homologous
recombination is carried out by a method comprisisigg a zinc-finger nuclease (ZFN), a
transcription activator-like effector nuclease (T#\), a clustered regularly-interspersed short
palindromic repeats (CRISPR) associated prote{de®9), Cpfl, pyrogen, Aureus,
Meganuclease or a Mega-Tal.

[0052] In certain embodiments of a T cell wherein a firahsgene is integrated at a first site
within the genome and a second transgene is irieghed a second site within the genome of the
cell, as described above, the first therapeutitemar first therapeutic nucleic acid is different

from said second therapeutic protein or secondfertic nucleic nucleic, respectively.

[0053] In certain embodiments of a T cell wherein a firahsgene is integrated at a first site
within the genome and a second transgene is irieghed a second site within the genome of the
cell, and wherein the first endogenous promoteorsstitutive, and the second endogenous

promoter is inducible, the second endogenous preminduced by activation of the T cell.

[0054] In certain embodiments of a T cell wherein a firahsgene is integrated at a first site
within the genome and a second transgene is iriezhjed a second site within the genome of the
cell, and wherein the first endogenous promotepisstitutive, and the second endogenous
promoter is inducible, the first transgene enc@€AR. In a particular embodiment where the
first transgene encodes a CAR, the first endogepoarsoter is a T cell receptor promoter. In
certain embodiments, the T cell receptor promateseiected from the group consisting of T cell
receptor alpha chain promoter, T cell receptor bbtan promoter, CD3 gamma chain promoter,
CD3 delta chain promoter, CD3 epsilon chain promated CD3 zeta chain promoter. In a

particular embodiment, the promoter is T cell réceplpha chain promoter.

[0055] In certain embodiments of a T cell described abexegpt insofar as the foregoing
embodiments relate to a transgene encoding a egdRkat is immunoinhibitory, for example,
TGFbeta or IL10, the T cell is an immunostimulat®rgell. In certain embodiments where the

T cell is an immunoinhibitory T cell, the T cellsglected from the group consisting of cytotoxic
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T lymphocyte (CTL), CD4+ subtype, CD8+ subtype,tc@mmemory T cell (TCM), stem
memory T cell (TSCM), effector memory T cell, effecT cell, Th1 cell, Th2 cell, Th9 cell,
Th17 cell, Th22 cell, and Tth (follicular helpe®It In a specific embodiment, the T cell is
CD4+. In a specific embodiment, the T cell is CD8+

[0056] In certain embodiments of a T cell described abexeept insofar as the foregoing
embodiments relate to a transgene encoding a edkat is immunostimulatory, for example,
the cytokine is selected from the group consistiht.2, IL12, IL15, and IL18, the T cell is an

immunoinhibitory T cell. In a specific embodimetite T cell is a regulatory T cell.

[0057] In another aspect, provided herein is an isolatgmijation of T cells, which

comprises a plurality of the T cell of the embodntsedescribed above. In certain embodiments,
the isolated population of T cells comprises thenimostimulatory T cells described above. In
certain embodiments, the isolated population oéllsccomprises the immunoinhibitory T cells
described above.

[0058] In another aspect, provided herein is a pharmazdtomposition comprising a
therapeutically effective amount of the T cell loé tmbodiments described above; and a
pharmaceutically acceptable carrier. In anothpeets provided herein is a pharmaceutical
composition comprising a therapeutically effec@eount of a population of T cells, which
population comprises a plurality of the T cell bétembodiments described above; and a

pharmaceutically acceptable carrier.

[0059] In another aspect, provided herein is a pharma@womposition comprising a
therapeutically effective amount of the T cell loé ttmbodiments described above, wherein the
T cell is the immunostimulatory T cell describeded; and a pharmaceutically acceptable
carrier. In another aspect, provided herein isarmaceutical composition comprising a
therapeutically effective amount of a populatiorTafells, which population comprises a
plurality of the T cell of the embodiments descdlaove, wherein the T cell is the

immunostimulatory T cell described above; and aiplaaeutically acceptable carrier.

[0060] In another aspect, provided herein is a pharmazdutomposition comprising a

therapeutically effective amount of the T cell loé ttmbodiments described above, wherein the
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T cell is the immunoinhibitory cell described abpsad a pharmaceutically acceptable carrier.
In another aspect, provided herein is a pharmaz@utomposition comprising a therapeutically
effective amount of a population of T cells, whpbpulation comprises a plurality of the T cell

of the embodiments described above, wherein thellTscthe immunoinhibitory T cell described

above; and a pharmaceutically acceptable carrier.

[0061] In another aspect, provided herein is a methodeatihg a subject with T cell therapy
in need thereof, comprising administering to thigjesct a therapeutically effective amount of the
T cell of the embodiments described above. Infaradspect, also provided herein is a method
of treating a subject with T cell therapy in nelkdreof, comprising administering to the subject
a therapeutically effective amount of the T celpplation of the embodiments described above.
In yet another aspect, provided herein is a metiidceating a subject with T cell therapy in
need thereof, comprising administering to the sutlifee pharmaceutical composition of the
embodiments described above.

[0062] In certain embodiments of methods of the inventieascribed above, the subject is a
human, and the T cell is derived from a humanceinain embodiments of the methods of the
invention described above, the T cell is autologou$e subject. In certain embodiments of the

methods of the invention described above, the Mxabn-autologous to the subject.

[0063] In another aspect, provided herein is a methodeating a subject with T cell therapy
in need thereof, wherein the subject is in need stimulated immune response, comprising
administering to the subject a therapeutically@fi® amount of a cell or population of cells,
wherein the cell is a T cell, wherein a transganategrated at a first site within the genome of
the T cell such that expression of the transgenader control of an endogenous promoter of
the T cell, wherein the transgene encodes a thetiageotein or therapeutic nucleic acid. In
certain embodiments, the cell or cell populatioadsinistered to the subject as a
pharmaceutical composition. In certain embodimeahtstransgene encodes a therapeutic

protein. In certain embodiments, the transgenedex a therapeutic nucleic acid.

[0064] In certain embodiments of the methods of treatisglgect with T cell therapy in
need thereof, wherein the subject is in need tihautated immune response as described above,

the transgene is integrated at a single site withengenome. In certain embodiments, wherein

17



the transgene is integrated at two sites withirggr@ome of the cell. In certain embodiments,
wherein the first site is an an exon of the endogsrgene under control of the endogenous

promoter. In a specific embodiment, the first stevithin the first exon of the endogenous gene.

[0065] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need ¢tihautated immune response as described above,
the endogenous promoter is constitutive. In ceranbodiments, the constitutive promoter is
selected from the group consisting of CD4 promd@®8a promoter, CD8b promoter, TCRa
promoter, TCRb promoter, CD3d promoter, CD3g prandfD3e promoter, and CD3z

promoter.

[0066] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need ¢tihautated immune response as described above,
the endogenous promoter is active in a subsetoall$. In certain embodiments where the
endogenous promoter is active in a subset of B,délé endogenous promoter is selected from
the group consisting of CD4 promoter, CD8a promd@®8b promoter, TCRa promoter, TCRb
promoter, CD3d promoter, CD3g promoter, CD3e pr@mdD3z promoter, actin promoter,
CD25 promoter, IL2 promoter, CD69 promoter, GzmBrpoter, T-bet promoter, IFNgamma
promoter, TIM3 promoter, IL4 promoter, GATA3 proreqgtIL5 promoter, IL13 promoter, IL10
promoter, IL17A promoter, IL6 promoter, IL21 proregtlL23R promoter, FoxP3 promoter,
CTLA4 promoter, CD25 promoter, PD1 promoter, CD45pR0moter, CCR7 promoter, CD28
promoter, CD95 promoter, CD28 promoter, CD27 prandfD127 promoter, PD-1 promoter,
CD122 promoter, CD132 promoter, KLRG-1 promoter AHDR promoter, CD38 promoter,
CD69 promoter, Ki-67 promoter, CD11a promoter, Cps@moter, CD99 promoter, CD62L
promoter, CD103 promoter, CCR4 promoter, CCR5 ptem&CR6 promoter, CCR9 promoter,
CCR10 promoter, CXCR3 promoter, CXCR4 promoter, GitdmoterGranzyme A promoter,
Granzyme B promoteRerforin promoterCD57 promoter, CD161 promoter, IL-18Ra promoter,

c-Kit promoter, and CD130 promoter.

[0067] In certain embodiments of the methods of treatisglgect with T cell therapy in
need thereof, wherein the subject is in need tihautated immune response as described above,

the endogenous promoter is inducible.
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[0068] In certain embodiments of the methods of treatisglgect with T cell therapy in
need thereof, wherein the subject is in need tihautated immune response and the endogenous
promoter is inducible, as described above, the gaalmus promoter is induced by activation of
the T cell. In certain embodiments where the erdogs promoter is induced by activation of
the T cell, the promoter is induced by binding ahémeric antigen receptor (CAR), a chimeric
co-stimulatory receptor (CCR), T cell receptor (ICBD28, CD27, or 4-1BB expressed by the
T cell to its respective binding partner. In certambodiments, the promoter is induced by
binding of a CAR, CCR or TCR expressed by the Ttodls respective binding partner. In
certain embodiments where the promoter is indugedifding of a CAR, CCR or TCR
expressed by the T cell to its respective bindiagner, the promoter is selected from the group
consisting of nuclear factor of activated T ceN§AT) promoter, programmed death 1 (PD-1)
promoter, T cell immunoglobulin mucin-3 (TIM-3) proter, cytotoxic T lymphocyte antigen-4
(CTLA4) promoter, lymphocyte-activation proteinl3AG-3) promoter, tumor necrosis factor
(TNF)-related apoptosis-inducing ligand (TRAIL) proter, B- and T-lymphocyte attenuator
(BTLA) promoter, CD25 promoter, CD69 promoter, kigand (FasL) promoter, TIGIT

promoter, and 2B4 promoter.

[0069] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need tihautated immune response and the endogenous
promoter is inducible, as described above, the ptems induced by binding of a ligand to an
inhibitory receptor expressed by the T cell. In&@a embodiments, the inhibitory receptor is
selected from the group consisting of PD-1, CTLARAIL, LAG-3, BTLA, TIM-3, Fas,

TIGIT, and 2B4. In certain embodiments where trawter is induced by binding of a ligand

to an inhibitory receptor expressed by the T ¢k#, promoter is selected from the group

consisting of CPT1a promoter and ATGL promoter.

[0070] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need tihautated immune response and the endogenous
promoter is inducible, as described above, the ptems induced by binding of a cytokine to a
cytokine receptor expressed by the T cell. Inaterembodiments, the cytokine is selected from
the group consisting of interleukin 2 (IL2), intwkin 7 (IL7), interleukin 15 (IL15), and

interleukin 21 (IL21). In certain embodiments wédne promoter is induced by binding of a
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cytokine to a cytokine receptor expressed by tloelll the promoter is selected from the group
consisting of T-bet promoter, Eomes promoter, GATASmoter, and CD45RA promoter.

[0071] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need tihautated immune response and the endogenous
promoter is inducible, as described above, the ptemis induced by contact of the cell with a
nucleic acid. In certain embodiments, the nuckeid is selected from the group consisting of
viral DNA, viral, RNA, and intracellular microRNAIn certain embodiments where the

promoter is induced by contact of the cell withugleic acid selected from the group consisting
of viral DNA, viral, RNA, and intracellular microRA the promoter is selected from the group
consisting of Type | interferon (IFN) alpha, TypH-N beta, IRF3, IRF7, NFkB, AP-1, TNF-
alpha, IL1, and IL6.

[0072] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need tihautated immune response and the endogenous
promoter is inducible, as described above, the ptems induced by contact of the cell with a
metabolite. In certain embodiments, the metabdiselected from the group consisting of

pyruvate, glutamine, and beta-hydroxybutyrate.

[0073] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need tihautated immune response and the endogenous
promoter is inducible, as described above, the ptems induced by a metabolic change in the
cell or contact of the cell with a substance tlzatses a metabolic change in the cell. In a
specific embodiment where the promoter is induged metabolic change in the cell or contact

of the cell with a substance that causes a metablotinge in the cell, the promoter is PKM2

promoter.

[0074] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need tihautated immune response and the endogenous
promoter is inducible, as described above, the ptems induced by a particular ion
concentration in the cell or contact of the cellhaa particular ion concentration. In certain
embodiments, the ion is potassium or calcium. elmain embodiments the promoter is induced

by a particular ion concentration in the cell ontaxt of the cell with a particular ion
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concentration, the promoter is selected from tloeigiconsisting of IL2 promoter, TNFalpha

promoter, and IFNgamma promoter.

[0075] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need tihautated immune response, as described
above, the transgene encodes a molecule seleotadhe group consisting of a CAR, a CCR, a
cytokine, a dominant negative, a microenvironmeatintator, an antibody, a biosensor, a
chimeric receptor ligand (CRL), a chimeric immueeeaptor ligand (CIRL), a soluble receptor, a
solute transporter, an enzyme, a ribozyme, a geoetiuit, an epigenetic modifier, a

transcriptional activator, a transcriptional regaas and non-coding RNA.

[0076] In certain embodiments of the methods of treatisglgect with T cell therapy in
need thereof, wherein the subject is in need tihautated immune response, as described
above, the transgene encodes a cytokine. In oextabodiments, optionally the cytokine is
immunostimulatory. In certain embodiments wheeedittokine is immunostimulatory, the

cytokine is selected from the group consistingléf, lIL12, IL15, and 1L18.

[0077]  In certain embodiments of the methods of treatisglgect with T cell therapy in
need thereof, wherein the subject is in need tihautated immune response, as described
above, the transgene encodes an antibody. Inrcertdbodiments, optionally the antibody is
selected from the group consisting of an immunogjioba Bi-specific T-cell engager (BITE), a
diabody, a dual affinity re-targeting (DART), a FabF(ab"), a single chain variable fragment
(scFv), and a nanobody.

[0078] In certain embodiments of the methods of treatisglgect with T cell therapy in
need thereof, wherein the subject is in need tihautated immune response, as described
above, the transgene encodes a CAR. In a speaiiiodiment, the CAR binds to a cancer
antigen.

[0079] In certain embodiments of the methods of treatisglgect with T cell therapy in
need thereof, wherein the subject is in need tihautated immune response, as described

above, the T cell is sensitized to a target antigen
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[0080] In certain embodiments of the methods of treatisglgect with T cell therapy in
need thereof, wherein the subject is in need tihautated immune response, as described
above, a transgene (hereinafter “reporter transyeneoding a reporter molecule is integrated
within the genome of the T cell such that exprassibthe reporter transgene is under control of

a promoter. Preferably, such a promoter is an gaaaus promoter of the T cell.

[0081] In certain embodiments of the methods of treatisglgect with T cell therapy in
need thereof, wherein the subject is in need tihautated immune response, as described
above, the T cell is derived from a human. Inaiarembodiments, the T cell is a primary
human T cell, a T cell derived from a CD34 hematejpo stem cell, a T cell derived from an

embryonic stem cell, or a T cell derived from aduged pluripotent stem cell.

[0082] In certain embodiments of the methods of treatisglgect with T cell therapy in
need thereof, wherein the subject is in need tihautated immune response, as described
above, the transgene is integrated into the fitstly targeted homologous recombination. IN
certain embodiments, the targeted homologous re@tibn is carried out by a method
comprising using a zinc-finger nuclease (ZFN)aas$cription activator-like effector nuclease
(TALEN), a clustered regularly-interspersed shatirmiromic repeats (CRISPR) associated
protein 9 (Cas9), Cpfl, pyrogen, Aureus, Meganwsdera a Mega-Tal.

[0083] In certain embodiments of the methods of treatisglgect with T cell therapy in
need thereof, wherein the subject is in need tihautated immune response, as described
above, the transgene is integrated at a plurdlisjtes within the genome of the T cell, and such
that expression of the transgene at the plurafigites is under the control of different

endogenous promoters.

[0084] In certain embodiments of the methods of treatisglgect with T cell therapy in
need thereof, wherein the subject is in need tihautated immune response, as described
above, the T cell is an immunostimulatory T cdf.certain embodiments, the T cell is selected
from the group consisting of cytotoxic T lymphocY&TL), CD4+ subtype, CD8+ subtype,
central memory T cell (TCM), stem memory T cell O8), effector memory T cell, effector T
cell, Thl cell, Th2 cell, Th9 cell, Th17 cell, Th2&ll, and Tfh (follicular helper) cell. In a

specific embodiment, the T cell is CD4+. In anothgecific embodiment, the T cell is CD8+.
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[0085] In certain embodiments of the methods of treatisglgect with T cell therapy in
need thereof, wherein the subject is in need tihautated immune response, as described above

the subject has cancer. In a specific embodintleatcancer is leukemia.

[0086] In certain embodiments of the methods of treatisglgect with T cell therapy in
need thereof, wherein the subject is in need tihautated immune response, as described

above, the subject has a tumor.

[0087] In certain embodiments of the methods of treatisglgect with T cell therapy in
need thereof, wherein the subject is in need tihautated immune response, as described

above, the subject is a human, and the T cellisetkfrom a human.

[0088] In certain embodiments of the methods of treatisglgect with T cell therapy in
need thereof, wherein the subject is in need tihautated immune response, as described
above, the T cell is autologous to the subjectceltain embodiments of the methods of treating
a subject with T cell therapy in need thereof, weirethe subject is in need of a stimulated

immune response, as described above, the T gedhisautologous to the subject.

[0089] In another aspect, provided herein is a methodeatihg a subject with T cell therapy
in need thereof, wherein the subject is in neeahahhibited immune response, comprising
administering to the subject a therapeutically@fie® amount of a cell or population of cells,
wherein the cell is a T cell, wherein a transgenategrated at a first site within the genome of
the T cell such that expression of the transgen@ader control of an endogenous promoter of
the T cell, wherein the transgene encodes a thetiageotein or therapeutic nucleic acid. In
certain embodiments, the cell or cell populatioadsiinistered as a pharmaceutical composition.
In certain embodiments, the transgene encodesapthgic protein. In certain embodiments,

the transgene encodes a therapeutic nucleic acid.

[0090] In certain embodiments of the methods of treatisglgect with T cell therapy in
need thereof, wherein the subject is in need ahlibited immune response, as described above,
the transgene is integrated at a single site withengenome. In certain embodiments, the

transgene is integrated at two sites within theogenof the cell. In certain embodiments, the
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first site is an an exon of the endogenous generwwhtrol of the endogenous promoter. In a

particular embodiment, the first site is within fivst exon of the endogenous gene.

[0091] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need ahlibited immune response, as described above,
the endogenous promoter is constitutive. In ceranbodiments, the constitutive promoter is
selected from the group consisting of CD4 promd@®8a promoter, CD8b promoter, TCRa
promoter, TCRb promoter, CD3d promoter, CD3g prandfD3e promoter, and CD3z

promoter.

[0092] In certain embodiments of the methods of treatisglgect with T cell therapy in
need thereof, wherein the subject is in need ahhibited immune response, as described above,
the endogenous promoter is active in a subsetoall$. In certain embodiments, the
endogenous promoter that is active in a subseta&($ is selected from the group consisting of
CD4 promoter, CD8a promoter, CD8b promoter, TCRarmter, TCRb promoter, CD3d
promoter, CD3g promoter, CD3e promoter, CD3z pr@matctin promoter, CD25 promoter,

IL2 promoter, CD69 promoter, GzmB promoter, T-betmoter, IFNgamma promoter, TIM3
promoter, IL4 promoter, GATA3 promoter, IL5 promotl13 promoter, IL10 promoter, IL17A
promoter, IL6 promoter, IL21 promoter, IL23R promgtFoxP3 promoter, CTLA4 promoter,
CD25 promoter, PD1 promoter, CD45R0O promoter, C@RMoter, CD28 promoter, CD95
promoter, CD28 promoter, CD27 promoter, CD127 pri@md’D-1 promoter, CD122 promoter,
CD132 promoter, KLRG-1 promoter, HLA-DR promoteD&8 promoter, CD69 promoter, Ki-
67 promoter, CD11a promoter, CD58 promoter, CD@8rmter, CD62L promoter, CD103
promoter, CCR4 promoter, CCR5 promoter, CCR6 prem@CR9 promoter, CCR10 promoter,
CXCR3 promoter, CXCR4 promoter, CLA promotéranzyme A promoteGranzyme B
promoter Perforin promoterCD57 promoter, CD161 promoter, IL-18Ra promoteKit

promoter, and CD130 promoter.

[0093] In certain embodiments of the methods of treatisglgect with T cell therapy in
need thereof, wherein the subject is in need ahhibited immune response, as described above,

the endogenous promoter is inducible.
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[0094] In certain embodiments of the methods of treatisglgect with T cell therapy in
need thereof, wherein the subject is in need ahlamited immune response and the endogenous
promoter is inducible, as described above, the gaalmus promoter is induced by activation of
the T cell. In certain embodiments where the erdogs promoter is induced by activation of
the T cell, the promoter is induced by binding ahémeric antigen receptor (CAR), a chimeric
co-stimulatory receptor (CCR), T cell receptor (ICBD28, CD27, or 4-1BB expressed by the
T cell to its respective binding partner. In certambodiments, the promoter is induced by
binding of a CAR, CCR or TCR expressed by the Ttodls respective binding partner. In
certain embodiments where the promoter is indugedifding of a CAR, CCR or TCR
expressed by the T cell to its respective bindiagner, the promoter is selected from the group
consisting of nuclear factor of activated T ceN§AT) promoter, programmed death 1 (PD-1)
promoter, T cell immunoglobulin mucin-3 (TIM-3) proter, cytotoxic T lymphocyte antigen-4
(CTLA4) promoter, lymphocyte-activation proteinl3AG-3) promoter, tumor necrosis factor
(TNF)-related apoptosis-inducing ligand (TRAIL) proter, B- and T-lymphocyte attenuator
(BTLA) promoter, CD25 promoter, CD69 promoter, kgand (FasL) promoter, TIGIT

promoter, and 2B4 promoter.

[0095] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need ahlamited immune response and the endogenous
promoter is inducible, as described above, the ptems induced by binding of a ligand to an
inhibitory receptor expressed by the T cell. In&@a embodiments, the inhibitory receptor is
selected from the group consisting of PD-1, CTLARAIL, LAG-3, BTLA, TIM-3, Fas,

TIGIT, and 2B4. In certain embodiments where trawter is induced by binding of a ligand

to an inhibitory receptor expressed by the T ¢k#, promoter is selected from the group
consisting of CPT1a promoter and ATGL promoter.

[0096] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need ahlamited immune response and the endogenous
promoter is inducible, as described above, the ptems induced by binding of a cytokine to a
cytokine receptor expressed by the T cell. Inateémbodiments, the cytokine is selected from
the group consisting of interleukin 10 (IL10) anansforming growth factdd (TGH3). In

certain embodiments where the promoter is indugetifding of a cytokine to a cytokine
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receptor expressed by the T cell, the promoteglecsed from the group consisting of T-bet

promoter, Eomes promoter, GATA3 promoter, and CD¥4piRomoter.

[0097] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need ahlibited immune response and the endogenous
promoter is inducible, as described above, the ptemis induced by contact of the cell with a
nucleic acid. In certain embodiments, the nuceid is selected from the group consisting of
viral DNA, viral, RNA, and intracellular microRNAIn certain embodiments where the

promoter is induced by contact of the cell withugleic acid selected from the group consisting
of viral DNA, viral, RNA, and intracellular microRA the promoter is selected from the group
consisting of Type | interferon (IFN) alpha, TypH-N beta, IRF3, IRF7, NFkB, AP-1, TNF-
alpha, IL1, and IL6.

[0098] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need ahlamited immune response and the endogenous
promoter is inducible, as described above, the ptems induced by contact of the cell with a
metabolite. In certain embodiments, the metabdiselected from the group consisting of

pyruvate, glutamine, and beta-hydroxybutyrate.

[0099] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need ahlamited immune response and the endogenous
promoter is inducible, as described above, the ptems induced by a metabolic change in the
cell or contact of the cell with a substance tlaatses a metabolic change in the cell. In certain
embodiments where the promoter is induced by abo&tachange in the cell or contact of the

cell with a substance that causes a metabolic ehentipe cell, the promoter is PKM2 promoter.

[00100] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need ahlibited immune response and the endogenous
promoter is inducible, as described above, the ptems induced by a particular ion
concentration in the cell or contact of the cellhna particular ion concentration. In certain
embodiments, the ion is potassium or calcium. elmatn embodiments where the promoter is

induced by a particular ion concentration in thik @econtact of the cell with a particular ion
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concentration, the promoter is selected from tloeigiconsisting of IL2 promoter, TNFalpha

promoter, and IFNgamma promoter.

[00101] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need ahlibited immune response, as described above,
the transgene encodes a molecule selected frogralg consisting of a CAR, a CCR, a
cytokine, a dominant negative, a microenvironmeatintator, an antibody, a biosensor, a
chimeric receptor ligand (CRL), a chimeric immueeeaptor ligand (CIRL), a soluble receptor, a
solute transporter, an enzyme, a ribozyme, a geoetiuit, an epigenetic modifier, a

transcriptional activator, a transcriptional regaas and non-coding RNA.

[00102] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need ahhibited immune response, as described above,
the transgene encodes a cytokine. In certain emmigods, optionally the cytokine is
immunoinhibitory. In certain embodiments, the éyte that is immunoinhibitory is selected

from the group consisting of TGFBeta and IL10.

[00103] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need ahlibited immune response, as described above,
the transgene encodes an antibody. In certain éimigats, optionally the antibody is selected
from the group consisting of an immunoglobulin,iesBecific T-cell engager (BIiTE), a diabody,

a dual affinity re-targeting (DART), a Fab, a Fjah'single chain variable fragment (scFv), and

a nanobody.

[00104] In certain embodiments of the methods of treatisglgect with T cell therapy in
need thereof, wherein the subject is in need ahlibited immune response, as described above,

the transgene encodes a CAR. In a specific emlmdjrthe CAR binds to a cancer antigen.

[00105] In certain embodiments of the methods of treatisglgect with T cell therapy in
need thereof, wherein the subject is in need ahlibited immune response, as described above,
the T cell is sensitized to a target antigen.

[00106] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need ahlibited immune response, as described above,
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a transgene (hereinafter “reporter transgene”) @ngoa reporter molecule is integrated within
the genome of the T cell such that expressionefdéporter transgene is under control of a

promoter. Preferably, the reporter is under cdmtf@an endogenous promoter of the T cell.

[00107] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need ahhibited immune response, as described above,
the T cell is derived from a human. In certain ediments, the T cell is a primary human T

cell, a T cell derived from a CD34 hematopoietensicell, a T cell derived from an embryonic

stem cell, or a T cell derived from an induced iplotent stem cell.

[00108] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need ahhibited immune response, as described above,
the transgene is integrated into the first sitédogeted homologous recombination. In certain
embodiments, the targeted homologous recombin&tioarried out by a method comprising
using a zinc-finger nuclease (ZFN), a transcripaiotivator-like effector nuclease (TALEN), a
clustered regularly-interspersed short palindrorapeats (CRISPR) associated protein 9 (Cas9),

Cpfl, pyrogen, Aureus, Meganuclease or a Mega-Tal.

[00109] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need ahlibited immune response, as described above,
the transgene is integrated at a plurality of sitegkin the genome of the T cell, and such that
expression of the transgene at said pluralitytekss under the control of different endogenous

promoters.

[00110] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need ahlibited immune response, as described above,
the T cell is an immunoinhibitory T cell. In a sifec embodiment, the immunoinhibitory T cell

is a regulatory T cell.

[00111] In certain embodiments of the methods of treatisglgect with T cell therapy in
need thereof, wherein the subject is in need ahhibited immune response, as described above,

the subject is a human, and the T cell is derivechfa human.
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[00112] In certain embodiments of the methods of treatisglgect with T cell therapy in

need thereof, wherein the subject is in need ahhibited immune response, as described above,
the cell is autologous to the subject. In certambodiments of the methods of treating a subject
with T cell therapy in need thereof, wherein thbjsat is in need of an inhibited immune

response, as described above, the cell is nonesyatos to the subject.

[00113] In another aspect, provided herein is a methotoérating a T cell that expresses a
therapeutic transgene, comprising: introducing anfocell: (i) a transgene, and (ii) a
homologous recombination system suitable for tedj@itegration of the transgene at a site
within the genome of the cell, whereby the homolegeecombination system integrates the
transgene at the site within the genome of the aetl wherein expression of the transgene is
under the control of an endogenous promoter, whéehe transgene encodes a therapeutic
protein or a therapeutic nucleic acid. In cerenmbodiments, the transgene encodes a

therapeutic protein. In certain embodiments, thedgene encodes a therapeutic nucleic acid.

[00114] In certain embodiments of the methods of generatigell that expresses a
therapeutic transgene, as described above, thgendas promoter is constitutive. In certain
embodiments, the endogenous constitutive promsteelected from the group consisting of
CD4 promoter, CD8a promoter, CD8b promoter, TCRarmter, TCRb promoter, CD3d
promoter, CD3g promoter, CD3e promoter, and CD8muter.

[00115] In certain embodiments of the methods of generatigell that expresses a
therapeutic transgene, as described above, thgendas promoter is active in a subset of T
cells. In certain embodiments where the endogepousoter is active in a subset of T cells, the
endogenous promoter is selected from the groupstorgof CD4 promoter, CD8a promoter,
CD8b promoter, TCRa promoter, TCRb promoter, CDQuarter, CD3g promoter, CD3e
promoter, CD3z promoter, actin promoter, CD25 prtandL2 promoter, CD69 promoter,
GzmB promoter, T-bet promoter, IFNgamma promotévj3 promoter, IL4 promoter, GATA3
promoter, IL5 promoter, IL13 promoter, IL10 promotk17A promoter, IL6 promoter, IL21
promoter, IL23R promoter, FoxP3 promoter, CTLA4muater, CD25 promoter, PD1 promoter,
CD45RO0O promoter, CCR7 promoter, CD28 promoter, Cp@noter, CD28 promoter, CD27
promoter, CD127 promoter, PD-1 promoter, CD122 witam CD132 promoter, KLRG-1
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promoter, HLA-DR promoter, CD38 promoter, CD69 pater, Ki-67 promoter, CD11a
promoter, CD58 promoter, CD99 promoter, CD62L preenaCD103 promoter, CCR4
promoter, CCR5 promoter, CCR6 promoter, CCR9 prem@CR10 promoter, CXCR3
promoter, CXCR4 promoter, CLA promot&ranzyme A promotefGranzyme B promoter,
Perforin promoterCD57 promoter, CD161 promoter, IL-18Ra promoteKit promoter, and
CD130 promoter.

[00116] In certain embodiments of the methods of generatigell that expresses a

therapeutic transgene, as described above, thggendas promoter is inducible.

[00117] In certain embodiments of the methods of generatiiigcell that expresses a
therapeutic transgene and where the endogenou®f@ois inducible, as described above, the

endogenous promoter is induced by activation offticell.

[00118] In certain embodiments of the methods of generatigell that expresses a
therapeutic transgene and where the endogenou®faois inducible, as described above, the
promoter is induced by binding of a chimeric antigeceptor (CAR), a chimeric co-stimulatory
receptor (CCR), T cell receptor (TCR), CD28, CD&7d 4-1BB expressed by the T cell to its
respective binding partner. In certain embodimethis promoter is induced by binding of a
CAR, CCR or TCR expressed by the T cell to its eeige binding partner. In certain
embodiments where the promoter is induced by bandira CAR, CCR or TCR expressed by
the T cell to its respective binding partner, thenpoter is selected from the group consisting of
nuclear factor of activated T cells (NFAT) promoterogrammed death 1 (PD-1) promoter, T
cell immunoglobulin mucin-3 (TIM-3) promoter, cytotic T lymphocyte antigen-4 (CTLA4)
promoter, lymphocyte-activation protein 3 (LAG-3pmoter, tumor necrosis factor (TNF)-
related apoptosis-inducing ligand (TRAIL) promot®f,and T-lymphocyte attenuator (BTLA)
promoter, CD25 promoter, CD69 promoter, Fas ligdfakL) promoter, TIGIT promoter, and
2B4 promoter.

[00119] In certain embodiments of the methods of generatigell that expresses a
therapeutic transgene and where the endogenousfaois inducible, as described above, the
promoter is induced by binding of a ligand to ahilitory receptor expressed by the T cell. In

certain embodiments, the inhibitory receptor i®stdd from the group consisting of PD-1,
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CTLA4, TRAIL, LAG-3, BTLA, TIM-3, Fas, TIGIT, and B4. In certain embodiments where
the promoter is induced by binding of a ligand narahibitory receptor expressed by the T cell,

the promoter is selected from the group consistinQPT1a promoter and ATGL promoter.

[00120] In certain embodiments of the methods of generatigell that expresses a
therapeutic transgene and where the endogenou®f@ois inducible, as described above, the
promoter is induced by binding of a cytokine toytokine receptor expressed by the T cell. In
certain embodiments where the promoter is indugetifding of a cytokine to a cytokine
receptor expressed by the T cell, the cytokineliscsed from the group consisting of interleukin
2 (IL2), interleukin 7 (IL7), interleukin 15 (IL15and interleukin 21 (IL21). In certain
embodiments where the promoter is induced by bgdira cytokine to a cytokine receptor
expressed by the T cell, the cytokine is seleatewh the group consisting of interleukin 10
(IL20) and transforming growth fact@r(TGH3). In certain embodiments where the promoter is
induced by binding of a cytokine to a cytokine gtoe expressed by the T cell, the promoter is
selected from the group consisting of T-bet promdiemes promoter, GATA3 promoter, and
CD45RA promoter.

[00121] In certain embodiments of the methods of generatigell that expresses a
therapeutic transgene and where the endogenou®f@ois inducible, as described above, the
promoter is induced by contact of the cell withugleic acid. In certain embodiments, the
nucleic acid is selected from the group consistiigral DNA, viral, RNA, and intracellular
microRNA. In certain embodiments where the prom@énduced by contact of the cell with a
nucleic acid selected from the group consistingii@l DNA, viral, RNA, and intracellular
microRNA, the promoter is selected from the groapsisting of Type | interferon (IFN) alpha,
Type | IFN beta, IRF3, IRF7, NFkB, AP-1, TNF-alphial, and IL6.

[00122] In certain embodiments of the methods of generatigell that expresses a
therapeutic transgene and where the endogenousf@ois inducible, as described above, the
promoter is induced by contact of the cell with @tabolite. In certain embodiments, the
metabolite is selected from the group consistingystivate, glutamine, and beta-
hydroxybutyrate.
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[00123] In certain embodiments of the methods of generatigell that expresses a
therapeutic transgene and where the endogenou®f@ois inducible, as described above, the
promoter is induced by a metabolic change in tieoceontact of the cell with a substance that
causes a metabolic change in the cell. In ceelmibodiments where the promoter is induced by
a metabolic change in the cell or contact of tHevaiéh a substance that causes a metabolic

change in the cell, the promoter is PKM2 promoter.

[00124] In certain embodiments of the methods of generatigell that expresses a
therapeutic transgene and where the endogenousf@ois inducible, as described above, the
promoter is induced by a particular ion concerpratn the cell or contact of the cell with a
particular ion concentration. In certain emboditsethe ion is potassium or calcium. In certain
embodiments where the promoter is induced by acpéat ion concentration in the cell or
contact of the cell with a particular ion concetitna, the promoter is selected from the group

consisting of IL2 promoter, TNFalpha promoter, #iflgamma promoter.

[00125] In certain embodiments of the methods of generatigell that expresses a
therapeutic transgene, as described above, thegraa encodes a molecule selected from the
group consisting of a CAR, a CCR, a cytokine, a ihamt negative, a microenvironment
modulator, an antibody, a biosensor, a chimerieptr ligand (CRL), a chimeric immune
receptor ligand (CIRL), a soluble receptor, a soteinsporter, an enzyme, a ribozyme, a genetic
circuit, an epigenetic modifier, a transcriptioaativator, a transcriptional repressor, and non-
coding RNA.

[00126] In certain embodiments of the methods of generatigell that expresses a
therapeutic transgene, as described above, thegeaa encodes a cytokine. In certain
embodiments, optionally the cytokine is immunostiaary. In certain embodiments, the
immunostimulatory cytokine is selected from theugr@onsisting of IL2, IL12, IL15, and IL18.
In certain embodiments, optionally the cytokinenisnunoinhibitory. In certain embodiments,

the immunoinhibitory cytokine is selected from tireup consisting of TGFBeta and IL10.

[00127] In certain embodiments of the methods of generatigell that expresses a
therapeutic transgene, as described above, theggaa encodes an antibody. In certain

embodiments, optionally the antibody is selectedhfthe group consisting of an
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immunoglobulin, a Bi-specific T-cell engager (BiTB)diabody, a dual affinity re-targeting
(DART), a Fab, a F(ab'), a single chain variabgfent (scFv), and a nanobody.

[00128] In certain embodiments of the methods of generatiiigcell that expresses a
therapeutic transgene, as described above, thegaa encodes a CAR. In a specific

embodiment, the CAR binds to a cancer antigen.

[00129] In certain embodiments of the methods of generatiiigcell that expresses a

therapeutic transgene, as described above, thé i§ sensitized to a target antigen.

[00130] In certain embodiments of the methods of generatigell that expresses a
therapeutic transgene, as described above, a éla@ggereinafter “reporter transgene”)
encoding a reporter molecule is integrated withengenome of the T cell such that expression
of the reporter transgene is under control of anmter, preferably an endogenous promoter of
the T cell.

[00131] In certain embodiments of the methods of generatigell that expresses a
therapeutic transgene, as described above, th# i derived from a human. In certain
embodiments, the T cell is a primary human T &g, cell derived from a CD34 hematopoietic
stem cell, a T cell derived from an embryonic staih, or a T cell derived from an induced

pluripotent stem cell.

[00132] In certain embodiments of the methods of generatigell that expresses a
therapeutic transgene, as described above, theglaa is integrated into the first site by
targeted homologous recombination. In certain efithents, the targeted homologous
recombination is carried out by a method comprisisigg a zinc-finger nuclease (ZFN), a
transcription activator-like effector nuclease (TB\), a clustered regularly-interspersed short
palindromic repeats (CRISPR) associated proteida®9), Cpfl, pyrogen, Aureus,

Meganuclease or a Mega-Tal.

[00133] In certain embodiments of the methods of generatimgell that expresses a
therapeutic transgene, as described above, theglraa is integrated at a plurality of sites within
the genome of the T cell, and such that expressidime transgene at said plurality of sites is

under the control of different endogenous promoters
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[00134] In certain embodiments of the methods of generatigell that expresses a
therapeutic transgene, as described above, thegtraa that is introduced into the cell is
contained in a targeting construct. In certain ednments, the targeting construct comprises
viral nucleic acid sequences. In certain embodis)éhe targeting construct is packaged into a
natural or recombinant adeno-associated virus (AMK4l particle. In a specific embodiment,
the AAV particle comprises AAV6 sequences. Ina@erembodiments, the targeting construct is

packaged into a non-integrating gamma-retrovirus.

[00135] In certain embodiments of the methods of generatigell that expresses a
therapeutic transgene, as described above, thegtaa in the targeting construct is not operably
linked to a promoter.

[00136] In certain embodiments of the methods of generatimgeell that expresses a
therapeutic transgene, as described above, theochiitther comprising introducing a second
transgene into the T cell. In certain embodimethis first transgene is under control of an
endogenous constitutive promoter and the secondgeme is under control of an endogenous
inducible promoter. In certain embodiments, thstiransgene is a CAR. In certain
embodiments where the transgene is a CAR, the endog constitutive promoteris a T cell
receptor promoter. In certain embodiments wheseptiomoter is a T cell receptor promoter, the
promoter is selected from the group consisting o€ll receptor alpha chain promoter, T cell
receptor beta chain promoter, CD3 gamma chain piennGD3 delta chain promoter, CD3
epsilon chain promoter, and CD3 zeta chain promdter specific embodiment, the promoter is
T cell receptor alpha chain promoter.

[00137] In another aspect, provided herein is a vector ¢mimg a non-integrating gamma-
retrovirus. In certain embodiments, the non-irkigg gamma-retrovirus comprises a mutated
integrase. In certain embodiments, the mutatexjmase is mutated at a DDE maotif. In certain
embodiments, the mutated integrase has a mutatleatsed from the group consisting of
D124A, D124E, D124N, D124V, D183A, D183N, D124A abii83A, D124A and D183N,
D124E and D183A, D124E and D183N, D124N and D183224N and D183N, D124V and
D183A, and D124V and D183N.
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[00138] In another aspect, provided herein is a T cell wimea recombinant nucleic acid
sequence encoding a chimeric antigen receptor (G2\R}egrated at a first site within the
genome of the cell such that the CAR is expresgdtiécell at the surface of the cell, and
wherein integration of the nucleic acid encoding @AR at the first site reduces or prevents
expression of a functional T cell receptor (TCRnptex at the surface of the cell. In certain
embodiments, the nucleic acid sequence encodinGAlieis integrated at a single site within
the genome. In certain embodiments, the nucletcseuence encoding the CAR is integrated
at two sites within the genome of the cell. Intaerembodiments, the first site is an an exon of

the gene encoding a protein of the TCR complex.

[00139] In certain embodiments of a T cell wherein a recmtt nucleic acid sequence
encoding a CAR is integrated at a first site witthiea genome of the cell, as described above,
integration of the nucleic acid sequence encodiegdAR at the first site reduces or prevents
expression of a protein selected from the grouisting of T cell receptor alpha chain, T cell
receptor beta chain, CD3 gamma chain, CD3 deltencl8d3 epsilon chain, and CD3 zeta

chain.

[00140] In certain embodiments of a T cell wherein a recmutt nucleic acid sequence
encoding a CAR is integrated at a first site witthie genome of the cell, as described above,
expression of the integrated nucleic acid sequantee T cell is under the control of an
endogenous promoter. In certain embodiments,riiegenous promoter is a T cell receptor
complex promoter. In certain embodiments, the gadous promoter is a promoter of a gene
encoding a T cell receptor alpha chain, T cell pgaebeta chain, CD3 gamma chain, CD3 delta

chain, CD3 epsilon chain, or CD3 zeta chain.

[00141] In certain embodiments of a T cell wherein a recioiatt nucleic acid sequence
encoding a CAR is integrated at a first site witthiea genome of the cell, as described above, the

CAR binds to a cancer antigen.

[00142] In certain embodiments of a T cell wherein a recmtt nucleic acid sequence
encoding a CAR is integrated at a first site witthiea genome of the cell, as described above, the
T cell is selected from the group consisting obtyxic T lymphocyte (CTL), CD4+ subtype,
CD8+ subtype, central memory T cell (TCM), stem rogynT cell (TSCM), effector memory T
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cell, effector T cell, Thl cell, Th2 cell, Th9 ¢ellh17 cell, Th22 cell, Tfh (follicular helper) tel
and T regulatory cell.

[00143] In certain embodiments of a T cell wherein a recioiatt nucleic acid sequence
encoding a CAR is integrated at a first site witthiea genome of the cell, as described above, the
T cell is derived from a human. In certain embaoelts, the T cell is a primary human T cell, a

T cell derived from a CD34 hematopoietic stem cell, cell derived from an embryonic stem

cell, or a T cell derived from an induced pluripdtstem cell.

[00144] In certain embodiments of a T cell wherein a recmantt nucleic acid sequence
encoding a CAR is integrated at a first site witthiea genome of the cell, as described above, the
nucleic acid sequence encoding the CAR is intedratt® the first site by targeted homologous
recombination. In certain embodiments, the tajatamologous recombination is carried out
using a zinc-finger nuclease (ZFN), a transcripacohvator-like effector nuclease (TALEN),a
clustered regularly-interspersed short palindrompeats (CRISPR) associated protein 9 (Cas9),
Cpfl, Meganuclease or a Mega-Tal.

[00145] In certain embodiments of a T cell wherein a recmutt nucleic acid sequence
encoding a CAR is integrated at a first site witthiea genome of the cell, as described above, the
nucleic acid sequence encoding the CAR is intedrate plurality of sites within the genome of
the cell, and such that expression of the nucleit sequence encoding the CAR at said plurality

of sites is under the control of a different enduges promoter.

[00146] In certain embodiments of a T cell wherein a recioiauit nucleic acid sequence
encoding a CAR is integrated at a first site witthiea genome of the cell, as described above, the
nucleic acid sequence encoding a CAR is also iatedrat a second site within the genome of
the cell such that the CAR is expressed by theatehle surface of the cell. In certain
embodiments, integration of the nucleic acid enegdihe CAR at the second site also reduces or
prevents expression of a functional TCR complekatsurface of the cell, wherein the first site
and the second site are in different genes.

[00147] In certain embodiments of a T cell wherein a recmutt nucleic acid sequence

encoding a CAR is integrated at a first site witthiea genome of the cell, as described above, a
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second nucleic acid sequence encoding a secondi€iRgrated at a second site within the
genome of the cell such that the second CAR isesgad by the cell at the surface of the cell,
and such that expression of the second nucleicsacjdence is under the control of an
endogenous promoter at the second site, whereifirshsite and the second site are in different

genes.

[00148] In another aspect, provided herein is a human wtedrein a promotor-less
recombinant nucleic acid sequence encoding a CARegrated at a site in the genome of the
cell, the site being the first exon of the TCR algiain, such that the CAR is expressed under
control of the endogenous TCR alpha chain promtiesroduce the CAR at the surface of the
cell, and wherein integration of the CAR at the séduces or prevents expression of a
functional TCR alpha chain. In certain embodimgtite CAR binds to CD19.

[00149] In another aspect, provided herein is an isolatgmifation of T cells, which
comprises a plurality of the cell described abowerein a recombinant nucleic acid sequence
encoding a CAR is integrated at a first site witthi@ genome of the cell, or a plurality of the cell
described above that is a human T cell whereiromptor-less recombinant nucleic acid
sequence encoding a CAR is integrated at a stteeigenome of the cell.

[00150] In another aspect, provided herein is a pharmazdutomposition comprising a
therapeutically effective amount of the cell ddsed above wherein a recombinant nucleic acid
sequence encoding a CAR is integrated at a filstgthin the genome of the cell, or the cell
described above that is a human T cell whereiromptor-less recombinant nucleic acid
sequence encoding a CAR is integrated at a stteeigenome of the cell; and a

pharmaceutically acceptable carrier.

[00151] In another aspect, provided herein is a pharmazd@wtomposition comprising a
therapeutically effective amount of a populatiorTafells, which population comprises a
plurality of the cell described above wherein aorabinant nucleic acid sequence encoding a
CAR is integrated at a first site within the genooh¢he cell, or the cell described above that is a
human T cell wherein a promotor-less recombinasteic acid sequence encoding a CAR is

integrated at a site in the genome of the cell;aptdarmaceutically acceptable carrier.
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[00152] In another aspect, provided herein is a methodeating a subject with CAR therapy
in need thereof, comprising administering to thigjesct a therapeutically effective amount of the
cell described above wherein a recombinant nueleid sequence encoding a CAR is integrated
at a first site within the genome of the cell, loe tell described above that is a human T cell
wherein a promotor-less recombinant nucleic aciiesace encoding a CAR is integrated at a

site in the genome of the cell.

[00153] In another aspect, provided herein is a methodeating a subject with CAR therapy
in need thereof, comprising administering to thigjsct a pharmaceutical composition described
above comprising c a therapeutically effective amiaid the cell described above wherein a
recombinant nucleic acid sequence encoding a CAReagrated at a first site within the genome
of the cell, or the cell described above thatlaiman T cell wherein a promotor-less
recombinant nucleic acid sequence encoding a CARRagrated at a site in the genome of the

cell.

[00154] In another aspect, provided herein is a methodeating a subject with CAR therapy
in need thereof, comprising administering to thigjsct a therapeutically effective amount of the
cell population described above comprising a pityralf the cell described above wherein a
recombinant nucleic acid sequence encoding a CAmReagrated at a first site within the genome
of the cell, or a plurality of the cell describdabae that is a human T cell wherein a promotor-
less recombinant nucleic acid sequence encodingRii€integrated at a site in the genome of

the cell.

[00155] In another aspect, provided herein is a methodeating a subject with CAR therapy
in need thereof, comprising administering to thieisct a pharmaceutical composition described
above comprising a therapeutically effective amaifra population of T cells, which population
comprises a plurality of the cell described abowerein a recombinant nucleic acid sequence
encoding a CAR is integrated at a first site wittha genome of the cell, or the cell described
above that is a human T cell wherein a promot@-tesombinant nucleic acid sequence

encoding a CAR is integrated at a site in the genofrthe cell.
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[00156] In certain embodiments of the methods describesl@afmr treating a subject with
CAR therapy in need thereof, the subject has caaoerthe CAR binds to a cancer antigen of

the cancer. In a specific embodiment, the carxckukemia.

[00157] In certain embodiments of the methods describesl@afmy treating a subject with

CAR therapy in need thereof, the subject has atumo

[00158] In certain embodiments of the methods describedafmr treating a subject with

CAR therapy in need thereof, the subject is a hyraad the cell is derived from a human.

[00159] In certain embodiments of the methods describesl@afmy treating a subject with
CAR therapy in need thereof, the cell is autologmuhe subject. In certain embodiments of the
methods described above for treating a subject @AR therapy in need thereof, the cell is non-

autologous to the subject.

[00160] In another aspect, provided herein is a methoenémating a T cell that expresses a
chimeric antigen receptor (CAR) and lacks a fumiar cell receptor (TCR) complex,
comprising: introducing into a T cell: (i) a nuidecid sequence encoding a CAR, and (ii) a
homologous recombination system suitable for tadj@ttegration of the nucleic acid sequence
at a site within the genome of the cell, wherelgylibmologous recombination system integrates
the nucleic acid sequence encoding the CAR atitbevithin the genome of the cell such that
integration of the CAR at the site reduces or pne&vexpression of a functional T cell receptor
complex at the surface of the cell, thereby gemegat T cell that expresses the CAR and lacks a

functional TCR complex.

[00161] In certain embodiments of a method of generatifigeall that expresses a CAR and
lacks a functional TCR complex, as described abexpression of the CAR is under the control
of an endogenous promoter. In certain embodimémtsendogenous promoter is a promoter of
a gene encoding a T cell receptor alpha chain)lTexzeptor beta chain, CD3 gamma chain,
CD3 delta chain, CD3 epsilon chain, or CD3 zetarcha

[00162] In certain embodiments of a method of generatifigceall that expresses a CAR and
lacks a functional TCR complex, as described abthe=homologous recombination system
comprises a zinc-finger nuclease (ZFN), a trantonpactivator-like effector nuclease
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(TALEN), or clustered regularly-interspersed stgatindromic repeats (CRISPR) associated
protein 9 (Cas9), Cpfl, Meganuclease or a Mega-Tal.

[00163] In certain embodiments of a method of generatiiigcall that expresses a CAR and
lacks a functional TCR complex, as described abihneenucleic acid sequence encoding the
CAR that is introduced into the cell is containeditargeting construct. In certain
embodiments, the targeting construct comprisesadssociated virus 2 (AAV2) sequences. In
certain embodiments, the targeting construct ik@ged into a natural or recombinant adeno-
associated virus (AVV) viral particle. In certambodiments, the AAV particle comprises

AAV6 sequences.

[00164] In certain embodiments of a method of generatifigcall that expresses a CAR and
lacks a functional TCR complex, as described abtinenucleic acid sequences encoding the

CAR in the targeting construct are not operablidohto a promoter.

[00165] In certain embodiments of a method of generatifigeall that expresses a CAR and
lacks a functional TCR complex, as described abiheetargeting construct comprises ind3
order: a first viral sequence, a left homology aamucleic acid sequence encoding a self-
cleaving porcine teschovirus 2A, the nucleic aeiduence encoding the CAR, a polyadenylation
sequence, a right homology arm, and a secondseguence. In certain embodiments, the first
or the second viral sequence is from an adeno-sdasirus (AAV). In certain embodiments,
the AAV is AAV2, AAV5 or AAVE.

[00166] In another aspect, provided herein is an inducedgatent stem cell, wherein a
recombinant nucleic acid sequence encoding a clarartigen receptor (CAR) is integrated at a
first site within the genome of the cell such tthet CAR is expressed by the cell at the surface of
the cell, and wherein integration of the nucleiancoding the CAR at the first site reduces or

prevents expression of a functional T cell recept@R) complex at the surface of the cell.
6. DESCRIPTION OF THE DRAWINGS

[00167] Figures 1A-1E show analysis of targeted integratiba CAR into the TCR alpha
constant (TRAC) locus. Figure 1A shows a schenwtiailored nuclease (TALEN or
CRISPR/Cas9)-induced targeted integration into BfRa constant (TRAC) locus. The
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targeting construct (AAV6) contains the CAR geramRed by homology sequences (LHA and
RHA). Once integrated CAR expression is driverii®yendogenous TCRa promoter while the
TRAC locus is disrupted. TRAV: TCR alpha varialdgion. TRAJ: TCR alpha joining region.
2A: the self cleaving Porcine teschovirus 2A segeepA: bovine growth hormone PolyA
sequence. Figure 1B shows representative TCR/T@Mrdlot 5 days after transfection of T
cells with TRAC TALEN mRNA and addition of AAV6 dhe noted MOI (multiplicity of
infection). Figure 1C shows a bar-graph of thepetage of TCR disruption (KO: knockout)
and targeted integration (KI: knockin) dependinglom AAV6 MOI. Percentages were assessed
by FACS analysis. Figure 1D shows average CAResg0n mean fluorescence intensity
(MFI) 5 days after CAR vectorization (choosing aajgted vector for expressing the CAR,
integration of the CAR coding into the cell) intcc@lls (n= 6 to 8 independent experiments).
Figure 1E shows coefficient of variation of the CAR cells measuring the dispersion in the
CAR expression (ratio of the standard deviatiotheomean). TRAC-P2A-1928z: Targeted
integration into TRAC. SFG-1928z: semi-random inddign using the SFG retrovirus. **F<
0.0001 (unpaired T-test).

[00168] Figures 2A-2E show analysis of targeted integratiba CAR into the TCR alpha
constant (TRAC) locus. Figure 2A shows flow cytbimeanalysis showing CAR and TCR
expression. TRAC-P2A-1928z were generated asgar€il; TALEN-generated TCR- cells
were transduced with SFG-1928z retrovirus; and TCE&Is were transduced with either SFG-
1928z or SGF-P28z retrovirus. Figure 2B shows dative cell counts of indicated CAR T
cells upon weekly stimulation with CD19+ targetlgelArrows indicate stimulation time points.
Figure 2C shows cytotoxic activity using an 18 ollominescence assay, using firefly luciferase
(FFL)-expressing NALMG6 as targets cells. Datarasans + SD. Figure 2D and 2E show FFL-
NALM®6 bearing mice, which were treated with 2 > TAR T cells. Tumor burden shown as
bioluminescent signal quantified per animal eveeelwover a 40-day period. Quantification is
the average photon count of ventral and dorsalisitiquns per animal at all given time points,
and it is expressed as radiance. Each line remieesae mouse. n = 7 mice per group. The

lower right figure is Kaplan-Meier analysis of sival of mice in Figure 2D and 2E.

[00169] Figures 3A-3J show th&RAC-CAR T cells outperform conventional CAR T cells by
preventing exhaustiom vivo. Figure 3A shows CRISPR/Cas9-targeted CAR getegjiation
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into theTRAC locus. Top,TRAC locus; middle, rAAV6 containing the CAR cassettanked by
homology arms; bottom, editddRAC locus. Figure 3B shows representative TCR/CAR flow
plots 4 days aftefFRAC targeting. Figures 3C and 3D show CAR mean flscgace intensity
(MFI) (Figure 3C) and CAR MFI coefficient of variea (Figure 3D) of CAR+ T cells (n = 12
independent experiments, 6 donors). Figure 3E shiaplan—Meier analysis of survival of
mice. Figures 3F-3J show NALM-6-bearing mice weeated with 1x19CAR T cells (n =7

per group; dot = one mouse), and euthanized at Hagsd 17 after infusion; bone marrow CAR
T cells and NALM-6 cells were analysed and couriedACS (TRAC-1928z, circles; RV-
1928z-TCR-, squares; RV-1928z, triangles). Fidkeshows CAR T cells. Figure 3G shows
tumour (GFP+CD19+) cells. Figure 3H shows CAR Ilsde tumour ratio. Figure 31 shows
percentage of effector memory (CD62L-CD45RA-) afidator (CD62L-CD45RA+) in CAR

T cells at day 17. Figure 3J shows percentageAdt T cells expressing exhaustion markers;
qguantified by FACS at day 17 (inhibitory receptapeession shown from inner to outer rings
TIM3, LAG3 and PD1, respectively). * P < 0.05, **40.01, *** P < 0.001, *** P < 0.0001
(Welch's two samples t-test (Figures 3C and 3D9:fank Mantel-Cox test (Figure 3E); Mann—
Whitney (Figures 3F-3l)). All data are means + sS#e also Figures 7-10.

[00170] Figures 4A-4E show thaiRAC-CAR T cells display reduced constitutive signajlin
and antigen-induced differentiation. Figure 4Awhd-ACS analysis of activation, memory and
exhaustion markers in T cells (day 5 after infusi@presentative of 3 donors; pie chart for
CD62L/D45RA expression (n = 3, 3 donors). FiguBesthows CAR expression and CD3
ITAM phosphorylation (representative of 3 donorRV-19Del, retrovirally expressed CD19-
specific CAR lacking signalling domains. Figure diibws phospho-CQ3MFI in the CAR+
population (n = 3, 3 donors; * * P < 0.05 Mann—\iey test). Figure 4D shows
CD62L/CD45RA expression in CAR T cells stimulate@® br 4 times. Pie charts show the
phenotypes of the CAR+ T cells (n = 3-5 on différ@onors) (A, CD45RA+ CD62L+; B,
CD45RA- CD62L+; C, CD45RA- CD62L-; D, CD45RA+ CD6JL Figure 4E shows heat map
of T-bet, EOMES and GATAS expression in CAR T celidlected as in Figure 4D; fold-
increase value of 1 representdT®RAC-1928z, 1 stimulation (n = 2, 2 donors). All date

means = s.d. See also Figure 12.
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[00171] Figures 5A-5G show that the endogen®B&C promoter surpasses other
locus/promoter combinations vivo. Figure 5A shows a schematic of CRISPR/Cas9-tadge
promoter-CAR integration into thERAC locus. TopTRAC locus; bottom: rAAV6 containing
the promoter-CAR-polyA cassette flanked by homolagys. Figure 5B shows a schematic of
CRISPR/Cas9-targeted promoter-less CAR integratitmtheB2M locus. TopB2M locus;
bottom: rAAV6 containing a promoter-less CAR catsé#anked by homology arms. Figure 5C
shows representative B2ZM/CAR or TCR/CAR flow plétdays after vectorization of T cells.
Figure 5D shows CAR mean fluorescence intensityljMEday 4 (n=4-7 independent
experiments; 4 donors) (TRAC-LTR-1928z, B2M-19ZBRAC-1928z and TRAC-EFi-

1928z, left to right, respectively). Figure 5SE &S0CAR expression. Left panel: CAR
expression (representative histogram) at day 4htRFACS analysis of activation, memory, and
exhaustion markers of CAR T cells at day 5 (repregeve of 3 donors). Figure 5F shows CAR
T cells stimulated on CD19+ target cells 0, 1, 2 ¢imes. Pie charts show the CD62L/CD45RA
phenotypes of CAR+ T cells (n= 3-5 independent expents on different donors) (A,
CD45RA+ CD62L+; B, CD45RA- CD62L+; C, CD45RA- CD62ID, CD45RA+ CD62L-).
Figure 5G shows tumour burden (average radiancRpaiM-6-bearing mice treated with 1x10
CAR T cells (n=6; line=one mouse). Tumour burders\wuantified weekly over a 50-day
period using bioluminescence imaging (BLI). Qufcdtion is the average photon count of
ventral and dorsal acquisitions per animal at iakkig time points. Each line represents one
mouse. Figure 5H shows Kaplan-Meier analysis efrtiice survival. (A): TRAC-EF1a-1928z
CART cells, (B): B2M-1928z CAR T cells, (C): TRACTR-1928z CAR T cells, (D): TRAC-
1928z CAR T cells, TRAC-1928z labeled as indicat&dP < 0.01, *** P < 0.001, ****P <
0.0001 (Welch’s two samples t-test for Figure 5Ig-rank Mantel-Cox test for Figure 5G;
Mann-Whitney test for Figure 5H). All data are mea SD. See also Figures 14 and 15.

[00172] Figures 6A-6F show that tAHERAC locus affords optimal regulation of cell-surface
CAR expression. Figure 6A shows a representaistedram of CAR expression before and
after co-culture with CD19+ target cells. Figui# $hows CRISPR/Cas9-targeted integration of
a CAR-GFP fusion gene into TRAC locus. Figure Bpper, LNGFR/CAR expression of the
bicistronic CAR-P2A-LNGFR CAR T cells before andeafco-culture with CD19+ target cells.
Lower, GFP/CAR expression of CAR—GFP fusion targeét¢o the TRAC locus or randomly
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integrated with the RV vector (representative aidpendent experiments on 3 donors). Figure
6D shows CAR expression. Left panel: represergdtistogram of the CAR expression 5 days
post-vectorization. Right panel: relative CAR MEEMFI at Oh) of CAR T cells after 1, 2 or 4
stimulations (indicated by arrows; n= 3-7 indepenidxperiments on different donors). Figure
6E shows relative CAR RNA levels (1=TRAC RNA levBljlays post-vectorization. Figure 6F
shows a time course analysis of CAR RNA levels ([{ARevel at Oh) in CAR T cells

stimulated once on CD19+ target cells (n=3 indepahdxperiments on 3 donors; CAR T cells
as in Figure 6D, top to bottom). All data are mearsD. * P < 0.05, * P <0.01, *** P <
0.001 (ANOVA F-test with Bonferroni correction (feige 6D), and Mann—Whitney test (Figure
6E)). See also Figure 16. The lower line represstite CAR surface levels (Figure 6D) or CAR
RNA levels (Figure 6F) iMTRAC-1928z CAR T cells.

[00173] Figures 7A-7G show CRISPR/Cas9-mediated CAR geagetiag into theTRAC

locus. Figure 7A, Top, TRAC locus (SEQ ID NO:4ljmthe 8 end (grey) of th&RAC first
exon, theTRAC gRNA (TGT...GAC, lower strand) and the correspagdPAM sequence (GGG,
immediately left of TGT...GAC). The two arrows iodte the predicted Cas9 double strand
break. Bottom, CRISPR/Cas9-targeted integratitmtime TRAC locus. The targeting construct
(AAV) contains a splice acceptor (SA), followed &y 2A coding sequence, the 1928z CAR
gene and a polyA sequence, flanked by sequenceslbgous to th&RAC locus (LHA and

RHA, left and right homology arm). Once integraté endogenous TGHpromoter drives
CAR expression, while thERAC locus is disrupted. TRAV, TGRvariable region; TRAJ,
TCRua joining region; 2A, the self-cleaviri@orcine teschovirus 2A sequence. pA: bovine growth
hormone polyA sequence. Figure 7B shows a timelfriee CAR targeting into primary T
cells. Figure 7C shows representative TCR/CAR fibwots 4 days after transfection of T cells
with Cas9 mRNA andRAC gRNA and addition of AAV6 at the indicated multgity of
infection. Figure 7D shows percentage of TCR gisam 4 days post transfection of the Cas9
MRNA and the TRAC gRNA measured by FACS analysihefTCR expression (n = 5).

Figure 7E shows shows percentage of knock-in depgrh the AAV6 multiplicity of infection
measured by FACS analysis of the CAR expressien4h Figure 7F shows percentage of
CAR+ cells in the TCR-negative population (n = #gure 7G shows percentage of TCR-
positive (lower bar) and TCR-negative (upper barthe CAR+ population analysed by FACS (n
=4).

44



[00174] Figures 8A-8E show whole-genome mapping of the AAYRAC-1928z integration
using the TLA technology. Figure 8A shows a schiemapresentation of the TLA technology
(de Vree et al Nat. Biotechnol. 32:1019-1025 (2014)). For this study, two setprohers
targeting the CAR and the left homology arm havenbesed. Figure 8B shows TCR/CAR
FACS plot of theTRAC-1928z CAR T cells used for the TLA analysis. CARells have been
processed as in Figure 7B and expanded for 2 weksire 8C shows TLA sequence coverage
across the human genome using 1928z CAR specifiep (CD28-specific forward:'5
ACAATGAGAAGAGCAATGGA-3' (SEQ ID NO:39) and scFV-specific reverseé: 5
GAGATTGTCCTGGTTTCTGT-3(SEQ ID NO:40)). The chromosomes are indicatethery
axis, the chromosomal position on the x axdi®AC-encoded CAR T cells were produced as in
Figure 3 and expanded for 10 days before procdsseahalysis. The primer set was used in an
individual TLA amplification. PCR products werergied and library prepped using the
lllumina NexteraXT™ protocol and sequenced on an lllumina Midkgequencer. Reads were
mapped using BWA-SW, which is a Smith—Watermannatignt tool. This allows partial
mapping, which is optimally suited for identifyitgeak-spanning reads. The human genome
version hgl9 was used for mapping. Figure 8D shws sequence coverage aligned on the
AAV-TRAC-1928z sequence (Targeting sequence flanked by)ITRse grey vertical bars on
top represent the coverage at the shown positidhs.coverage showed integration of the AAV
ITRs in fraction of reads. The coverage comparisetween ITR and CAR integration at tHe 5
and 3 ends of th&’RAC homology arms locus allow the measurement offididind unfaithful
homologous recombination shown in Figure 8E. FRRQRE shows final results from the TLA

analysis.

[00175] Figures 9A-9C shown vitro cytotoxicity activity and proliferation response of
TRAC-CAR T cells. Figure 9A shows representative flojgometry analysis showing CAR and
TCR expressionTRAC-1928z CAR T cells were generated as in Figure@GBISPR/Cas9-
generated TCR—T cells were transduced with RV-2928oviral vector; TCR+ cells were
transduced with either RV-1928z or RV-P28z (PSMAefic CAR). TCR-negative T-cell
purification was performed using magnetic beadsaamn. Figure 9B shows cytotoxic activity
using an 18 h bioluminescence assay, using fiteflifjerase (FFL)-expressing NALM-6 as
targets cells (n = 3 independent experiments oaaBlny donors). Figure 9C shows

representative cumulative cell counts of CAR T<ajpon weekly stimulation with CD19+
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target cells. Arrows indicate stimulation time qsi (n = 3 independent experiments on 3

healthy donors).

[00176] Figures 10A-101 show thatRAC-CAR T cells outperform conventional CAR T cells
invivo. Figure 10A shows NALM-6-bearing mice were trelatéth 2x1G (left), 1x10

(middle) or 5x16 (right) CAR T cells. Tumour burden was quantifigeekly over a 100-day
period using BLI. Quantification is the averag®um count of ventral and dorsal acquisitions
per animal at all given time points. Each lineresgnts one mouse. Some groups are pooled
from two to three independent experiments fromedéht healthy donors, representing n = 6-20
mice per group. Lower, Kaplan—Meier analysis a¥/aw@l of mice. Figures 10B-10F show
NALM-6-bearing mice were treated with 1>®liddicated CAR T cells. At 10 and 17 days after
CAR T-cell infusion, 7 mice per group were euthadiand bone marrow cells were collected.
CAR T cells and NALM-6 cells were analysed and d¢edrwith flow cytometry. Figure 10B
shows representative FACS analysis of tumour ¢EIB19+GFP+) in the bone marrow at day
17. Figure 10C shows representative FACS anatysghaustion markers PD1 and TIM3 in
bone marrow CAR T cells at day 17. Figure 10D shepvesentative FACS analysis of
exhaustion markers PD1 and LAG3 in bone marrow JAdells at day 17. Figure 10E shows
CAR MFI of the CAR+ cells in the bone marrow (ealh represents one mouse). Figure 10F
shows coefficient of variation measuring the disper in the CAR expression of the CAR+
population (ratio of the standard deviation toniean; each dot represents one mouse). Figure
10G shows that RV-1928z CAR design allows the qaression of the CAR and LNGFR from
the same LTR promoter by using a self-cleaving B24uence. LTR, long terminal repeat, SD,
splice donor site; SA, splice acceptor site; PAi;cine teschovirus self-cleaving 2A sequence.
Figure 10H shows representative flow cytometryptaftRV-1928z transduced T cells cultured
invitro orin vivo (extracted from bone marrow) and labelled to deB&R and LNGFR
expression. Figure 10l shows a comparison betWwadR MFI in the RV-1928z T cells and the

tumour burden (NALM-6 count) in the bone marrow.

[00177] Figures 11A-11J show thaRAC-19BBz CAR T cells outperform conventional
19BBz CAR T cells by preventing exhaustionvivo. Figures 11A and 11B show results
compiled from the average CAR MFI (Figure 11A) aoefficient of variation (Figure 11B) of

CAR+ T cells obtained from three independent tractsbns or transductions. The T cells used
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for these three experiments have been isolated Iitood of three different healthy donors.
Figure 11C: Left, activation, memory, and exhaustizarkers of CAR T cells analysed by flow
cytometry 5 days after gene transfer. Right, pludécate the phenotypes of the CAR+ T cells
measured by flow cytometry analysis of CD62L and46RA expression 5 days after CAR
vectorization; A: CD45RA+ CD62L+; B: CD45RA- CD62L€: CD45RA- CD62L-; D:
CD45RA+ CD62L-. Figure 11D shows relative CAR MEI= MFI at 0 h) after CAR T cells
being activated 1, 2 or 4 times on CD19+ targdsarler a 48 h periods (n = 3 independent
experiments, arrows indicate stimulation time peitT RAC-19bbz lower line, RV-19bbz upper
line). Figure 11E shows CAR T cells stimulated@iD19+ target cells either 1, 2 or 4 times in
48 h period were analysed by flow cytometry. Pioticate the phenotypes of the CAR+ T cells
measured by flow cytometry analysis of CD62L ant46RA expression (average proportion
from 3 independent experiments). Figure 11F sherlsNALM-6-bearing mice were treated
with 1x1® CAR T cells. Tumour burden shown as bioluminessamal quantified per animal
every week over a 21-day period. n = 6 mice peugr Figures 11G-11J show NALM-6-
bearing mice were treated with 12XDAR T cells. At 10 and 17 days after CAR T-cell
infusion, 7 mice per group were euthanized and loaow cells were collected. CAR T cells
and NALM-6 cells were analysed and counted witivflytometry. Each dot represents one
mouse. Figure 11 G shows CAR T cells count in ovarin = 7). Figure 11H shows tumour
(CD19+GFP+ NALM-6) cells count in bone marrow (7 Figure 111 shows effector/tumour
ratio in the bone marrow (n = 7). Figure 11J shewsaustion marker analysis from bone
marrow T cells collected at day 17 and analysetldw cytometry (inhibitory receptor
expression shown from inner to outer rings TIM3,G2\and PD1, respectively). Represented
as the average percentage of cells expressingdieated markers (n =7). *P <0.05, * P <
0.01, *** P < 0.001 (Mann—Whitney test (Figures 14Ad 11B) ANOVA F-test (Figure 11D).

[00178] Figures 12A-12D show thd@RAC-CAR T cells show reduced tonic signalling and
antigen-induced differentiatiam vitro. Figure 12A shows representative FACS analysik of
cells differentiation markers 5 days after the Cgdde transfer. Figure 12B shows
representative FACS analysis of the CAR T cellatéhtiation markers after 1, 2 or 4
stimulations on CD19+ target cells. Figure 12Cveh@AR T cells expansion when stimulated
1, 2 or 4 times on CD19+ target cells over a 4&tgal. No noticeable difference in the

proliferation was found between the three 1928z JAdells conditions. Figure 12D shows
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percentage of CAR T cells with positive expressibiFNy , TNFa or IL-2 after intracellular
staining at the end of the protocol in Figure 45=(2 independent experiments on 2 donors)
(groups of bars left to right TRAC-1928z, RV1928wd&RV-P28z, respectively).

[00179] Figures 13A-13F show thaRAC-CAR T cells show delayei vitro antigen-

induced differentiation compared to lowly or higlitgnsduced RV-CAR T cells. Figure 13A
shows a representative histogram of the CAR exjgre$sdays after transduction of different
volumes of retroviral supernatantih(representative of 3 independent experimentsj tot
transduction volume 2 ml). Figure 13B shows petags of CAR+ T cells as a function of the
volume of retroviral supernatant analysed by FAGE¥s after transduction (n = 3 donors).
Figure 13C shows CAR mean fluorescence intensityl{Mf T cells as a function of the volume
of retroviral supernatant analysed by FACS 5 déigs sransduction (n = 3 donors). Figure 13D
shows CAR coefficient of variation as a functiortled volume of retroviral supernatant
analysed by FACS 5 days after transduction (n ar®ds). Figure 13E shows average CAR
MFI of CAR T cells 5 days after transduction (n ddhors). High = 1,000l, and low = 3Qul.
Figure 13F shows CAR T cells stimulated on CD19gdtcells either 1, 2 or 4 times in 48 h
period were analysed by flow cytometry. Plots aatke the phenotypes of the CAR-positive T
cells measured by flow cytometry analysis of CD@2ld CD45RA expression (average
proportion from of 3 independent experiments) (D45RA+ CD62L+; B, CD45RA- CD62L+;
C, CD45RA- CD62L-; D, CD45RA+ CD62L-).

[00180] Figures 14A-14F CAR gene expression using diffepeaioters at distinct loci
influences tonic signalling leveia vitro. Figure 14A shows a diagram of CRISPR/Cas9-
targeted integration into the TRAC locus. The ¢éirgy construct (AAV) contains a splice
acceptor (SA), followed by a P2A coding sequente, 1928z CAR gene and a polyA sequence,
flanked by sequences homologous to the TRAC locH#\ (and RHA: left and right homology
arm). Once integrated, the endogenous @@Romoter drives CAR expression, whilRAC

locus is disrupted. TRAV: TCR alpha variable regid RAJ: TCR alpha joining region 2A: the
self-cleavingPorcine teschovirus 2A sequence. Figure 14B shows a diagram of CRIGR$9-
targeted promoter integration into the TRAC locui$ie targeting construct (AAV) contains the
1928z CAR coding sequence in the reverse oriemtatioder the control of an exogenous

promoter, the long version of the human elongafzator 1 alpha promoter (EEJ}, the
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enhancer sequence from the gamma retrovirus udedume 3 and 4 (Mo-MLV LTR here called
LTR) or the phosphoglycerate kinase (PGK) promatet a polyA sequence, flanked by
sequences homologous to the TRAC locus (LHA and REfAand right homology arm).
TRAV: TCR alpha variable region. TRAJ: TCR alpbajng region. Figure 14C shows a
schematic of tailored CRISPR/Cas9-induced targetegration into thd;M locus. The
targeting construct (AAV) contains the CAR genealflad by homology sequences (LHA and
RHA). Once integrated, the endogen@disl promoter drives CAR expression. Figure 14D
shows a schematic of CRISPR/Cas9-targeted pronmiégration into thé&M locus. The
targeting construct (AAV) contains the 1928z CAR@ the reverse orientation, under the
control of an exogenous promoter, the human elomgé&ictor 1 alpha promoter (E&}, the
phosphoglycerate kinase (PGK) promoter or a trittaersion of the PGK (PGK100) and a
polyA sequence, flanked by sequences homologothe®:M locus (LHA and RHA: left and
right homology arm). Figure 14E shows average @adan fluorescence intensity (MFI)
analysed by FACS 4 days after transduction (n=Bitwlependent experiments and 4 different
donors). pA: bovine growth hormone polyA sequeiocall targeting constructs. Figure 14F
shows analysis of CAR T cells 5 days after vectdian. Left panel: representative histogram of
the CAR expression 5 days after its vectorizatida T cells. Middle panel: Activation,
memory, and exhaustion markers of CAR T cells a®\by flow cytometry 5 days after the
vectorization of the CAR. Right panel: Plots irate the phenotypes of the CAR positive T cells
measured by flow cytometry analysis of CD62L andd6RA expression 5 days after
vectorization of the CAR (A, CD45RA+ CD62L+; B, CBRA- CD62L+; C, CD45RA-

CD62L-; D, CD45RA+ CD62L-).

[00181] Figures 15A-15G show that CAR gene expression udififgrent promoters at
distinct loci influences antigen-induced differextibn and exhaustiam vivo. Figure 15A

shows representative FACS analysis of the CAR Teliiérentiation markers after 1, 2 or 4
stimulations on CD19+ target cells. Figure 15BwHi&€AR T-cell expansion when stimulated
1, 2 or 4 times on CD19+ target cells over a 4&igal (groups of dots left to right TRAC-LTR-
1928z, B2M-1928z, TRAC-1928z and TRAC-EFla-1928gpectively). No apparent
difference in the proliferation was found betwela tour 1928z CAR T cells conditions.
Figures 15C-15E show NALM-6- bearing mice weretgdavith 1x16 CAR T cells. At 10 and
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17 days after CAR T cell infusion, 7 mice per gravgre euthanized and bone marrow cells
were collected. CAR T cells and NALM-6 cells warealysed and counted with flow
cytometry. Each dot represents one mouse. FithiFeshows percentage of effector memory
(‘Eff mem’, CD62L-CD45RA-) and effector (‘Eff ', CD62L-CD45RA+) imé bone marrow
CAR T cells atday 17 (n = 7 mice). Figure 15Gw$si@xhaustion marker analysis from bone
marrow T cells collected at day 17 and analysetldvy cytometry. Represented as the average
percentage of cells expressing the indicated msaufker 7 mice) (inhibitory receptor expression
shown from inner to outer rings TIM3, LAG3 and PDdspectively).

[00182] Figures 16A-16B show that locus-promoter configoratontrols CAR protein
expression and transcriptional response upon CARIlTactivation. Figure 16A: Left panel:
representative histogram of the CAR expressionys défter its vectorization into T cells. Right
panel: relative CAR MFI (1=MFI at Oh) after CAR €lls being activated 1, 2 or 4 times on
CD19+ target cells over a 48h period. Figure 168 a comparison between CAR MFI and
CAR RNA relative level before stimulation (n=3 inendent experiments on 3 donors). The
lower line represents the CAR surface levelSRAC-1928z CAR T cells.

[00183] Figure 17 shows gene-expression profiles assocvatbdhe activation and memory
formation of CD8+ T cells. Genes upregulated (dpjlownregulated (Down) in infection-
exposed OT-I cells relative to their expressionaive OT-I cells was quantified at various time
points during infection. Ten clusters with the tndynamic expression by K-means clustering
analysis are shown, with a change in expressiaverf 1.4-fold. Each line represents a single
probe; numbers in bottom right corners indicate benof probes; above plots, genes of interest
in each cluster (taken from Best et Alature Immunol. 14:404-413 (2013)).

[00184] Figure 18 shows Moloney murine leukemia virus (Mlamino acid sequence of
integrase wild type (SEQ ID NO:1) and mutants D1Z8E&Q ID NO:2), D124E (SEQ ID
NO:3), D124N (SEQ ID NO:4), D124V (SEQ ID NO:5), 83A (SEQ ID NO:6), D183N (SEQ
ID NO:7), D124A and D183A (SEQ ID NO:8), D124A aBbd83N (SEQ ID NO:9), D124E and
D183A (SEQ ID NO:10), D124E and D183N (SEQ ID NQ;12124N and D183A (SEQ ID
NO:12), D124N and D183N (SEQ ID NO:13), D124V antBBA (SEQ ID NO:14), and
D124V and D183N (SEQ ID NO:15).
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[00185] Where reference is made in the description of thevohgs to color, the drawings

have been converted to grayscale.
7. DETAILED DESCRIPTION OF THE INVENTION

[00186] The present invention relates to immunotherapyspatifically to targeted cell
therapies based on genetically engineering T tekxpress a therapeutic transgene under
desired conditions. Described herein is a metbodénerating T cells for immunotherapy by
targeting the integration of a therapeutic transgeto the genome of a T cell such that the
transgene is placed under control of an endogepimusoter. It will be understood that
reference to a transgene (in the singular) as itescherein applies also to one or more
transgenes (in the plural) unless context indicatlesrwise. The invention provides a strategy
for T cell therapy that utilizes genome editingptace one or several therapeutic transgenes
under the control of one or more endogenous prasitweprovide controlled spatio-temporal
expression in therapeutic T cells. The inventioovpes for a T cell to be engineered to express
a therapeutic transgene, or a variety of therapé&ansgenes, where expression of the transgene
can be made dependent on the location of the Tegll, expression of a transgene only in
proximity to a tumor), or at defined time pointsye before or after engaging a tumor cell) by
use of endogenous promoters that provide for exesccordingly. The cells and methods of

the invention can thus be used to increase theaeffiand safety of therapeutic T cells.

[00187] The invention relates to placing a therapeuticsdgame under control of an
endogenous promoter to achieve a desired transggmession profile in the T cell. An
endogenous promoter is selected so as to reghgxpression characteristics of the transgene,
for example, the timing of transgene expressioriarttie level of transgene expression.
Regulating expression of the transgene by pladingder control of an endogenous promoter
eliminates the need for administering small molealrugs to induce expression of a transgene,
immunogenic components, and viral vectors encouhitegnal promoters and transgenes. By
utilizing endogenous promoters, the T cells arerezgged to autonomously regulate expression
of transgenes such that transgene expressionxdon@e, where and when transgene expression
is activated, preferably occurs in a defined progthat relies on the coordinated endogenous

response of the T cell to environmental cues (prgximity to a target antigen, cytokine, and/or
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costimulatory ligand). Thus, in a specific emboeit) the T cell is engineered such that an
endogenous promoter is used that responds to maroemental cues, resulting in spatially

and temporally predictable transgene expressioerged by the endogenous promoter.

[00188] In a specific embodiment, the therapeutic transgeedes a therapeutic protein. In

another specific embodiment, the therapeutic tramsg@ncodes a therapeutic RNA.

[00189] In a preferred embodiment, the present inventitates to immunotherapy and
specifically to targeted cell therapies based engdnetic replacement of a component of the T
cell receptor (TCR) complex with sequences encodi@A\R that reprograms T cell specificity
and function. As disclosed by way of example hergene editing was utilized to generate
histocompatible T cell products with stable and bgeneous CAR expression. In addition, the
gene editing approach results in the disruptiotheftargeted gene encoding a component of the
TCR complex, which enhances the function of the €RA&ells by reducing graft versus host
reactivity that would have been mediated by the TtGRplex. It also can be used for patient
auto-immune diseases, usually not included in linécal Trial. Inactivating their TCR can be

used to improve safety for these patients.

[00190] In a specific embodiment, described herein is ehowefor a one-step generation of
universal CAR T cells by targeting the integratadra CAR gene cassette, preferably promoter-
less, into a gene encoding a polypeptide requeéuhctional expression of a T cell receptor
(TCR) complex. The term “universal” denotes tteg T cells are not limited to autologous use,
but can also be used non-autologously. In one dimiemt, this approach can take advantage of
the regulated expression of a component of the T@Rplex to drive the expression of the CAR
in the cell. In addition, the integration of th&R cassette disrupts or reduces the expression of
a polypeptide required for a functional TCR compliex example, by preventing the proper
assembly of the TCR complex at the cell surfacileg to TCR negative cells. The method is
suitable with the commonly used genome editing@lats, such as zinc-finger nuclease (ZFN),
transcription activator-like effector nuclease (TA\l), and clustered regularly-interspersed short
palindromic repeats (CRISPR) associated prote@a®9), Cpfl, Meganuclease or a Mega-Tal,
and results in homologous recombination at a tasigetin the genome of the cell. As disclosed

herein, conditions were established yielding up@®o of universal CAR T cells, combining
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target gene disruption and CAR targeted insertiom $single step. The results disclosed herein
shows that the methods utilizing an endogenous proRoter provided the benefits of single
integration as well as consistent and predictakpeession. In addition, the method provided
unexpected benefits of improved T cell function gedsistence. Most importantly, T cells
expressing the CAR from the TCR locus exhibitedhbign vitro andin vivo tumor lysis

activity, increased proliferation and persisterf@ntretrovirally-transduced CAR T cells, while
removing their Graft versus host disease potenNareover, this new methodology opens the
possibility of generating autologous CAR T cells patients suffering from autoimmune
disorders. The methods described herein, whictbamthe scalability of universal T cell
manufacturing with the uniformity and safety ofgated CAR gene integration, are useful for

CAR therapy and for the development of off-the-ER#AR therapy.
7.1 T Cdls

[00191] In one embodiment, the invention provides a T edflerein a therapeutic transgene
is integrated at a site within the genome of tHesteh that expression of the transgene is under
control of an endogenous promoter of the T calla preferred embodiment, the invention
provides a T cell, wherein a recombinant nucleid aequence encoding a chimeric antigen
receptor (CAR) is integrated at a site within tleagme of the cell such that the CAR is
expressed by the cell at the surface of the aetl veherein integration of the nucleic acid
encoding the CAR at the site reduces or preversession of a functional T cell receptor
(TCR) complex at the surface of the cell. In aemed embodiment, the recombinant cells can
be used to enhance or provide an immune respoagesag desired target. In another
embodiment, the recombinant cells can be usedibitran undesirable immune response.
Preferably, the cells are derived from a human ¢ateiman origin prior to being made
recombinant) (and human-derived cells are partibufaeferred for administration to a human

in the methods of treatment of the invention).

[00192] In a specific embodiment, the present inventioated to the targeted integration of a
promoter-less expression cassette into a chromdgaamacription unit in T cells, preferably
human T cells, to take advantage of an endogernansgber to optimize transgene expression

and enhance the function of the engineered T aelisyein the transgene is a CAR or other
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therapeutic transgene. In a preferred embodinbgrengineering T cells this way, stable and
homogenous CAR expression was obtained, and Turdtion and persistence was enhanced
relative to previous methods for CAR therapy. Dwejieg on the cassette design, the method
can be used to disrupt, or not, the expressioheoéhdogenous gene. In the case where
endogenous gene expression is disrupted, the endaggene is a non-essential gene, i.e., a
gene that is not necessary for cell viability avliperation of the cell. In a particular
embodiment, the therapeutic transgene is a CARa dreferred embodiment, the integration of
the CAR-encoding nucleic acid sequences disrugtexipression of an endogenous gene
encoding a protein required for a functional T cetleptor complex. This approach can be
applied to any gene, having either stable, spgtiafid/or temporally regulated expression. In a
specific embodiment, the targeting of a gene thaikpressed from only one allele, for example,
TCR alpha, TCR beta, Y or X chromosome-specificegesan be utilized to ensure that only
one transgene copy per cell is expressed. EaeliSexpresses a unique T cell receptor
resulting from association of one recombined TQ#haland one recombined TCR beta chains.
The process of generating the TCR diversity happensg lymphopoiesis in the thymus, where
both TCR alpha and beta genes recombine (VJ andr&imbination respectively), and only
one allele of each gene is expressed through @&gsamalled allele exclusion (Hon&at. Rev.
Immunol. 5, 95 doi:10.1038/nri1560 (2005)). In the cas&aajeting a recombined TCR alpha
or beta chain, this process provides that onlyaomy of the integrated CAR will be expressed.

The other allele can be targeted but would notlr@s@CAR expression.

[00193] The T cells of the invention are immune cells & ymphoid lineage. T cells
express the T cell receptor (TCR), with most ceXpressingr and chains and a smaller
population expressingandd chains. T cells useful as immune cells of theemion can be
CD4* or CD8 and can include, but are not limited to, T helpsgts (CD4), cytotoxic T cells
(also referred to as cytotoxic T lymphocytes, CTID8* T cells), and memory T cells, including
central memory T cells (TCM), stem memory T cellSCM), stem-cell-like memory T cells (or
stem-like memory T cells), and effector memory Tisgdor example, Ew cells and Ewvra
(CD45RA) cells, effector T cells, Thl cells, Th2 cells 9Ttells, Th17 cells, Th22 cells, Tth
(follicular helper) cells, T regulatory cells, nedukiller T cells, mucosal associated invariant T

cells (MAIT), andyd T cells. Major T cell subtypes include Thaive), cwm (stem cell
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memory), Tm (central memory), i (Transitional Memory), &m (Effector memory), andE
(Terminal Effector). In one embodiment, the T seif the invention are immunostimulatory
cells, i.e., cells that mediate an immune respolseemplary T cells that are immunostimulatory
include, but are not limited to, T helper cells (€] cytotoxic T cells (also referred to as
cytotoxic T lymphocytes, CTL; CDSI cells), and memory T cells, including centralmoey T
cells (TCM), stem memory T cells (TSCM), stem-dide memory T cells (or stem-like memory
T cells), and effector memory T cells, for examflew cells and Evra (CD45RA) cells,

effector T cells, Thl cells, Th2 cells, Th9 celi§ 17 cells, Th22 cells, Tth (follicular helper)
cells, natural killer T cells, mucosal associatedariant T cells (MAIT), angd T cells. In

another embodiment, the T cells of the inventiaiamrmunoinhibitory cells, i.e., cells that
inhibit an immune response. Exemplary T cells #ratimmunoinhibitory include regulatory T
cells (T regulatory cells, Treg) and follicular tégtory T cells (Tfh) cells. T cells can optionall
be generated from embryonic stem cells or indudedpotent stem cells (iPSCs)(see, for
example, Themeli et alNat. Biotechnol. 31(10):928-933 (2013)). Optionally, precursor el

T cells that can be used, which recombinantly espeetransgene, preferably a CAR, are, by
way of example, hematopoietic stem and/or progeoills. Hematopoietic stem and/or
progenitor cells can be derived from bone marrawbilical cord blood, adult peripheral blood
after cytokine mobilization, and the like, by matscknown in the art, and then are genetically
engineered to recombinantly express a transgeeterpbly a CAR. Particularly useful
precursor cells are those that can differentiatetime lymphoid lineage, for example,
hematopoietic stem cells or progenitor cells oflyimephoid lineage that can differentiate into T
cells. In another embodiment, an iPSC can bezatlias a cell for expression of a transgene. In
a preferred embodiment, an iPSC can be utilizeal@dl for expression of a CAR, wherein a
recombinant nucleic acid encoding a CAR is integfainto a site in the genome of the cell such
that the CAR is expressed by the cell at the saréd¢he cell, and wherein integration of the
nucleic acid encoding the CAR at the site reducgs@vents expression of a functional T cell
receptor complex at the surface of the cell. lother embodiment, a T cell, preferably a CAR T
cell, as disclosed herein can be used to produd@Z@. It is understood that embodiments
disclosed herein relating to a T cell shall be degims applicable to an iPSC or stem cell, as
context permits. An iPSC can be used to produteell of the invention, and an iPSC can also

be derived therefrom.
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[00194] The type of T cell selected for expressing a tranegwill take into consideration
whether it is desired to stimulate an immune respan inhibit an immune response. For
example, aregulatory T cell (CD4+ CD25high FoxpP®ould be used for treating a subject in
need of an inhibited immune response such as sanenng an autoimmune disease and, by
way of example, the T cell would express a transgercoding an immuno-inhibitory cytokine,
while CD4+ (except Treg)/CD8+ T cells are usedeat a subject in need of a stimulated
immune response, for example, a subject havingeztaand, by way of example, the T cell
would express an immunostimulatory cytokine.

[00195] T cells can be isolated by methods well known mairt, including commercially
available isolation methods (see, for example, RaddJones et al.ymphocytes: A Practical
Approach, Oxford University Press, New York (1999)). Sasdor the T cells include, but are
not limited to, peripheral blood, umbilical coradbbld, bone marrow, or other sources of
hematopoietic cells. Various techniques can bel@yed to separate the cells to isolate or
enrich for desired immune cells such as T cellst ifistance, negative selection methods can be
used to remove cells that are not the desired inencetis. Additionally, positive selection
methods can be used to isolate or enrich for d#¢Jireells, or a combination of positive and
negative selection methods can be employed. Monathntibodies (MADbs) are particularly
useful for identifying markers associated with attar cell lineages and/or stages of
differentiation for both positive and negative stilens. If a particular type of T cell is to be
isolated, various cell surface markers or combamatiof markers, including but not limited to,
CD3, CD4, CD8, CD34 (for hematopoietic stem andyprotor cells) and the like, can be used to
separate the cells, as is well known in the ag (gearseT Cell Protocols: Development and
Activation, Humana Press, Totowa NJ (2000); De Lib&rG@ell Protocols, Vol. 514 ofMethods

in Molecular Biology, Humana Press, Totowa NJ (2009)).

[00196] Methods for isolating and expanding regulatory liscare well known in the art (see,
for example, Su et alMethods Mal. Biol. 806:287-299 (2012); Bluestone et &ki. Trandgl.

Med. 7(315) (doi: 10.1126/scitransimed.aad4134)(20Wbyara et al. Nat. Rev. Rheumatol.
10:543-551 (2014); Liu et alJ, Exp. Med. 203:1701-1711 (2006); Seddiki et dl.Exp. Med.
203:1693-1700 (2006); Ukena et &xp. Hematol. 39:1152-1160 (2011); Chen et dl.,

Immunol. 183:4094-4102 (2009); Putnam et Bliabetes 58:652-662 (2009); Putnam et #m.
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J. Tranplant. 13:3010-3020 (2013); Lee et alancer Res. 71:2871-2881 (2011); MacDonald et
al.,JClin. Invest. 126:1413-1424 (2016)).n vitro generation of regulatory T cells (iTregs) has
also been described (see, for example, Lan et &llol. Cell. Biol. 4:22-28 (2012); Yamagiwa et
al.,J. Immunol. 166:7282-7289 (2001); Zheng et dl.|mmunol. 169:4183-4189 (2002)).
Generally, regulatory T cells of the invention &@4", for example, CDICD25", and in
particular CDACD127°-CD25". Such regulatory T cells express Foxp3 (forkhaadP3),
which is in the forkhead/winged-helix family of trgcription factors (Bluestone et al. Clin.
Invest. 125:2250-2260 (2015); Riley et dimmunity 30:656-665 (2009)). A regulatory T cell
that is an immunoinhibitory cell of the inventioarcalso be a CD&egulatory T cell
(Guillonneau et alCurr. Opin. Organ Transplant. 15:751-756 (2010)). Methods for isolating
and expanding regulatory T cells are also commiéy@sailable (see, for example, BD
Biosciences, San Jose, CA; STEMCELL Technologies Mancouver, Canada; eBioscience,
San Diego, CA; Invitrogen, Carlsbad, CA). An imrourhibitory T cell of the invention can
also be a follicular regulatory T cell (T(FR)) (®egt al. Nat. Immunol. 14:152-161 (2013)). In
a particular embodiment, the follicular regulatdrgells of the invention are CD@XCR5" and
express Foxp3 (Sage et alpra, 2013).

[00197] Procedures for separation of cells include, bunatdimited to, density gradient
centrifugation, coupling to particles that modiBllddensity, magnetic separation with antibody-
coated magnetic beads, affinity chromatographygtoyic agents joined to or used in
conjunction with a monoclonal antibody (mADb), inging, but not limited to, complement and
cytotoxins, and panning with an antibody attacloed solid matrix, for example, a plate or chip,
elutriation, flow cytometry, or any other convertiggchnique (see, for example, Recktenwald et
al., Cell Separation Methods and Applications, Marcel Dekker, Inc., New York (1998)).

[00198] The T cells can be autologous or non-autologoukeasubject to which they are
administered in the methods of treatment of themtion. Autologous cells are isolated from the
subject to which the engineered T cells are todmeiaistered. In a preferred embodiment,
autologous cells are isolated from the subjecthivthe engineered cells recombinantly
expressing a CAR are to be administered. Optipniié cells can be obtained by leukapheresis,
where leukocytes are selectively removed from waliach blood, made recombinant, and then

retransfused into the donor. Alternatively, alloge cells from a non-autologous donor that is
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not the subject can be used. In the case of antylegous donor, the cells are typed and
matched for human leukocyte antigen (HLA) to detamran appropriate level of compatibility,
as is well known in the art. For both autologond and non-autologous cells, the cells can
optionally be cryopreserved until ready to be usedjenetic manipulation and/or administration

to a subject using methods well known in the art.

[00199] Various methods for isolating T cells that can becufor recombinant expression of a
CAR have been described previously, and can be usg#dding but not limited to, using
peripheral donor lymphocytes (Sadelain etNdt, Rev. Cancer 3:35-45 (2003); Morgan et al.,
Science 314:126-129 (2006), using lymphocyte cultures\atifrom tumor infiltrating
lymphocytes (TILs) in tumor biopsies (Panelli et &llmmunol. 164:495-504 (2000); Panelli et
al., JImmunol. 164:4382-4392 (2000)), and using selectivalyitro-expanded antigen-specific
peripheral blood leukocytes employing artificiatigen-presenting cells (AAPCs) or dendritic
cells (Dupont et alCancer Res. 65:5417-5427 (2005); Papanicolaou etBllood 102:2498-

2505 (2003)). In the case of using stem cellsctils can be isolated by methods well known in
the art (see, for example, Klug et &lematopoietic Stem Cell Protocols, Humana Press, New
Jersey (2002); Freshney et &ulture of Human Stem Cells, John Wiley & Sons (2007)).

[00200] In a specific embodiment, isolated T cells are tjeally engineere@x vivo for
recombinant expression of a transgene. In a peefeambodiment, isolated T cells are
genetically engineeregk vivo for recombinant expression of a CAR. The cellsloa

genetically engineered for recombinant expressiométhods well known in the art.

[00201] In another embodiment, the invention provides Tsdélat recognize and are
sensitized to a target antigen that are then g=lstiengineered for recombinant expression of a
transgene. Such T cells can but need not exprégdRathat binds to a target antigen, since the
cells already are target antigen-specific so thair immune response (for example, cytotoxicity)
is stimulated specifically by such target antig&uch T cells that recognize and are sensitized to
a target antigen can be obtained by known methndaay of examplen vitro sensitization
methods using naive T cells (see, for example, Véolal.,Nat. Protocols 9:950-966 (2014)) or
hematopoietic progenitor cells (see van Lent etlalmmunol. 179:4959-4968 (2007)); or

obtained from a subject that has been exposedatassanounting an immune response against
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the target antigen (i.dn vivo sensitized T cells). Methods for isolating angem-specific T

cell from a subject are well known in the art. Bueethods include, but are not limited to, a
cytokine capture system or cytokine secretion gsshich is based on the secretion of cytokines
from antigen stimulated T cells that can be usedeantify and isolate antigen-specific cells, and
expansion of cells vitro (seeAssenmacher et alGytometric Cytokine Secretion Assay, in
Analyzing T Cell Responses: How to Analyze Cellular |mmune Responses Against Tumor

Associated Antigens, Nagorsen et al., eds., Chapter 10, pp. 183-83Binger, The Netherlands
(2005); Haney et alJ. Immunol. Methods 369:33-41 (2011); Bunos et &lox Sanguinis DOI:
10.1111/vox.12291 (2015); Montes et @llin. Exp. Immunol. 142:292-302 (2005); Adusumilli

et al.,Sci Trand Med. 6:261ral151 (2014)). Such cytokines include,dyatnot limited to
interferony and tumor necrosis factor- Methods for isolating an antigen-specific retpia T

cell from a subject are well known in the art (dee example, Noyan et aEur. J. Immunol.
44:2592-2602 (2014); Brusko et &L.0SOne 5(7) e11726 (doi: 10.1371) (2010); Bacher et al.,
Mucosal Immunol. 7:916-928 (2014); Koenen et al. Immunol. 174:7573-7583 (2005)). The
antigen-specific T cells can be isolated using Wwetwn techniques as described above for
isolating T cells, which include, but are not liedtto, flow cytometry, magnetic beads, panning
on a solid phase, and so forth. Antigen-specifeell isolation techniques are also commercially
available, which can be used or adapted for clirapalications (see, for example, Miltenyi
Biotec, Cambridge, MA; Proimmune, Oxford, UK; aine ike).

[00202] The T cells can be subjected to conditions thadrfavaintenance or expansion of the
cells (see Kearsd, Cell Protocols: Development and Activation, Humana Press, Totowa NJ
(2000); De LiberoT Cell Protocols, Vol. 514 ofMethods in Molecular Biology, Humana Press,
Totowa NJ (2009); Parente-Pereira et&lBiol. Methods 1(2) e7 (doi 10.14440/jbm.2014.30)
(2014); Movassagh et aHum. Gene Ther. 11:1189-1200 (2000); Rettig et allpl. Ther. 8:29-
41 (2003); Agarwal et alJ. Virol. 72:3720-3728 (1998); Pollok et aHum. Gene Ther.
10:2221-2236 (1999); Quinn et dlum. Gene Ther. 9:1457-1467 (1998); Su et dliethods
Mol. Biol. 806:287-299 (2012); Bluestone et &i. Trand. Med. 7(315) (doi:
10.1126/scitransImed.aad4134)(2015); Miyara etNak., Rev. Rheumatol. 10:543-551 (2014);
Liu et al.,J. Exp. Med. 203:1701-1711 (2006); Seddiki et dl.Exp. Med. 203:1693-1700
(2006); Ukena et alExp. Hematol. 39:1152-1160 (2011); Chen et dl.Jmmunol. 183:4094-
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4102 (2009); Putnam et aDjabetes 58:652-662 (2009); Putnam et #&m. J. Tranplant.
13:3010-3020 (2013); Lee et alancer Res. 71:2871-2881 (2011); MacDonald et dl.Clin.
Invest. 126:1413-1424 (2016); see also commercially abkilenethods such as Dynabedts
human T cell activator products, Thermo Fisher &die, Waltham, MA)). The cells can
optionally be expanded prior to or afervivo genetic engineering. Expansion of the cells is
particularly useful to increase the number of ciedtsadministration to a subject. Such methods
for expansion of immune cells such as T cells ak kmown in the art (see Kaiser et &ancer
Gene Therapy 22:72-78 (2015); Wolfl et alNat. Protocols 9:950-966 (2014)). Furthermore, the
cells can optionally be cryopreserved after isolatind/or genetic engineering, and/or expansion
of genetically engineered cells (see Kaiser esapr,a, 2015)). Methods for cyropreserving
cells are well known in the art (see, for exampleshneyCulture of Animal Cdls: A Manual of
Basic Techniques, 4th ed., Wiley-Liss, New York (2000); Harrison aRde,General Techniques

of Cell Culture, Cambridge University Press (1997)).

7.2 Targeted Integration Methods

[00203] With respect to generating cells recombinantly exping a transgene under control
of an endogenous T cell promoter, the transgemgrizduced into the genome of the T cell. Ina
preferred embodiment, with respect to generatitlg ocecombinantly expressing a CAR, a
nucleic acid encoding the CAR is introduced int® Thcell. Traditionally, such methods have
utilized a suitable expression vector, in whichectge T cells are transduced with a transgene,
for example, a nucleic acid encoding a CAR. Inghesent invention, a transgene is cloned into
a targeting construct, which provides for targeteegration of the transgene at a site within the
genome. In a preferred embodiment, a nucleic eetmbding a CAR is cloned into a targeting
construct, which provides for targeted integratiéthe nucleic acid sequence encoding the CAR
at a site within the genome, in a particular embmaght, a site that disrupts expression of a gene
encoding a protein required for expression of afional TCR complex in the cell. For
example, a transgene, for example, a polynucleeteding a CAR, of the invention can be
cloned into a suitable targeting construct, oritable vector such as a retroviral vector, and
introduced into the T cell using well known molesuibiology techniques (see Ausubel et al.,
Current Protocolsin Molecular Biology, John Wiley and Sons, Baltimore, MD (1999)).
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[00204] Any suitable targeting construct suitable for eggren in a cell of the invention,
particularly a human T cell, can be employed. pagicular embodiment, the targeting
construct is compatible for use with a homologaeombination system suitable for targeted
integration of the nucleic acid sequence (transgaha site within the genome of the cell.
Exemplary homologous recombination systems are kmelvn in the art and include, but are not
limited to, technologies utilizing a nuclease, éxample, transcription activator-like effector
nucleases (TALENS), Zinc-finger nucleases (ZFNisistered regularly interspaced short
palindromic repeats (CRISPRSs) systems such as BRh8RR associated protein 9 (Cas9) and
Cpfl, and/or Meganuclease or a Mega-Tal (fusioa &l domain and a Meganuclease) and the
like, which provide for homologous recombinatioor, Example, a desired target site within the
genome of the cell (see Examples; see also U.8nPldb. 8,697,359; US publication
20140068797; Gaj et allyends Biotechnol. 31:397-405 (2013); Gersbach et Blucl. Acids

Res. 39:7868-7878 (2011); Vasileva, et @Ell Death Dis. 6:€1831. (Jul 23 2015); Sontheimer,
Hum. Gene Ther. 26(7):413-424 (2015); Osborn et &llol. Ther. 24(3):570-581 (2016))). Such
methods are well known in the art and commerciaigilable (ThermoFisher, Carlsbad, CA,
GenScript, Piscataway, NJ; Clontech, Mountain Vié&). Other CRISPR based systems
include pyrogen and Aureus. Such methods candxtascarry out or promote homologous

recombination.
7.3 Vectorsand Targeting Constructs

[00205] A suitable targeting construct can comprise anyaiciacid sequence that is
compatible with a homologous recombination systemleyed in the invention. In one
embodiment, the targeting construct comprises adssociated virus (AAV) sequences. The
targeting construct can have nucleic acid sequeinoesone or more AAV serotypes. For
example, the targeting construct can comprise AA¥Quences or other serotype sequences
such as AAV5. The AAV nucleic acid sequences thattion as part of a targeting construct
can be packaged in several natural or recombinAiM éapsids or particles. In a particular
embodiment, the AAV particle is AAV6. In a partiauembodiment, an AAV2-based targeting
construct is delivered to the target cell using AAWral particles. In a particular embodiment,
the AAV sequences are AAV2, AAVS5 or AAV6 sequencés.a particular embodiment, the

AAV sequences are from AAV2. In another particldarbodiment, the AAV sequences are
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from AAV6. In another particular embodiment, thegeting construct comprises ihté 3

order: a first viral sequence, a left homology aamyucleic acid sequence encoding a self-
cleaving porcine teschovirus 2A, a transgene, gaoi@nylation sequence, a right homology arm
and a second viral sequence. In a preferred emisodj the targeting construct comprises’in 5
to 3 order: a first viral sequence, a left homology aamucleic acid sequence encoding a self-
cleaving porcine teschovirus 2A, a nucleic acidugsge encoding a CAR, a polyadenylation
sequence, a right homology arm and a second dcplence. Another suitable targeting
construct can comprise sequences from an integrdgficient Lentivirus (see, for example,
Wanisch et al.Mol. Ther. 17(8):1316-1332 (2009)). In a particular emboditmthe viral

nucleic acid sequence comprises sequences ofegrative-deficient Lentivirus. Itis
understood that any suitable targeting construatmnpatible with a homologous recombination
system employed can be utilized.

[00206] Viral vector sequences that can be included ingetaconstruct include but are not
limited to retroviral, adenoviral, lentiviral, ardleno-associated viral vectors, vaccinia virus,
bovine papilloma virus derived vectors, and herpess vectors, such as Epstein-Barr Virus
(see, for example, Milleklum. Gene Ther. 1(1):5-14 (1990); Friedmafcience 244:1275-1281
(1989); Eglitis et al.BioTechniques 6:608-614 (1988); Tolstoshev et @&yrrent Opin.
Biotechnol. 1:55-61 (1990); Sharpancet 337:1277-1278 (1991); Cornetta et Bl.og. Nucleic
Acid Res. Mol. Biol. 36:311-322 (1989); Andersofgience 226:401-409 (1984); Moemlood
Cells17:407-416 (1991); Miller et alBiotechnology 7:980-990 (1989); Le Gal La Salle et al.,
Science 259:988-990 (1993); and Johns@mest 107:77S- 83S (1995); Rosenberg etMl.,
Engl. J. Med. 323:370 (1990); Anderson et al., U.S. Pat. N899,346; Scholler et alci.
Transgl. Med. 4:132-153 (2012; Parente-Pereira etlaBiol. Methods 1(2):e7 (1-9)(2014);
Lamers et al.Blood 117(1):72-82 (2011); Reviere et &roc. Natl. Acad. Sci. USA 92:6733-
6737 (1995); Wang et alGene Therapy 15:1454-1459 (2008)).

[00207] Particularly useful vectors for generating a taxg®tstruct that provides transgene
vectorization for homologous recombination-medidtedeting include, but are not limited to,
recombinant Adeno-Associated Virus (rAAV), recondnhnon-integrating lentivirus (rNILV),

recombinant non-integrating gamma-retrovirus (rN¥gRsingle-stranded DNA (linear or
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circular), and the like. Such vectors can be usedtroduce a transgene into a T cell of the

invention by making a target construct, as desdrddsove.

[00208] In one embodiment, the vector is a recombinantintegrating gamma-retrovirus
(rNIgRV). In one embodiment, the rNIgRVs is obtdrby using a gamma-retrovirus integrase
that is mutated at the DDE motif, which abolish@ggrase activity. Thus, a gamma-retrovirus
is converted to a non-integrating gamma-retrovirygnactivation of its integrase (see Example
4 and Figure 18). In a particular embodiment,itibegrase comprises a DDE mutation selected
from the group consisting of D164A, D164E, D164N,6aV, D183A, D183N, D164A and
D168A, D164A and D183N, D164N and D183A, D164N &i83N, D164V and D168A,
D164V and D183N, D164V and D183A, and D164V and BNl8Such a rNIgRV vector is

advantageous since it is easier and cheaper ta@edtan traditionally used vectors.

[00209] It will be readily understood that a rNIgRV vectan be utilized to introduce any
desired DNA into any cell. Thus, a rNIgRV can Isedito introduce any type of desired DNA

into a cell of any type in which the vector funct$o

[00210] In methods of the present invention that emplogmaiogenous promoter for
controlling the expression of a transgene thattisgrated within a site in the genome of a cell,
the targeting construct preferably is promoter-ldssa preferred embodiment of methods of the
present invention that employ an endogenous pramfmteontrolling the expression of a

nucleic acid sequence encoding a CAR that is iatedrwithin a site in the genome of a cell, the
targeting construct preferably is promoter-lesacisa construct allows the integration of the
transgene, such as the nucleic acid sequence egca@@AR, into a site within the genome such
that the integrated nucleic acid sequence (trareggsmunder the control of an endogenous
promoter. In one embodiment, the endogenous pemma TCR promoter. In a particular
embodiment, the endogenous promoter is a prombtegene encoding a T cell receptor alpha
chain, T cell receptor beta chain, CD3 gamma ch@d8 delta chain, CD3 epsilon chain, or
CD3 zeta chain. In a specific embodiment, the@ia@cid sequences encoding a CAR are

integrated.

[00211] Although the methods of the invention preferablliag an endogenous promoter to

control expression of the recombinant transgengh as the nucleic acid sequence encoding a
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CAR, it is understood that a vector that emplogsigable promoter for expression in a

particular host cell can be utilized, for example/ector that incorporates an endogenous
promoter such as a TCR promoter. Such a vectdd goavide for expression in a manner
similar to that provided by an endogenous promestach as a TCR promoter. Such a vector can
be useful, for example, if the site of integratawes not provide for efficient expression of a
transgene, or if disruption of the endogenous gemérolled by the endogenous promoter would
be detrimental to the T cell or would result inexkase in its effectiveness in T cell therapy. In
a preferred embodiment, such a vector can be ygefidxample, if the site of integration does
not provide for efficient expression of nucleiccasequence encoding a CAR. The promoter can
be an inducible promoter or a constitutive promotexpression of a nucleic acid sequence
under the control of an endogenous or vector-agsstipromoter occurs under suitable
conditions for the cell to express the nucleic afod example, growth conditions, or in the
presence of an inducer with an inducible promated, the like. Such conditions are well

understood by those skilled in the art.

[00212] The targeting construct can optionally be desigoddclude a P2A sequence directly
upstream of the nucleic acid sequences encodingahsgene. In a preferred embodiment, the
targeting construct can optionally be designechttude a P2A sequence directly upstream of
the nucleic acid sequences encoding a CAR. P2/sdlf-cleaving peptide sequence, which can
be used for bicistronic or multicistronic expressa protein sequences (see Szymczak et al.,
Expert Opin. Biol. Therapy 5(5):627-638 (2005)). If desired, the targetingstruct can
optionally be designed to include a reporter, fample, a reporter protein that provides for
identification of transduced cells. Exemplary rgpoproteins include, but are not limited to,
fluorescent proteins, such as mCherry, green fhaenat protein (GFP), blue fluorescent protein,
for example, EBFP, EBFP2, Azurite, and mKalamaancfjuorescent protein, for example,
ECFP, Cerulean, and CyPet, and yellow fluoresceatem, for example, YFP, Citrine, Venus,
and YPet.

[00213] Preferably, the targeting construct comprises ggu#nylation (poly A) sequencé 3
of the transgene. In a preferred embodiment,atgeting construct comprises a polyadenylation

(poly A) sequence’df the nucleic acid sequences encoding a CAR.
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[00214] As disclosed herein, in a specific embodiment, @deia acid encoding a CAR is
integrated at a site within the genome of the @ieth that the CAR can be expressed in the cell
and produced at the cell surface. The site ofjnattion reduces or prevents expression of a
functional T cell receptor (TCR) complex at thefaoe of the cell. The cell thereby can become
a TCR negative cell. Such a TCR negative celllmnseful, for example, in the case of

utilizing non-autologous T cells, for reducing draérsus host disease (GVHD) in the recipient.
Generating a TCR negative cell also can be us&@@aba subject having an autoimmune disease
with autologous cells, since the autoimmune reaghi@vided by the subject’s own T cells can
be reduced by reducing or preventing expressianfahctional TCR complex that targets an

autoantigen.

[00215] The T cell receptor (TCR) is a heterodimer of TGRnAd TCRB chains. The TCR
complex is formed by TCR and CD3 gammngp CD3 delta §), CD3 epsilong), and CD3 zeta

() (see, for example, Call et aCell 111:967-979 (2002)). Disruption or reduced exgimsof
one or more of a T cell receptor alpha chain, Treeleptor beta chain, CD3 gamma chain, CD3
delta chain, CD3 epsilon chain, or CD3 zeta chamlme used to reduce or prevent formation of
a functional T cell receptor (TCR) complex. Byueihg or preventing the formation of a
functional TCR complex, the T cell no longer meegan immune response through its TCR
complex. In one embodiment, a nucleic acid ena@di€AR is integrated at a site within the
genome that disrupts or reduces the expressioT afedl receptor alpha chain, T cell receptor
beta chain, CD3 gamma chain, CD3 delta chain, Qi38an chain, or CD3 zeta chain. While
the reduction of one of the TCR complex proteins loa sufficient, it is understood that more

than one component of the TCR complex can be relufcgesired.

[00216] Itis understood that the site of integration ia genome of the cell is targeted to
place the transgene under control of an endoggmausoter. The integration can be, by way of
example but not limitation, integration into an axmtegration into an intron, or integration at
the B end of the gene. In one embodiment, integratidhetransgene results in disruption of
the endogenous gene at the site of integratiora preferred embodiment, it is understood that
the site of integration in the genome of the cethirgeted to reduce or disrupt expression of a
component of the TCR complex, for example, T aatleptor alpha chain, T cell receptor beta
chain, CD3 gamma chain, CD3 delta chain, CD3 epgilain, or CD3 zeta chain. One skilled
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in the art can readily determine a suitable pasitidithin a gene encoding a T cell receptor alpha
chain, T cell receptor beta chain, CD3 gamma ch@d8 delta chain, CD3 epsilon chain, or
CDa3 zeta chain to integrate a CAR encoding nueleid to reduce or disrupt expression of T
cell receptor alpha chain, T cell receptor betarg@D3 gamma chain, CD3 delta chain, CD3
epsilon chain, or CD3 zeta chain. Such methodsvatieknown in the art and can include, but
are not limited to, integration into an exon, imeg@n into an intron, integration at theehd of

the gene, and the like. It is understood thatiatrgn or exon of the gene can support the
targeting construct. One skilled in the art caadily determine a suitable site for targeted
integration of a transgene that, if desired, vatluce or disrupt expression of an endogenous
gene under control of the endogenous promotereagith of integration. In a particular
embodiment, the site of integration is within tivetfexon. It is understood that, when selecting
a site for integration of a transgene, the integnasite occurs in a non-essential gene, i.e.n@ ge
that is not necessary for cell viability or proftd&ion of the cell, particularly in the case where
expression of the endogenous gene will be disruptiea preferred embodiment, one skilled in
the art can readily determine a suitable sitedogeted integration of a nucleic acid sequence
encoding a CAR that will reduce or disrupt expressf TCR complex protein such as T cell
receptor alpha chain, T cell receptor beta chaid3 Gamma chain, CD3 delta chain, CD3
epsilon chain, or CD3 zeta chain, and/or place2A& encoding nucleic acid sequence under
the control of the endogenous promoter of the r@spegene encoding the TCR complex
component. In one embodiment, the site of intégnas within the first exon (see Example). In
a particular embodiment, the site of integratiowiiin the first exon of the TCR alpha constant
chain (TRAC). In a preferred embodiment, a transgsuch as a nucleic acid encoding a CAR,
is placed under control of an endogenous TCR premddetails thereof are described in
provisional application Nos. 62/323,623, filed Adrb, 2016, and 62/323,675, filed April 16,

2106, which are incorporated herein by referendbeir entireties.

[00217] If desired, the integration site and targeting tats can be designed to provide
integration of a transgene in frame with the endogs gene, resulting in expression of a fusion
protein of the transgene and the endogenous geaalso US20130280222). In a preferred
embodiment, the integration site and targeting tanscan be designed to provide integration in
frame with the endogenous gene, resulting in espyasf a fusion protein of a CAR and the

TCR complex protein. Optionally, such a constaar contain a P2A directly bf the
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transgene, allowing the expression of the transgéaedesired location in the cell without being
fused to the gene product of the endogenous géaeh a construct provides for expression of
both the transgene and the endogenous gene atelod imtegration, and such a construct can be
utilized if disruption of the endogenous gene igideental to the T cell or would result in a
decrease in its effectiveness in T cell therapya preferred embodiment, such a construct can
contain a P2A directly'®f the nucleic acid sequence encoding the CARwatlg the

expression of the CAR at the surface of the cetheut being fused to TCR complex protein. It
is further understood that another gene also cantegrated into the genome such as a gene
encoding a second CAR, or a safety switch (e.ducible caspase 9 (iCasp9) or herpes simplex
virus thymidine kinase (HSVtk), see T&tjin. Trangl. Immunology 3(6):e17), or an
immunomodulatory molecule, and the like. In ondediment, integration of the same or
different genes (transgenes) occurs in differemgetiagenes, respectively. In a specific aspect,

different genes (transgenes) are integrated atiffezent integration sites, respectively.

[00218] The homologous recombination system is designetyusethods well known in the
art to target a desired site within the genomegf@ample, a site within the gene encoding T cell
receptor alpha chain (Chromosome 14, NC_00001234(2506..22552132)), T cell receptor
beta chain (Chromosome 7, NC_000007.14 (142299012813287)), CD3 gamma chain
(Chromosome 11, NC_000011.10 (118344316..1183537/8P)3 delta chain (Chromosome 11,
NC_000011.10 (118339074..118342744)), CD3 epsit@inc(Chromosome 11, NC_000011.10
(118304580..118316175)), or CD3 zeta chain (Chremasl, NC_000001.11
(167430640..167518616)), as is known in theGlrtomosome location numbers correspond to
the current assembly: GRCh38.p2).

[00219] As described herein, in one embodiment, the integraite can target a gene that is
expressed from only one allele, for example, TQ#ha) TCR beta, Y or X chromosome-specific
genes. In such a case, it can be sufficient egnate a transgene at a single site within the
genome. In a preferred embodiment wherein thestyame encodes a CAR, in such a case, it can
be sufficient to integrate a nucleic acid encodingAR at a single site within the genome. This
strategy can be utilized to ensure that only oaestgene copy per cell is expressed. Optionally,

in the case where a gene to be targeted for irttegra present on two alleles, targeted
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homologous recombination can occur at both allelesuch a case, the targeted integration can

occur at one locus or two loci.

[00220] Assays can be used to determine the transductiicreaty of a transgene, preferably
encoding a CAR, using routine molecular biologyhtgdques. Gene transfer efficiency can be
monitored by fluorescence activated cell sorting@S) analysis to quantify the fraction of
transduced T cells, and/or by quantitative PCRingJa well-established cocultivation system
(Gade et al.Cancer Res. 65:9080-9088 (2005); Gong et dlleoplasia 1:123-127 (1999);
Latouche et alNat. Biotechnol. 18:405-409 (2000)) it can be determined whethepblast
AAPCs expressing cancer antigen (vs. controlsctizgtokine release from transduced T cells
expressing a CAR (cell supernatant LUMINEX (AusEiX) assay for IL-2, IL-4, IL-10, IFNy,
TNF-a, and GM-CSF), T cell proliferation (by carboxyfhescein succinimidyl ester (CFSE)
labeling), and T cell survival (by Annexin V staig). T cells expressing a CAR can be exposed
to repeated stimulation by target antigen positie#s, and it can be determined whether T cell
proliferation and cytokine response remain sinladiminished with repeated stimulation. In a
preferred embodiment, T cells expressing a CARbeaexposed to repeated stimulation by
cancer antigen positive target cells, and it caddiermined whether T cell proliferation and
cytokine response remain similar or diminished wépeated stimulation. Cytotoxicity assays

with multiple E:T ratios can be conducted usingoohium-release assays.
7.4 Endogenous T Cell Promoters

[00221] The invention relates to expressing a therapergticsgene in a T cell by integrating
the transgene at a site within the genome of thelllsuch that the transgene is placed under the
control of an endogenous promoter of the T cel.uBlizing an endogenous promoter, T cells
are engineered to express a therapeutic transgeaejariety of therapeutic transgenes under the
control of different endogenous promoters. Inecdix embodiment, expression of the
transgene is dependent on the microenvironmeriteoT tcell. For example, expression of a
therapeutic transgene can be made dependent érctimn of the T cell (e.g., expression of a
transgene only in proximity to a tumor) by usingesmogenous promoter that is induced when
the T cell is at a particular location (e.g., wiiea T cell is at the location of a tumor and is

activated by binding to tumor antigen, thereby idg the endogenous promoter), or can be at
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defined time points (e.g., by using an endogenoospter that is induced at a defined time
point, e.g. by activation of the T cell upon endmuimg a tumor cell). The promoter is selected
based on, for example, how soon it is activateluibited after encounter of the T cell with an
antigen, how strongly it is expressed, and for lavg. The promoter is selected to
accommodate the pharmacology for the transgeneenqwression it regulates (e.g., some
transgenes are more effective at low levels, dilamsgenes are more effective at high levels of
expression, and the like). It will be understoldttthe description in this disclosure with respect
to use of an endogenous promoter (singular) cdimgathe expression of a transgene ina T cell
will apply equally to the use of more than one egetwmus promoter, each controlling the
expression of a transgene (that can be the sadiferent from the other transgenes), in the T
cell, unless context indicates otherwise. Ondeskih the art can readily select appropriate
endogenous promoters to provide desired expressidfor regulation of one or more transgenes

to enhance the effectiveness of a T cell for usk ¢ell therapy.

[00222] The endogenous T cell promoters can be constitotiveducible. In a specific
embodiment, the endogenous promoter is specifia &urbset of T cells. In the case where more
than one transgene is expressed in a T cell,rdmesgenes (which may be different from each
other) can be placed under control of a combinatfaconstitutive and inducible promoters,

respectively, of which one or more can be, for eplamspecific for a subset of T cells.

[00223] In one aspect of the embodiments described hdherendogenous promoter is not

an interleukin 4 (IL4) promoter.

[00224] In one embodiment, the endogenous T cell promsteomstitutive. In another
embodiment, the endogenous T cell promoter is iitdieic In a specific embodiment, the
endogenous T cell promoter is active in a subs@&ta#lls. In one embodiment, two or more
transgenes are integrated into the genome of ttedl Tsuch that expression of each transgene is
under the control of a different endogenous prommit¢he T cell. In a specific embodiment,

two transgenes are thus integrated. In a partiemdodiment, the expression of each of two
transgenes is under the control of different endogs promoters that are constitutive. In
another particular embodiment, the expression ¢ @atwo transgenes is under the control of

different endogenous promoters that are inducibieanother particular embodiment, the
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expression of a first transgene is under contral cbnstitutive endogenous promoter and
expression of a second transgene is under corftesl mducible endogenous promoter. In
another particular embodiment, three transgenemeagrated into the genome of the T cell,

such that expression of each transgene is undeotiteol of a different endogenous promoter of
the T cell, where expression of a first transgengnider control of a constitutive endogenous
promoter and expression of second and third temessgyis under control of two different
inducible, endogenous promoters, respectivelys understood that, depending on the transgene
to be expressed in the T cell, a promoter can leeteel to provide an appropriate expression
level, time of expression, expression when thellli€@ a particular microenvironment, and so
forth. For example, expression of transgene lbeannder control of a constitutive promoter,
expression of transgene 2 can be under contrat afducible promoter that is activated shortly
after contact with an antigen recognized by thell; and expression of transgene 3 can be
under control of a different inducible promoterttisaactivated at a later time or at a different
level than for transgene 2. In this particularrapée, transgene 1 is expressed constitutively, and

transgenes 2 and 3 are under control of inducitwenpters with distinct characteristics.

[00225] Engineering of T cells of the invention to expragsansgene from an endogenous T
cell promoter provides for autonomous regulatiotrafisgene expression by the T cell. Thus,
the microenvironment of the T cell can be usedordinate the expression of multiple
transgenes to provide optimized activity of thesgenic T cell, particularly when at least one
gene is under control of an inducible promoterr é&ample, T cell therapy can be accompanied
by administration of a T cell stimulatory cytoki(eee Sadelain et aCancer Disc. 3:388-398
(2013)). In one embodiment, the T cells of theemyon can be engineered to co-express a CAR
and a second transgene, such as a T cell activajtogine. For example, a CAR can be placed
under control of a constitutive promoter, and aogsddransgene such as a T cell activating
cytokine (e.g., interleukin 12 (IL12)) can be pldaender control of an inducible promoter such
that activation of the inducible promoter contmadjithe second transgene occurs when the T cell
is in proximity to an antigen recognized by the C&ih as on a tumor, for example, when the
T cell engages a target tumor antigen by bindingp¢oCAR. In this example, such a construct
obviates the need for systemic or localized adrivation of a T cell activating cytokine, which
can result in toxicity. In addition, in the casbexe the T cell is engineered to express a T cell

activation cytokine under control of an induciblemoter that can be regulated by
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administration of a drug, such a construct obvitlteneed to administer the drug. In such a
case, instead of needing to administer a drugdode expression of a transgene, regulation of
transgene expression is under control of an endmngepromoter, which provides for expression
of the transgene. Instead, the T cell itself, uppgagement with a target antigen, activates
expression of a T cell activating cytokine, prowigliocalized expression of the cytokine, and
therefore spatio-temporal regulation of expressibimansgenes to optimize the effectiveness of

the T cells to be used for immunotherapy.

[00226] In another example, a T cell expressing a CAR camesimes exhibit toxicities. To
reduce such toxicity, in a specific embodimentaasgene encoding a CAR can therefore be
placed under control of an inducible promoter st the promoter is not induced, and
expression of the CAR does not occur, until theellTis engaged with a target recognized by the
CAR, such as a target tumor. In yet another enmbeni, a T cell can be engineered to have
higher selectivity for a particular target. Foaaple, in some cases a target antigen on a tumor
may not be expressed on the tumor only. Therefargeting of a T cell to the target antigen
could result in an immune response against noretae]ls or tissues that express the same
antigen. Accordingly, in one embodiment, a T oéllhe invention is engineered to recognize
two antigens on a target tumor, which provides éiglelectivity for the target tumor. For
example, the T cell can be engineered to expres#Rs specific for two different tumor
antigens. In this case, selective binding of theell'to a target bearing two target antigens can
be coupled with a third transgene under contr@lroinducible endogenous promoter, such as a
T cell activating cytokine as described above,ghgrstimulating activation of the T cell with

the cytokine only upon selective engagement wighténget. A person skilled in the art will
readily understand that selection of suitable theutic transgenes to be expressed under the
control of suitable endogenous T cell promotetthegiconstitutive, specific for a subtype of T
cells, inducible, or a combination thereof, carubed to generate autonomously regulated
expression of transgenes to provide more effedtigell therapy. In one embodiment, instead of
using a fully competent CAR targeting one antigem, sub-optimal CAR targeting two different
antigens need to be engaged for a full antitumgpoese. If healthy tissues express one or the
other antigen, they healthy tissue will not fulygage a CAR T cell response. If the tumor

expresses the two antigen, it will then triggepeplete CAR T cell activity.
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[00227] The invention relates to optionally using both ddnsve and inducible promoters,
since a T cell can be engineered to specificalpoad to a particular molecular cue to produce
new therapeutic molecules at a chosen locatiortiaved For example, a transgene encoding an
antigen-specific cell-surface receptor can be esg@é from a constitutive promoter and will
only signal upon interaction with that particulatigen. Then, this interaction induces the
activation of a specific promoter that controls éx@ression of a therapeutic molecule. The
therapeutic benefit of this particular engineerezkll depends on the function of both
constitutive and inducible promoters. In a patacembodiment, a CAR can be under the under
the control of a constitutive promoter (e.g., TRATD3s, B2M...). In a particular embodiment,
another therapeutic transgene (monoclonal antiljdugckpoint inhibitor, and the like) or
cytokines (e.g., IL12, IL18 and the like) are unttex control of promoter activated by CAR
engagement (e.g., IL2, IFNg, CD69...). In such a&cH® transgene would be expressed upon

CAR activation and specifically be expressed intthmor.

[00228] In one embodiment, the invention relates to expmgs3 transgenes, or more. For
example, transgene 1 can be constitutive, transg@aa come in shortly after contact with
antigen, and transgene 3 can come on later odiffeaent level than transgene 2. In this
example, expression of transgene 1 is under theatai an endogenous constitutive promoter,
expression of transgene 2 begins shortly afterambntith antigen by virtue of being controlled
by an endogenous promoter induced by antigen engaige and expression of transgene 3
begins later or at a different level than transg2bg virtue of being controlled by an
endogenous promoter induced later or providingafdifferent level of expression than the
endogenous promoter regulating transgene 2 . isre#ample, transgene 1 is constitutive and
transgenes 2 and 3 are inducible (each with diskinetic characteristics). In a particular
embodiment, transgene 1 encodes a CAR specifigrfiigen A, e.g., on tumor cells, where
transgene 1 is constitutively expressed. Aftedinig to antigen A, transgene 2 is expressed,
which encodes another CAR specific for antigen .B.(@lso expressed on tumor cells or on
other cells within the tumor microenvironment).amsgene 3 can be, for example, a third CAR;
this third CAR can recognize antigen C, e.g., als¢he tumor cells or other cells within the
tumor microenvironment. This example is a forniadmbinatorial targeting” using
temporal/sequential expression of different CAR$Hgysame T cell. In another particular

embodiment, transgene 1 encodes a CAR (or TCR)fgpir antigen A; transgene B encodes
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a cytokine, and transgene 3 encodes another cgakia costimulatory ligand or an scFv, for
example, recognizing an antigen on the same cells, fumor cells) that express antigen A or
cells in the same microenvironment. This is amgXa of sequential gene activation designed
to increase T cell potency and safety by confilgage expression to a microenvironment such
as the tumor microenvironment. Thus, a persoteskih the art can select an endogenous T cell
promoter for placement of a desired transgenedvige desired expression characteristics of the

transgene.

[00229] It is further understood that certain transgenes ,(enmunostimulatory transgenes --
those that when expressed provide an immunostionylaffect) are desirable to expressina T
cell that is immunostimulatory, whereas other tggmes (e.g., immunoinhibitory transgenes --
those that when expressed provide an immunoinhibéfiect) are desirable to expressina T
cell that is immunoinhibitory. It is understoodtla person skilled in the can readily determine
suitable transgenes to express in a T cell depgratirwhether it is desired to stimulate or

inhibit an immune response. As will be clear, iafprred embodiments, an immunostimulatory
transgene is expressed in an immunostimulatoryllfastimulate an immune response in the
subject to which the T cell is administered, andnamunoinhibitory transgene is expressed in an
immunoinhibitory T cell to inhibit an immune ressenin the subject to which the T cell is

administered.

[00230] Constitutive Promoters. In one embodiment, a fewtc transgene is integrated at a

site within the genome of a T cell such that exgiesof the transgene is placed under control of
an endogenous promoter that is constitutive. Tmstitutive promoters can be used to express a
transgene such as a CAR or CCR to activate the memesponse. A constitutive promoter can
also be used to inhibit an immune response if atsexpression of an inhibitory CAR (iCAR)

containing PD1 and or cTLA4 intracellular domainddhe like.

[00231] In one embodiment, a constitutive promoter is a To@éoter, i.e., a promoter of a
protein of the T cell receptor complex (TCR) (se@ibples). In a particular embodiment, the
endogenous promoter is a promoter of a gene engadincell receptor alpha chain, T cell
receptor beta chain, CD3 gamma chain, CD3 deltancl8d3 epsilon chain, or CD3 zeta chain.
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[00232] In another embodiment, a constitutive promoterloarbut is not limited to, a
promoter such as CD4 promoter, CD8a promoter, Qi?8moter, TCRa promoter, TCRb
promoter, CD3d promoter, CD3g promoter, CD3e pr@ma@nd CD3z promoter, or the like (see

also Table 1, promoters indicated as constitutive).

[00233] Table 1. Exemplary Constitutive and Inducible Potens and Corresponding
Inducers.

T cells Promoter I nducer Immunue response Reference
subset
CDA4 CD4 constitutive Activation/inhibitior
cDS CD8e const?tut?ve Act?vat?on/@nh?b?t?or
CD8k constitutive Activation/inhibitior
TCRe constitutive Activation/inhibitior
TCRE constitutive Activation/inhibitior
CD3 CD3c constitutive Activation/inhibitior
CD3c¢ constitutive Activation/inhibitior
CD3e constitutive Activation/inhibitior
CD3: constitutive
NFAT/AP1/NFkb activated (Ca2
Actin dependent - CAR/TCR + CD28)
NFAT/AP1/NFkb activated (Ca2
CD25 dependent - CAR/TCR + CD28)
cD3 NFAT/AP1/NFkb activated (Ca2
IL2 dependent - CAR/TCR + CD28) 1
NFAT/AP1/NFkb activated (Ca2
CD69 dependent - CAR/TCR + CD28) 2
NFAT/AP1/NFkb activated (Ca2
GzmB dependent - CAR/TCR + CD28)
IFNg-IFNg-R - (STAT1) + TCR 3
Thi T-bet activation (NFAT, AP-1, NFkb)
IFNg T-bet + IL2 (STAT5S
TIM3 T-bet 4
IL4-IL4AR (STAT6) + TCR activatiol 5
(NFAT, AP-1, NFkb) + Th2
IL4 commitment (GATA-3, c-MAF)
GATAS IL4-ILAR (STAT6)
Th2 Th2 commitment (GAT-3, -MAF) +
IL5 NFAT1
Th2 commitment (GAT-3, -MAF) +
IL13 NFAT1
IL10 NFAT + IRF4 6
IL27 (STAT 1/3)- IL6 (STAT3) 7
Thi7 IL6-IL6R (STAT3- ROR) + IL2:-
IL17A IL23R + TGFB-TGFBR
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IL6-IL6R (STAT3- ROR)- TCR 8
IL6 activation (NFAT, AP-1, NFkb)
IL6-IL6R (STAT3- ROR)- TCR 9
activation (NFAT, AP-1, NFkb) -
IL21 IL21-IL21R

IL21-IL21R - IL23-IL23R - TGFB- 10
IL23R TGFBR
TGFB-TGFBR (SMAD), 1L2/15 11
(STATD5) + low affinity Antigen TCR
iTregs | FoxP3 activation (NFAT but no AP1)

CTLA4 NFAT + FoxP: 12
CD2t NFAT + FoxP:

NFAT/AP1/NFkb activated (Ca2 13
PD1 dependent - CAR/TCR + CD28)
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[00234] T Cell Subset-Specific Promoters. In one embodtiretherapeutic transgene is

integrated at a site within the genome of a T @t that expression of the transgene is placed
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under control of an endogenous promoter that iseot a subset of T cells. It is understood
that such promoters that are active in a subsétaadls are inactive or have low activity in other
T cells. Exemplary promoters that are active subset of T cells include, but are not limited to,
promoters such as CD4 promoter, CD8a promoter, Gid@imoter, TCRa promoter, TCRb
promoter, CD3d promoter, CD3g promoter, CD3e pr@mdD3z promoter, actin promoter,
CD25 promoter, IL2 promoter, CD69 promoter, GzmBrpoter, T-bet promoter, IFNgamma
promoter, TIM3 promoter, IL4 promoter, GATAS3 proreatIL5 promoter, IL13 promoter, IL10
promoter, IL17A promoter, IL6 promoter, IL21 proregtlL23R promoter, FoOxP3 promoter,
CTLA4 promoter, CD25 promoter, PD1 promoter, CD450moter, CCR7 promoter, CD28
promoter, CD95 promoter, CD28 promoter, CD27 prandfD127 promoter, PD-1 promoter,
CD122 promoter, CD132 promoter, KLRG-1 promoter AHDR promoter, CD38 promoter,
CD69 promoter, Ki-67 promoter, CD11a promoter, Cps@moter, CD99 promoter, CD62L
promoter, CD103 promoter, CCR4 promoter, CCR5 ptem&CR6 promoter, CCR9 promoter,
CCR10 promoter, CXCR3 promoter, CXCR4 promoter, GitBmoter, Granzyme A promoter,
Granzyme B promoter, Perforin promoter, CD57 prana€D161 promoter, IL-18Ra promoter,
c-Kit promoter, and CD130 promoter (see Tablesd.Zn

[00235] In Table 2, the expression levels are comparedaiteeriT cells in the different T cells
differentiation subsets, as reported by Mahnké.eEar. J. Immunol. 43(11):2797-809. doi:
10.1002/€ji.201343751 (2013). After activationabyCR or a CAR, T cells are going through
differentiation, and specific genes are being atéd or repressed. The inducer is the initial
activation by a TCR or CAR, but signaling also coués the co-stimulations that will impact on
the differentiation of the T cell (see also Mahmkel.,Eur. J. Immunol. 43(11):2797-809. doi:
10.1002/€ji.201343751 (2013)).
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[00236]

Table 2. Exemplary Promoters Specific for T CelbSets (see Mahnke et &uyr. J.
Immunol. 43(11):2797-809. doi: 10.1002/€ji.201343751 (2D.13)

N stem cell central transition | effector terminal
Naive
mem mem al mem mem eff
CD45RO - - + + + .
CCR?7 + + + - - -
CD28 + + + + - -
CD95 - + + + + +
CD28 + ++ ++ ++ - -
CD27 ++ + + + -/+ -
CD127 ++ +++ +++ ++ -/+ -
PD-1 - -/+ + ++ + +
CD122 - + ++ +++ +++ +++
CD132 + + + + + +
KLRG-1 - ND -/+ + ++ +++
HLA-DR - - -/+ -/+ + -
CD38 + -/+ - - - -
CD69 - - - - - -
Ki-67 - - -/+ -/+ -/+ -
CD11a + ++ ++ +++ +++ +++
CD58 - + ++ +++ +++ +++
CD99 -/+ + ++ ++ ++ ++
CD62L + + + - - -
CD103 - - - - + -
CCR4 -/+ + ++ +++ +++ -/+
CCRS - - + ++ +++ ++
CCR6 - - ++ +++ +++ -
CCR9 CD4 - ND + - - -
CD8 - ND + ++ ++ -
CCR10 - - + ND ++ -
CXCR3 CD4 - -/+ + ++ ++4+ +++
CD8 ++ +++ +++ ++ + +
CXCR4 + ++ +++ +++ ++ ++
CLA - ND + ND ++ ND
Granzyme CDh4 - - - - -/+ +
A CD8 - - -/+ ++ +++ +++
Granzyme CD4 - - - - -/+ -/+
B CD8 - - - + ++ +++
Perforin cDh4 - - - - -/+ -/+
CD8 - - -/+ + ++ +++
CD57 - - - -[+ ++ +++
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CD161 - - -/+ + +++ +++

IL-18Ra - -/+ + ++ +++ +++
c-Kit - - - ND +++ ND

CD130 ++ + -/+ - - -

[00237] In general, there is usually not a single induoeraf single promoter, but signal
pathways engaging and activation/repression ldogisi¢ad to promoter activation. These
signaling pathways are triggered by multiple indea@nd result in the commitment of the T cells
to a subset or a phenotype. However, certain gex@®ssion patterns are very specific to
subsets and phenotypes; and their promoter caarpeted, e.g., T-bet and INFgamma in Thl;
GATAZ3, IL4 and IL10 in Th2; IL6 in Th17; FoxP3 inrdg. Thus, an endogenous promoter can
be selected for integration of a transgene to pefor expression of the transgene in a particular

T cell subtype.

[00238] Inducible Promoters. In one embodiment, a therpéansgene is integrated at a

site within the genome of a T cell such that exgieesof the transgene is placed under control of
an endogenous promoter that is inducible. An ifldegromoter is one that is responsive to an
inducer that propagates a signal to the nuclessjtieg in activation of the inducible promoter
(see, for example, Table 1). In general, the iediga binding partner of a molecule expressed
by the T cell. For example, in the case of a remegthe binding partner can be its cognate

ligand, or in the case of a CAR, CCR or TCR, thalbig partner can be a target antigen.

[00239] In one embodiment, the endogenous inducible praniaduced by activation of
the T cell. In one embodiment, the endogenousditdielpromoter is induced by binding of a
chimeric antigen receptor (CAR) or a chimeric dmstatory receptor (CCR) expressed by the
T cell to its respective binding partner, for exdenpipon interaction with its corresponding
antigen. A more detailed description of CARs ai@RS are provided under the section below
describing therapeutic transgenes. Briefly, bo#R€ and CCRs contain intracellular signaling
domains. In the case of a CAR, the intracelluignaling domain activates a T cell, and
optionally contains a co-stimulatory domain (in tase of second and third generation CARS)
(see Sadelain et alCancer Discov. 3(4):388-398 (2013)). In the case of a CCR, ittams a co-
stimulatory signal but does not have a T cell ation signal (Sadelain et adypra, 2013).
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Binding of a corresponding antigen to a CAR or Q€8&ults in activation of the T cell signaling
domain and/or the co-stimulatory domain. The atibn of these signaling domains results in
propagation of a signal to the nucleus and actwatif certain endogenous promoters inthe T
cell. Intracellular signaling domains of a CAR@ER include, but are not limited to, the
intracellular domains of CD28, 4-1BB, CD27, ICO®)32, and the like, as well as other
intracellular signaling domains disclosed hereignaling can also occur with mutated (e.g,
mutated ITAMS), truncated or fused versions of gh@smains.

[00240] In another embodiment, the endogenous induciblmeter is induced by binding of
the T cell receptor (TCR), CD28, CD27, 4-1BB, ahd like, expressed by the T cell to its
respective binding partner. These molecules comidiacellular signaling domains. Upon
activation, the signaling domain results in progegeof a signal to the nucleus and activation of
certain endogenous promoters in the T cell. Irtl@@rceembodiment, the endogenous inducible
promoter is induced by binding of an iCAR (CAR witthibitory intracellular domain such as
PD1, CTLA4) or truncated CAR (no intracellular dama In one embodiment, the iICAR
functions as a ‘break’ for the T cells activatiquon target encounter through the signaling of
CTLA4 or PD1 intracellular domains. Thus promotiyst are regulated by PD1 or CTLA4 can
be used to express a transgene upon iCAR encowitkethe antigen. The transgene could for

example be an immunosuppressive molecule to fuddwtrol T cell activation.

[00241] We believe that truncated CARs would allow to addrthe T cell to a specific
location where its target is expressed. We alsewethat the created contact between CAR T
cells and target cells would eventually regulatenpoters than thus can be targeted for transgene

expression

[00242] In a particular embodiment, the promoter that &aiced by a CAR, CCR or TCR is
selected from the group consisting of nuclear fact@ctivated T cells (NFAT) promoter, PD-1
promoter, TIM-3 promoter, CTLA4 promoter, LAG3 proter, TRAIL promoter, BTLA
promoter, CD25 promoter, CD69 promoter, FasL pr@amdtlGIT promoter, and 2B4 promoter.
In a particular embodiment, CAR and TCR can botiul@e promoters that are in the signal
pathway of CD3 ITAM phosphorylation and regulatgdda2+-dependent transcription factors
(e.g., NFAT, NFkB, AP1 or CREB regulated genes sagh_2). Such promoters result in
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increased expression upon signaling from the pathwar CAR and CCR, genes regulated
upon antigen encounter depend on the domains tlie @@ CCR, respectively, are composed
of, e.g., a CD28 co-stimulatory domain induces prtars activated by he PI3K pathway, while
41BB co-stimulatory domain activation induces proens activated by the TRAF pathway.
Timely regulation of promoters, in response forragée to TCR/CD28 (as well as CARs
composed of CD28 and CD3zeta) activation, can bd tsregulate the timing of expression of
a transgene (see Figure 17; Best eiNat, Immunol. 14:404-413 (2013)). For example, upon
activation and memory formation of CD8+ T cellspqmoters in cluster 1 (12-24 hours) include,
for example, CTLA4 promoter, IFNgamma promoter, ®zmmomoter, IL2ra promoter, IL2
promoter, and the like; promoters in cluster 2 4B823ours) include, for example, CD69
promoter and Pkm2 promoter, and the like; and ptersan cluster 3 (24 hours to days) include,
for example, 1d2 promoter, KLRg1 promoter, Cxcr8mpter, Cxcr3rl promoter, ltgam
promoter, and the like (see also Figure 17 fortamithl exemplary promoters and Best et al.,
supra, 2013). An exemplary inducible promoter is 4-1B®moter. Another exemplary

inducible promoter is HIFlalpha, involved in thetaimlic response to hypoxia.

[00243] In another embodiment, the endogenous induciblmeter is induced by binding of
a ligand to an inhibitory receptor expressed onftlvell. Exemplary inhibitory receptors
include, but are not limited to, the receptors paogmed death 1 (PD-1), cytotoxic T
lymphocyte antigen-4 (CTLA-4), B- and T-lymphocwenuator (BTLA), T cell
immunoglobulin mucin-3 (TIM-3), lymphocyte-activati protein 3 (LAG-3), tumor necrosis
factor (TNF)-related apoptosis-inducing ligand (TIRAreceptors 1 and 2), Fas, T-cell
immunoreceptor with Ig and ITIM domains (TIGIT),ch8B4 (CD244). The corresponding
ligands for these inhibitory receptors include, édgample, PD-L1 (for PD-1); PD-L2 (for PD-1);
CD80, CD86 (for CTLA-4); HVEM (for BTLA); Galecti®, HMGB1 (for TIM-3); MHC II (for
LAG-3); TRAIL (for TRAIL receptor 1 and TRAIL recépr 2); Fas ligand (FasL) (for Fas), and
the like (see Chen et al., Nat. Rev. Immunol. 12@j-242 (2013); Tollefson et al., Viral.
75:8875-8887 (2001); Waring et dimmunol. Cell Biol. 77:312-317 (1999)).

[00244] In a particular embodiment, the promoter that duced by binding of a ligand to an
inhibitory receptor is selected from the group dsiirsg of CPT1a promoter and ATGL

promoter.
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[00245] In another embodiment, the endogenous induciblmeter is induced by binding of

a cytokine to a cytokine receptor expressed byl'thell. In one embodiment, the cytokine is an
immunostimulatory cytokine selected from the greopsisting of interleukin 2 (IL2),

interleukin 7 (IL7), interleukin 15 (IL15), and erleukin 21 (IL21). In another embodiment, the
cytokine is an immunoinhibitory cytokine, such aterleukin 10 (IL10), transforming growth
factorf3 (TGH3); IL4, IL9, or Thymic stromal lymphopoietin (TSLP)

[00246] In a particular embodiment, the promoter is induog@ cytokine selected from the
group consisting of T-bet promoter, Eomes promd@&TA3 promoter, and CD45RA

promoter.

[00247] In another embodiment, the endogenous induciblmgpter is induced by contact of a
cell with a nucleic acid. In a particular embodimyehe nucleic acid is selected from the group
consisting of viral DNA, viral RNA, and intracelad microRNA. Exemplary promoters that are
induced by contact of the cell with a nucleic aaidude, but are not limited to, promoters of the
Type | interferons (IFNs) (alpha and beta), IRF8 HF7 transcription factors, NFkB and AP-1
transcription factors, pro-inflammatory cytokind$\fF-alpha, IL1, IL6), and the like.

[00248] In another embodiment, the endogenous induciblmgter is induced by a

metabolite. In a particular embodiment, the meitb selected from the group consisting of
pyruvate, glutamine, beta-hydroxybutyrate, lactate] serine. These metabolites are generated
or taken up during T cell activation, which transkainto a metabolic change in the T cell.
Exemplary promoters that are induced by a metabatie those of: c-Myc, HIF-1alpha,
ERRalpha, CD98, SLC1A5, Psatl, Phgdh, psph, Mth¥tBfd1, Mat2a, Mtrr, Mtr, Shmt1,

Shmt2 (see Wang et almmunity 35:871-882 (2011); Chang et aNat. Immunol. 17: 364-368
(2016); Ma et al.Cell Metab. 25:345-357 (2017)).

[00249] In another embodiment, the endogenous induciblmeter is induced by a metabolic
change. This refers to the metabolic state ot#lls. For example, when naive T cells rely on
oxidative phosphorylation to generate energy, ahdnithey became activated and differentiate
into effector T cell, they switch to glycolysis generate energy. Hypoxia and low-pH also
induce metabolic changes (Chang etNdt, Immunol 17:364-368 (2016); McNamee et al.,
Immunol. Res. 55: 58-70 (2013)).
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[00250] In a particular embodiment, the promoter inducea loyetabolic change is PKM2
promoter. The PKM2 promoter is the same as for RKIMKM2 is generated through

alternative splicing when cells switch from oxidatiphosphorylation to glycolysis.

[00251] In another embodiment, the endogenous induciblmpter is induced by an ion,
such as a particular ion concentration. In oneaatimhent, the ion is potassium or calcium.
Exemplary promoters induced by an ion include,dratnot limited to the promoters of, IL2,
TNFalpha, and IFNgamma, which are activated in ANBependent manner. NFAT is

activated by increased levels of intracellular icatt
7.5 Therapeutic Transgenes

[00252] The invention relates to expressing a therapergitsgene in a T cell by integrating
the transgene at a site within the genome of thelllsuch that expression of the transgene is
under the control of an endogenous promoter offithell. A therapeutic transgene is a
nucleotide (e.g., DNA or a modified form thereagpsence encoding a therapeutic protein or
therapeutic nucleic acid. The therapeutic proteitherapeutic nucleic acid when expressed by
the T cell has use in treating a human or veteyidaease or disorder. The therapeutic nucleic
acid is preferably a therapeutic RNA. The theréipearotein can be a peptide or polypeptide.

[00253] In one aspect of the embodiments described hehartherapeutic transgene does not

encode a membrane-bound form of interleukin 4 (IL4)

[00254] Therapeutic transgenes include, but not limitedhtose encoding a CAR, chimeric
co-stimulatory receptor (CCR), TRC, cytokine, doamhnegative, microenvironment
modulator, antibody, biosensor, chimeric recepgarld (CRL), chimeric immune receptor
ligands (CIRL), soluble receptor, enzyme, ribozygemnetic circuit, reporter, epigenetic

modifier, transcriptional activator or repressarnrcoding RNA, or the like.

[00255] Itis understood that a transgene can encodexfonple, a cDNA, a gene, miRNA or
IncRNA, or the like. Additionally, the transgenancbe a polycistronic message, i.e., arrayed
cDNAs or arrayed miRNAs. One exemplary polycisttdransgene is the TCR chains.
Polycistronic messages can be engineered in tleSto express multiple transgenes under
control of the same endogenous promoter. Thu&nbgking 3 bicistronic transgenes at 3
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selected loci, one could express 6 gene produ@s engineered T cell. Thus, a number of
transgenes can be expressed in a T cell (1, 2,33,64and so forth, as desired), each under
control of separate endogenous promoters, or witlestransgenes (i.e., polycistronic
transgenes) under the control of the same endogegmomoter. The multiple transgenes can be
placed independently under the control of a canst# promoter or inducible. Thus, a
combination of constitutive and/or inducible proerstcan be used in a T cell to express

multiple transgenes in the same cell.

[00256] In a specific embodiment, the transgene is polsamst, e.g., bicistronic. In a
specific embodiment, the transgene is polycistranid encodes more than one therapeutic
protein or therapeutic RNA, where expression ohtat under the control of the same
endogenous promoter of the T cell. In a specifibediment, the transgene is bicistronic and
encodes two therapeutic proteins (for example, sgfvherein the expression of the scFvs are

both under the control of the same endogenous pgeyrobthe T cell.

[00257] In one embodiment, the therapeutic transgene es@d€R. In the case of a
transgene that is encoded on more than one poigeegitain, the transgene can be expressed
from more than one polynucleotide, i.e., the twoagling nucleic acids (e.g., cDNASs) are
coexpressed in a T cell. Accordingly, where a maubunit protein is desired to be expressed,
the different polypeptide subunits can be expref®ed different transgenes, i.e., the two
encoding nucleotide sequences (e.g., cDNA sequeapesoexpressed in a T cell from different
transgenes regulated by different endogenous Tpoathoters. In one embodiment, the a and b

chains of a TCR is expressed.

[00258] Chimeric Antigen Receptors (CARS). A chimeric gati receptor (CAR) is an

exemplary product encoded by a therapeutic trarsgethe invention. The CAR that is
recombinantly expressed by a cell of the inventias an antigen binding domain that binds to
an antigen. The antigen is associated with a siseadisorder present in the subject or desired

to be prevented in the subject to which the T isedldministered.

[00259] In specific embodiments, the CAR can be a “firgtgyation,” “second generation” or
“third generation” CAR (see, for example, Sadektial.,Cancer Discov. 3(4):388-398 (2013);
Jensen et allmmunol. Rev. 257:127-133 (2014); Sharpe et 8lis. Model Mech. 8(4):337-350
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(2015); Brentjens et alCGlin. Cancer Res. 13:5426-5435 (2007); Gade et &lancer Res.
65:9080-9088 (2005); Maher et allat. Biotechnol. 20:70-75 (2002); Kershaw et al.,
Immunol. 173:2143-2150 (2004); Sadelain et @urr. Opin. Immunol. (2009); Hollyman et al.,
J. Immunother. 32:169-180 (2009)).

[00260] “First generation” CARs are typically composed ofextracellular antigen binding
domain, for example, a single-chain variable fragnfscFv), fused to a transmembrane domain,
which is fused to a cytoplasmic/intracellular domef the T cell receptor chain. “First
generation” CARs typically have the intracellulanthin from the CD&-chain, which is the
primary transmitter of signals from endogenous ITreeeptors (TCRs) (see exemplary first
generation CAR in Figure 1A). “First generationARS can providele novo antigen

recognition and cause activation of both C2aad CD8 T cells through their CO3chain
signaling domain in a single fusion molecule, inelegent of HLA-mediated antigen
presentation. “Second-generation” CARs for usiiaéinvention comprise an antigen-binding
domain fused to an intracellular signaling domaipable of activating T cells and a co-
stimulatory domain designed to augment T cell pogeand persistence (Sadelain et @ncer
Discov. 3:388-398 (2013)). CAR design can therefore combintigen recognition with signal
transduction, two functions that are physiologic#lbrne by two separate complexes, the TCR
heterodimer and the CD3 complex. “Second genera@@Rs include an intracellular domain
from various co-stimulatory molecules, for exam@&28, 4-1BB, ICOS, OX40, and the like,
in the cytoplasmic tail of the CAR to provide adulial signals to the cell (see exemplary second
generation CAR in Figure 1A). “Second generati@&Rs provide both co-stimulation, for
example, by CD28 or 4-1BB domains, and activationexample, by a COZ3signaling domain.
Preclinical studies have indicated that “Seconde®sion” CARs can improve the anti-tumor
activity of T cells. For example, robust efficaaly'Second Generation” CAR modified T cells
was demonstrated in clinical trials targeting tH21G molecule in patients with chronic
lymphoblastic leukemia (CLL) and acute lymphoblagtukemia (ALL) (Davila et al.,
Oncoimmunol. 1(9):1577-1583 (2012)). “Third generation” CARewde multiple co-
stimulation, for example, by comprising both CD2&l&-1BB domains, and activation, for

example, by comprising a CD3activation domain.
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[00261] Inthe embodiments disclosed herein, the CARs gdlgeromprise an extracellular
antigen binding domain, a transmembrane domairaandtracellular domain, as described
above, where the extracellular antigen binding dorbands to an antigen of interest, such as a
cancer antigen or an antigen of an infectious gghpor of an autoimmune disorder, or of a
transplanted tissue. In a particular non-limitergbodiment, the extracellular antigen-binding

domain is an scFv.

[00262] As disclosed herein, the methods of the inventimolve administering cells that
have been engineered to express a CAR. The elittacantigen-binding domain of a CAR is

usually derived from a monoclonal antibody (mAb)frem receptors or their ligands.

[00263] The design of CARs is well known in the art (s@e,dxample, reviews by Sadelain
et al.,Cancer Discov. 3(4):388-398 (2013); Jensen et Alymunol. Rev. 257:127-133 (2014);
Sharpe et alDis. Model Mech. 8(4):337-350 (2015), and references cited theretnCAR
directed to a desired antigen can be generated ush known methods for designing a CAR,
including those as described herein. A CAR, whreshférst, second or third generation CAR,
can be readily designed by fusing a target antigeding activity, for example, a cancer antigen
binding activity, such as an scFv antibody diredtethe antigen, to an immune cell signaling
domain, such as a T cell receptor cytoplasmic/oafialar domain. As described above, the
CAR generally has the structure of a cell surfaoeptor, with the antigen binding activity, such
as an scFv, as at least a portion of the extrdaelflomain, fused to a transmembrane domain,
which is fused to an intracellular domain that bek signaling activity in a T cell. The CAR

can include co-stimulatory molecules, as descrhizgein. One skilled in the art can readily
select appropriate transmembrane domains, as bdeddrerein and known in the art, and

intracellular domains to provide the desired sigrptapability in the T cell.

[00264] A CAR for use in the present invention compriseg@mnacellular domain that
includes an antigen binding domain that binds tamstigen. In a specific embodiment, the
antigen binding domain binds to an antigen on déingett cancer cell or tissue. Such an antigen
binding domain is generally derived from an ant§poth one embodiment, the antigen binding
domain can be an scFv or a Fab, or any suitabigeembinding fragment of an antibody (see

Sadelain et alCancer Discov. 3:38-398 (2013)). Many antibodies or antigen mgdiomains
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derived from antibodies that bind to an antigechsas a cancer antigen, are known in the art.
Alternatively, such antibodies or antigen bindiragraiins can be produced by routine methods.
Methods of generating an antibody are well knowthaart, including methods of producing a
monoclonal antibody or screening a library to ab&m antigen binding polypeptide, including
screening a library of human Fabs (Winter and ldammunol. Today 14:243-246 (1993);

Ward et al. Nature 341:544-546 (1989); Harlow and Lane, Antibodied:aboratory Manual,
Cold Spring Harbor Laboratory Press (1988); Hilyat@l.,Protein Engineering: A practical
approach (IRL Press 1992); Borrabeckntibody Engineering, 2nd ed. (Oxford University Press
1995); Huse et alScience 246:1275-1281 (1989)). For the CAR, the antigemlinig domain
derived from an antibody can be human, humanizadjeric, CDR-grafted, and the like, as
desired. For example, if a mouse monoclonal adiibe a source antibody for generating the
antigen binding domain of a CAR, such an antibaaly lse humanized by grafting CDRs of the
mouse antibody onto a human framework (see Borkalsepra, 1995), which can be beneficial
for administering the CAR to a human subject. preferred embodiment, the antigen binding
domain is an scFv. The generation of scFvs is kvedivn in the art (see, for example, Huston,
et al.,Proc. Nat. Acad. Sci. USA 85:5879-5883 (1988); Ahmad et &ljn. Dev. Immunol. 2012:
ID980250 (2012); U.S. Patent Nos. 5,091,513, 54@2and 4,956,778; and U.S. Patent
Publication Nos. 20050196754 and 20050196754)).

[00265] With respect to obtaining an antigen binding attivone skilled in the art can readily
obtain a suitable antigen binding activity, suclaasntibody, using any of the well known
methods for generating and screening for an anyilieat binds to a desired antigen, as disclosed
herein, including the generation of an scFv thatlbito an antigen, which is particularly useful

in a CAR. In addition, a number of antigen antilesdin particular monoclonal antibodies, such
as cancer antigens or other antigens are commigraialilable and can also be used as a source

for an antigen binding activity, such as an scb\generate a CAR.

[00266] Alternatively to using an antigen binding domaimidied from an antibody, a CAR
extracellular domain can comprise a ligand or eeditalar ligand binding domain of a receptor
(see Sadelain et alCancer Discov. 3:388-398 (2013); Sharpe et &is. Model Mech. 8:337-
350 (2015)). In this case, the ligand or extragatlligand binding domain of a receptor
provides to the CAR the ability to target the epressing the CAR to the corresponding
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receptor or ligand. In a specific embodiment,lipand or extracellular ligand binding domain
is selected such that the cell expressing the GARrgeted to a cancer cell or tumor (see
Sadelain et alCancer Discov. 3:388-398 (2013); Sharpe et &is. Model Mech. 8:337-350
(2015), and references cited therein). In an enmbexak of the invention, the ligand or
extracellular ligand binding domain is selecteditnd to an antigen that is the corresponding
receptor or ligand (see Sadelain etGancer Discov. 3:388-398 (2013)).

[00267] For a CAR directed to a target antigen, the antlgeding domain of the CAR is
selected to bind to the target antigen (an anteygmessed on a target cell). Such a target
antigen can be uniquely expressed on a targetardhe target antigen can be overexpressed in a
target cell relative to non-target cells or tissu&he target antigen to be bound by the CAR is
chosen to provide targeting of the cell expressigCAR over non-target cells or tissues. In a
preferred embodiment, for a CAR directed to a caanégen, the antigen binding domain of the
CAR is selected to bind to an antigen expressea @ancer cell. Such a cancer antigen can be
uniquely expressed on a cancer cell, or the cartggen can be overexpressed in a cancer cell
relative to noncancerous cells or tissues. Theearaantigen to be bound by the CAR is chosen
to provide targeting of the cell expressing the Céer noncancerous cells or tissues. In one
embodiment of the methods of the invention fortingaa cancer, a T cell is designed to treat a
cancer patient by expressing in the cell a CAR binads to a suitable cancer antigen of the
patient’s cancer, as described herein. Similavhere a CAR is used to target an antigen of an
infectious disease pathogen, or an autoimmunedbspor of a transplanted tissue, the antigen
can be uniquely expressed on the target or attlgettsite, or overexpressed relative to non-

target tissues or non-target sites.

[00268] The cancer antigen can be a tumor antigen. Artglsei cancer antigen can be

chosen based on the type of cancer exhibited bpjec (cancer patient) to be treated. Itis
understood that the selected cancer antigen i®es@d in a manner such that the cancer antigen
is accessible for binding by the CAR. Generalig tancer antigen to be targeted by a cell
expressing a CAR is expressed on the cell surfhaecancer cell. However, it is understood

that any cancer antigen that is accessible foribhgnth a CAR is suitable for targeting the CAR
expressing cell to the cancer cell. Exemplary eaaatigens and exemplary cancers are

provided below in Table 3.
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[00269]

Table 3. Targeted Cancer Antigens and Correspgridancer Targets.

Antigen targeted Tumorsinvestigated References
B7-H3 Sarcoma and Neuroblastoma (1)
CD276
B7-H6 Ovarian and several solid cancers (2-4)
Nkp30
CAIX Renal cell carcinoma (5)
Carbonic Anhydrase I X
CEA Liver metastasis from Colon cancer, Colon, Pancrep$6-20)
Carcinoembryonic Antigen Gastric and Lung cancers
CSPG4 Melanoma, Mesothelioma, Glioblastoma, (21-24)
Chondroitin sulfate proteoglycan-4 Osteosarcoma, Breast, Head and Neck cancers
DNAM-1 Melanoma (25)
DNAX Accessory Molecule
EpHA2 Glioblastoma and Lung cancer (26, 27)
Ephrin type A Receptor 2
EpCAM Prostate cancer (28, 29)
Epithelial Cell Adhesion Molecule
ERBB family Head and Neck and Breast cancers (30, 31)
ERBB2 Prostate, Breast, Ovarian and Pancreatic cancers, | (32-48)
Glioblastoma, Meduloblastoma, Osteosarcoma, Ewing
sarcoma, Neuroectodermal tumor, Desmoplastic small
round cell tumor and Fibrosarcoma
EGFRvIII Glioma/Glioblastoma (49-56)
Epidermal Growth Factor Receptor
vill
FAP Tumor associated fibroblast in Lung cancer, (27, 57-59)
Fibroblast Associated Protein Mesothelioma, Breast and Pancreatic cancers
FRa and B Ovarian cancer (60-64)
Folate Receptor
GD2 Neuroblastoma, Edwing sarcoma, Melanoma (65-71)
Disialoganglioside
GD3 Melanoma and other Neuroectodermal tumors (72, 73)
Gpl00/HLA-A2 Melanoma (74, 75)
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IL-13Ra2 Glioma/Glioblastoma (81-87)
Medullobastoma
LewisY Ovarian (88) (89, 90)
LMP1 Nasopharyngeal cancer (91)
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CD271 L1-Cellular Adhesion Renal carcinoma
Molecule
Muc-1 Prostate and Breast cancers (43, 94-96)
Mucin-1
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MSLN Ovarian, Mesothelioma, Lung cancers (99-107)
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Mesothelin
N-cam Neuroblastoma (108)
CD56 Neural cell-adhesion
moleculel
NK G2DL Ovarian (109, 110)
NKG2D Ligands
PSCA Prostate cancer (111-113)
Prostate Sem cell Antigen
PSMA Prostate (114-117)
Prostate Specific Membrane Antigen
ROR1 Epithelial solid tumors (117, 118)
Receptor tyrosine kinase-like Orphan
Receptor
TAG72 Gastrointestinal, Colon and Breast cancers (119-122
Tumor Associated Glycoprotein 72
TRAIL R Various type of cancer (123)
Trail Receptor
VEGFR2 Tumor associated vasculature (124-127)
Vascular Endothelial Growth Factor
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CD166 Lung cancer (Teicher, Biochemical Pharmacology,
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[00270] Suitable cancer antigens include, but are notédidhib, mesothelin (MSLN), prostate
specific membrane antigen (PSMA), prostate steimaogigen (PCSA), carbonic anhydrase 1X
(CAIX), carcinoembryonic antigen (CEA), CD5, CD @0, CD19, CD20, CD22, CD30,
CD33, CD34, CD38, CD41, CD44, CD49f, CD56, CD74,12B, CD133, CD138, epithelial
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glycoprotein2 (EGP 2), epithelial glycoprotein-43P-40), epithelial cell adhesion molecule
(EpCAM), folate-binding protein (FBP), fetal acetigbline receptor (AChR), folate receptwr-
andp (FRa andp), Ganglioside G2 (GD2), Ganglioside G3 (GD3), har&pidermal Growth
Factor Receptor 2 (HER-2/ERB2), Epidermal GrowthtéaReceptor vill (EGFRVIII), ERB3,
ERB4, human telomerase reverse transcriptase (hTBR@rleukin-13 receptor subunit alpha-2
(IL-13Ra2), k-light chain, kinase insert domain receptor (KDBwis A (CA19.9), Lewis Y
(LeY), L1 cell adhesion molecule (LICAM), melanoraasociated antigen 1 (melanoma antigen
family A1, MAGE-A1), Mucin 16 (Muc-16), Mucin 1 (Me+1), NKG2D ligands, cancer-testis
antigen NY-ESO-1, oncofetal antigen (h5T4), tumssexiated glycoprotein 72 (TAG-72),
vascular endothelial growth factor R2 (VEGF- R2)|ri#g tumor protein (WT-1), type 1
tyrosine-protein kinase transmembrane receptor (ROBR/-H3 (CD276), B7-H6 (Nkp30),
Chondroitin sulfate proteoglycan-4 (CSPG4), DNAXcAssory Molecule (DNAM-1), Ephrin
type A Receptor 2 (EpHA?2), Fibroblast Associatedt&n (FAP), Gp100/HLA-A2, Glypican 3
(GPC3), HA-1H, HERK-V, IL-11R, Latent Membrane Protein 1 (LMP1), Neural cell-esibn
molecule (N-CAM/CD56), and Trail Receptor (TRAIL.RI is understood that these or other

cancer antigens can be utilized for targeting bgrecer antigen CAR.

[00271] As described above, a CAR also contains a signdlamgain that functions in the T
cell expressing the CAR. Such a signaling domamlee, for example, derived from CDr Fc
receptory (see Sadelain et aCancer Discov. 3:288-298 (2013). In general, the signaling
domain will induce persistence, trafficking andéffiector functions in the transduced T cells, or
precursor cells thereof (Sharpe et Bis. Model Mech. 8:337-350 (2015); Finney et al.,

Immunol. 161:2791-2797 (1998); Krause et al.Exp. Med. 188:619-626 (1998)). In the case of
CDC or Fc receptoy, the signaling domain corresponds to the intrata@lldomain of the
respective polypeptides, or a fragment of the aeflalar domain that is sufficient for signaling.

Exemplary signaling domains are described belomane detail.

[00272] Exemplary polypeptides are described herein wittremce to GenBank numbers, Gl
numbers and/or SEQ ID NOS. It is understood thatskilled in the art can readily identify
homologous sequences by reference to sequenceespuncuding but not limited to GenBank
(ncbi.nim.nih.gov/genbank/) and EMBL (embl.org/).
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[00273] CD3. In a non-limiting embodiment, a CAR can compasggnaling domain
derived from a CD3polypeptide, for example, a signaling domain deistom the intracellular
domain of CD3g, which can activate or stimulate a T cell. CR28mprises 3 Immune-receptor-
Tyrosine-based-Activation-Motifs (ITAMs), and tranis an activation signal to the cell, for
example, a cell of the lymphoid lineage such ascalll after antigen is bound. A CD3
polypeptide can have an amino acid sequence comdsy to the sequence having GenBank
No. NP_932170 (GIl:37595565; see below), or fragsémegreof. In one embodiment, the CD3
polypeptide has an amino acid sequence of amimis &2 to 164 of the Cl@3olypeptide
sequence provided below, or a fragment thereofishaifficient for signaling activity. See
GenBank NP_932170 for reference to domains witid3¢; for example, signal peptide, amino
acids 1 to 21, extracellular domain, amino acid$a220; transmembrane domain, amino acids
31 to 51; intracellular domain, amino acids 526d.11t is understood that a “CD8ucleic acid

molecule” refers to a polynucleotide encoding a Cpdypeptide.

1 MKVKALFTAA | LQAQLPI TE AQSFGLLDPK LCYLLDG LF | YGVI LTALF LRVKFSRSAD
61 APAYQQGONQ LYNELNLGRR EEYDVLDKRR GRDPEMGGKP QRRKNPQEGL YNELQKDKMA
121 EAYSEl GVKG ERRRGKGHDG LYQGLSTATK DTYDALHVQA LPPR (NP_932170; SEQ I D
NO. 16)

[00274] In certain non-limiting embodiments, an intracedlutlomain of a CAR can further
comprise at least one co-stimulatory signaling dom&uch a co-stimulatory signaling domain
can provide increased activation of a T cell. Astimulatory signaling domain can be derived
from a CD28 polypeptide, a 4-1BB polypeptide, andDXolypeptide, an ICOS polypeptide, a
DAP10 polypeptide, a 2B4 polypeptide, and the liIkBARs comprising an intracellular domain
that comprises a co-stimulatory signaling regiompasing 4-1BB, ICOS or DAP-10 have been
described previously (see U.S. 7,446,190, whighdsrporated herein by reference, which also
describes representative sequences for 4-1BB, I&@0IAP-10). In some embodiments, the
intracellular domain of a CAR can comprise a caigtatory signaling region that comprises
two co-stimulatory molecules, such as CD28 and B-{d&e Sadelain et aCancer Discov.
3(4):388-398 (2013)), or CD28 and OX40, or othenbmations of co-stimulatory ligands, as

disclosed herein.
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[00275] CD28. Cluster of Differentiation 28 (CD28) is af®in expressed on T cells that
provides co-stimulatory signals for T cell actiwatiand survival. CD28 is the receptor for CD80
(B7.1) and CD86 (B7.2) proteins. In one embodimar@AR can comprise a co-stimulatory
signaling domain derived from CD28. For exampsedisclosed herein, a CAR can include at
least a portion of an intracellular/cytoplasmic damof CD28, for example an
intracellular/cytoplasmic domain that can functasha co-stimulatory signaling domain (see
Figure 1B). A CD28 polypeptide can have an amitid aequence corresponding to the
sequence having GenBank No. P10747 or NP_00613b4&4611), as provided below, or
fragments thereof. If desired, CD28 sequencediaddl to the intracellular domain can be
included in a CAR of the invention. For exampl& AR can comprise the transmembrane of a
CD28 polypeptide. In one embodiment, a CAR careteavamino acid sequence comprising the
intracellular domain of CD28 corresponding to amaeads 180 to 220 of CD28, or a fragment
thereof. In another embodiment, a CAR can havanaino acid sequence comprising the
transmembrane domain of CD28 corresponding to aadis 153 to 179, or a fragment thereof.
See GenBank NP_006130 for reference to domainsni@b28, for example, signal peptide,
amino acids 1 to 18; extracellular domain, aminds¢9 to 152; transmembrane domain, amino
acids 153 to 179; intracellular domain, amino adi@8 to 220. It is understood that sequences
of CD28 that are shorter or longer than a spedgimneated domain can be included in a CAR, if
desired. Itis understood that a “CD28 nucleiciaablecule” refers to a polynucleotide

encoding a CD28 polypeptide.

1 M.RLLLALNL FPSI QVTGNK | LVKQSPMLY AYDNAVNLSC KYSYNLFSRE FRASLHKGLD
61 SAVEVCWYG NYSQQALQVYS KTG-NCDGKL GNESVTFYLQ NLYVNQTDI'Y FCKI EVMYPP
121 PYLDNEKSNG TI I HVKGKHL CPSPLFPGPS KPFW/LVWVG GVLACYSLLV TVAFI | FWR
181 SKRSRLLHSD YMNMIPRRPG PTRKHYQPYA PPRDFAAYRS (NP_006130; SEQ I D NO 17)

[00276] 4-1BB. 4-1BB, also referred to as tumor necroseidr receptor superfamily
member 9, can act as a tumor necrosis factor (Tiy&)d and have stimulatory activity. In one
embodiment, a CAR can comprise a co-stimulatorgadigg domain derived from 4-1BB. A
4-1BB polypeptide can have an amino acid sequemcesponding to the sequence having
GenBank No. P41273 or NP_001552 (G1:5730095) @nfrents thereof. In one embodiment, a
CAR can have a co-stimulatory domain comprisingitivacellular domain of 4-1BB

corresponding to amino acids 214 to 255, or a fegrthereof. In another embodiment, a CAR
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can have a transmembrane domain of 4-1BB correspgial amino acids 187 to 213, or a
fragment thereof. See GenBank NP_001552 for reteréo domains within 4-1BB, for
example, signal peptide, amino acids 1 to 17; egthalar domain, amino acids 18 to 186;
transmembrane domain, amino acids 187 to 213 cielttdar domain, amino acids 214 to 255.
It is understood that sequences of 4-1BB thatlaoeter or longer than a specific delineated
domain can be included in a CAR, if desired. Hlso understood that a “4-1BB nucleic acid

molecule” refers to a polynucleotide encoding éBBolypeptide.

1 MGNSCYNI VA TLLLVLNFER TRSLQDPCSN CPAGTFCDNN RNQI CSPCPP NSFSSAGGOR
61 TCDI CRQCKG VFRTRKECSS TSNAECDCTP GFHCLGAGCS MCEQDCKQGQ ELTKKGCKDC
121 CFGIFNDQKR G CRPWINCS LDGKSVLVNG TKERDVWCGP SPADLSPGAS SVTPPAPARE
181 PGHSPQ | SF FLALTSTALL FLLFFLTLRF SVVKRGRKKL LYI FKQPFMR PVQTTQEEDG
241 CSCRFPEEEE GGCEL (NP_001552; SEQ | D NO 18)

[00277] OX40. OX40, also referred to as tumor necrositofaeceptor superfamily member
4 precursor or CD134, is a member of the TNFR-dap@ly of receptors. In one embodiment,
a CAR can comprise a co-stimulatory signaling donagrived from OX40. An OX40
polypeptide can have an amino acid sequence comdspg to the sequence having GenBank
No. P43489 or NP_003318 (GI:4507579), provided et fragments thereof. In one
embodiment, a CAR can have a co-stimulatory doroamprising the intracellular domain of
OX40 corresponding to amino acids 236 to 277, foagment thereof. In another embodiment,
a CAR can have an amino acid sequence comprisengahsmembrane domain of OX40
corresponding to amino acids 215 to 235 of OX4@ fragment thereof. See GenBank
NP_003318 for reference to domains within OX40,eeample, signal peptide, amino acids 1 to
28; extracellular domain, amino acids 29 to 21dnsmembrane domain, amino acids 215 to
235; intracellular domain, amino acids 236 to 2i74s understood that sequences of OX40 that
are shorter or longer than a specific delineatedado can be included in a CAR, if desired. Itis
also understood that an “OX40 nucleic acid mol€cdéers to a polynucleotide encoding an

OX40 polypeptide.

1  MCVGARRLGR GPCAALLLLG LGLSTVTGLH CVGDTYPSND RCCHECRPGN GMWSRCSRSQ
61 NTVCRPCGPG FYNDWSSKP CKPCTWCNLR SGSERKQLCT ATQDTVCRCR AGTQPLDSYK
121 PGVDCAPCPP GHFSPGDNQA CKPWINCTLA GKHTLQPASN SSDAI CEDRD PPATQPQETQ
181 GPPARPI TVQ PTEAWPRTSQ GPSTRPVEVP GGRAVAAI LG LGLVLGLLGP LAI LLALYLL
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241 RRDQRLPPDA HKPPGGGSFR TPI QEEQADA HSTLAKI (NP_003318; SEQ | D NO 19)

[00278] ICOS. Inducible T-cell costimulator precursor (ISQalso referred to as CD278, is
a CD28-superfamily costimulatory molecule thatxpressed on activated T cells. In one
embodiment, a CAR can comprise a co-stimulatorgadigg domain derived from ICOS. An
ICOS polypeptide can have an amino acid sequencespmnding to the sequence having
GenBank No. NP_036224 (G1:15029518), provided belmvragments thereof. In one
embodiment, a CAR can have a co-stimulatory doroamprising the intracellular domain of
ICOS corresponding to amino acids 162 to 199 of $C@ another embodiment, a CAR can
have an amino acid sequence comprising the tranbna@® domain of ICOS corresponding to
amino acids 141 to 161 of ICOS, or a fragment thier&ee GenBank NP_036224 for reference
to domains within ICOS, for example, signal pept@a®ino acids 1 to 20; extracellular domain,
amino acids 21 to 140; transmembrane domain, aagits 141 to 161; intracellular domain,
amino acids 162 to 199. It is understood that seges of ICOS that are shorter or longer than a
specific delineated domain can be included in a CiABesired. It is also understood that an

“ICOS nucleic acid molecule” refers to a polynudide encoding an ICOS polypeptide.

1 MKSGLWYFFL FCLRI KVLTG EI NGSANYEM FI FHNGGVQ  LCKYPDI VQQ FKMQLLKGEQ
61 | LCDLTKTKG SGNTVSI KSL KFCHSQLSNN SVSFFLYNLD HSHANYYFCN LS| FDPPPFK
121 VTLTGGYLH YESQLCCQLK FWLPI GCAAF VWVC LGCI L | QWL TKKKYS SSVHDPNGEY
181 MFMRAVNTAK KSRLTDVTL (NP_036224; SEQ | D NO 20)

[00279] DAP10. DAPI10, also referred to as hematopoieticsoggnal transducer, is a
signaling subunit that associates with a large lfaofireceptors in hematopoietic cells. In one
embodiment, a CAR can comprise a co-stimulatoryalorderived from DAP10. A DAP10
polypeptide can have an amino acid sequence coamdsy to the sequence having GenBank
No. NP_055081.1 (GIl:15826850), provided below,ragments thereof. In one embodiment, a
CAR can have a co-stimulatory domain comprisingitiv@cellular domain of DAP10
corresponding to amino acids 70 to 93, or a fragrieareof. In another embodiment, a CAR
can have a transmembrane domain of DAP10 corregppitmamino acids 49 to 69, or a
fragment thereof. See GenBank NP_055081.1 forerée to domains within DAP10, for
example, signal peptide, amino acids 1 to 19; egthalar domain, amino acids 20 to 48;

transmembrane domain, amino acids 49 to 69; inttd@edomain, amino acids 70 to 93. Itis
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understood that sequences of DAP10 that are shmrtenger than a specific delineated domain
can be included in a CAR, if desired. It is alsderstood that a “DAP10 nucleic acid molecule”

refers to a polynucleotide encoding an DAP10 pgtyide.

1 MHLGH LFL LLLPVAAAQT TPCGERSSLPA FYPGISGSCS GCGSLSLPLL AGLVAADAVA
61 SLLI VGAVFL CARPRRSPAQ EDGKVYI NMP GRG (NP_055081.1; SEQ I D NO 21)

[00280] The extracellular domain of a CAR can be fused leader or a signal peptide that
directs the nascent protein into the endoplasnticulem and subsequent translocation to the
cell surface. Itis understood that, once a pgtide containing a signal peptide is expressed at
the cell surface, the signal peptide has genebalgn proteolytically removed during processing
of the polypeptide in the endoplasmic reticulum &madslocation to the cell surface. Thus, a
polypeptide such as a CAR is generally express#ukatell surface as a mature protein lacking
the signal peptide, whereas the precursor forrhepblypeptide includes the signal peptide. A
signal peptide or leader can be essential if a AR be glycosylated and/or anchored in the
cell membrane. The signal sequence or leadepéptde sequence generally present at the N-
terminus of newly synthesized proteins that diréoésr entry into the secretory pathway. The
signal peptide is covalently joined to the N-teradrof the extracellular antigen-binding domain
of a CAR as a fusion protein. Any suitable sigmeptide, as are well known in the art, can be
applied to a CAR to provide cell surface expressioa T cell (see Gierasd@iochem. 28:923-

930 (1989); von Heijnel. Mal. Biol. 184 (1):99-105 (1985)). Particularly useful sigmeptides
can be derived from cell surface proteins naturatgressed in the T cell thereof, including any
of the signal peptides of the polypeptides disadserein. Thus, any suitable signal peptide can
be utilized to direct a CAR to be expressed ac#iesurface of a T cell.

[00281] In certain non-limiting embodiments, an extracaidntigen-binding domain of a
CAR can comprise a linker sequence or peptide flinkenecting the heavy chain variable
region and light chain variable region of the es#lular antigen-binding domain. In certain
non-limiting embodiments, a CAR can also comprispacer region or sequence that links the
domains of the CAR to each other. For exampl@aaer can be included between a signal
peptide and an antigen binding domain, betweemltigen binding domain and the
transmembrane domain, between the transmembrangiamd the intracellular domain, and/or

between domains within the intracellular domaim,éeample, between a stimulatory domain
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and a co-stimulatory domain. The spacer regiorbeaftexible enough to allow interactions of
various domains with other polypeptides, for exanp allow the antigen binding domain to
have flexibility in orientation in order to faciite antigen recognition. The spacer region can be,
for example, the hinge region from an 1gG, thexCHz (constant) region of an immunoglobulin,

and/or portions of CD3 (cluster of differentiatiBpor some other sequence suitable as a spacer.

[00282] The transmembrane domain of a CAR generally compiashydrophobic alpha helix
that spans at least a portion of the membranefe@iit transmembrane domains result in
different receptor stability. After antigen recatgin, receptors cluster and a signal is
transmitted to the cell. In an embodiment, thegsraembrane domain of a CAR can be derived
from another polypeptide that is naturally expressethe T cell. In one embodiment, a CAR
can have a transmembrane domain derived from CD28CCD3, CD4, 4-1BB, OX40, ICOS,
CTLA-4, PD-1, LAG-3, 2B4, BTLA, or other polypeptd expressed in the T cell having a
transmembrane domain, including others as disclbsegin or that are well known in the art.
Optionally, the transmembrane domain can be deifreed a polypeptide that is not naturally
expressed in the T cell, so long as the transmambdamain can function in transducing signal
from antigen bound to the CAR to the intracellidgnaling and/or co-stimulatory domains. It is
understood that the portion of the polypeptide twemprises a transmembrane domain of the
polypeptide can include additional sequences fitoepblypeptide, for example, additional
sequences adjacent on the N-terminal or C-ternaindlof the transmembrane domain, or other

regions of the polypeptide, as desired.

[00283] CD8. Cluster of differentiation 8 (CD8) is a tramsmbrane glycoprotein that serves
as a co-receptor for the T cell receptor (TCR).8QInds to a major histocompatibility complex
(MHC) molecule and is specific for the class | Migfotein. In one embodiment, a CAR can
comprise a transmembrane domain derived from COEDS polypeptide can have an amino
acid sequence corresponding to the sequence h@anBank No. NP_001139345.1
(G1:225007536), as provided below, or fragmentsabk In one embodiment, a CAR can have
an amino acid sequence comprising the transmemid@nain of CD8 corresponding to amino
acids 183 to 203, or fragments thereof. See GenBiéh 001139345.1 for reference to domains
within CD8, for example, signal peptide, amino acldto 21; extracellular domain, amino acids

22 to 182; transmembrane domain amino acids, 1883ointracellular domain, amino acids
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204 to 235. Itis understood that additional segeeof CD8 beyond the transmembrane domain
of amino acids 183 to 203 can be included in a CiR&esired. It is further understood that
sequences of CD8 that are shorter or longer trsgeeific dilineated domain can be included in
a CAR, if desired. It also is understood that ®8nhucleic acid molecule” refers to a

polynucleotide encoding a CD8 polypeptide.

1 MALPVTALLL PLALLLHAAR PSQFRVSPLD RTWALGETVE LKCQVLLSNP TSGCSW.FQP
61 RGAAMASPTFL LYLSQNKPKA AEGLDTQRFS GKRLGDTFVL TLSDFRRENE GYYFCSALSN
121 S| MYFSHFVP VFLPAKPTTT PAPRPPTPAP Tl ASQPLSLR PEACRPAAGG AVHTRGLDFA
181 CDI YI WAPLA GTCGVLLLSL VI TLYCNHRN RRRVCKCPRP VWKSGDKPSL SARYV
(NP_001139345. 1; SEQ | D NQ 22)

[00284] CD4. Cluster of differentiation 4 (CD4), also netsl to as T-cell surface
glycoprotein CD4, is a glycoprotein found on the&fagce of immune cells such as T helper cells,
monocytes, macrophages, and dendritic cells. éemnbodiment, a CAR can comprise a
transmembrane domain derived from CD4. CD4 existsirious isoforms. It is understood that
any isoform can be selected to achieve a desimectiin. Exemplary isoforms include isoform

1 (NP_000607.1, GI:10835167), isoform 2 (NP_001%319, G1:303522479), isoform 3
(NP_001181944.1, G1:303522485; or NP_001181945.:B03522491; or NP_001181946.1,
GIl:303522569), and the like. One exemplary isofseguence, isoform 1, is provided below.

In one embodiment, a CAR can have an amino acidesexg comprising the transmembrane
domain of CD4 corresponding to amino acids 3971, 4r fragments thereof. See GenBank
NP_000607.1 for reference to domains within CD4 gicample, signal peptide, amino acids 1 to
25; extracellular domain, amino acids 26 to 3% ns$membrane domain amino acids, 397 to
418; intracellular domain, amino acids 419 to 488s understood that additional sequence of
CD4 beyond the transmembrane domain of amino &8dgo 418 can be included in a CAR, if
desired. It is further understood that sequent&dd that are shorter or longer than a specific
dilineated domain can be included in a CAR, if dei It also is understood that a “CD4 nucleic

acid molecule” refers to a polynucleotide encodif@D4 polypeptide.

1 MNRGVPFRHL LLVLQLALLP AATQGKKVWL KKGDTVELT CTASCKKSI Q FHWKNSNQ K
61 | LGNQGSFLT KGPSKLNDRA DSRRSLWDQG NFPLI I KNLK | EDSDTYI CE VEDQKEEVQL
121 LVFGLTANSD THLLQGQSLT LTLESPPGSS PSVQCRSPRG KNI QGGKTLS VSQLELQDSG
181 TWICTVLONQ KKVEFKI DI V. VLAFQKASS| VYKKEGEQVE FSFPLAFTVE KLTGSCGELWV
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241 QAERASSSKS W TFDLKNKE VSVKRVTQDP KLQWVGKKLPL HLTLPQALPQ YAGSGNLTLA
301 LEAKTGKLHQ EVNLWNMRAT QLQKNLTCEV WGPTSPKLM. SLKLENKEAK VSKREKAVWW/
361 LNPEAGWWQC LLSDSGQVLL ESNI KVLPTW STPVQPMALI VLGGVAGLLL FI GLG FFCV
421 RCRHRRRQAE RVBQ KRLLS EKKTCQCPHR FQKTCSPI (NP_000607.1; SEQ I D NO 23)

[00285] It is understood that domains of the polypeptidescdbed herein can be used in a
cancer antigen CAR, as useful to provide a desurdtion such as a signal peptide, antigen
binding domain, transmembrane domain, intracellsigmaling domain and/or co-stimulatory
domain. For example, a domain can be selectedasiabsignal peptide, a transmembrane
domain, an intracellular signaling domain, or otlemain, as desired, to provide a particular
function to a CAR of the invention. Possible daisie functions can include, but are not limited

to, providing a signal peptide and/or transmembgomaain.

[00286] Chimeric Co-stimulatory Receptors (CCRs). A chimebn-stimulatory receptor

(CCR) is an exemplary product encoded by a thetapgansgene of the invention. Chimeric
co-stimulatory receptors (CCRs) are chimeric remesthat, similar to a CAR, comprise an
antigen-binding extracellular domain, a transmemémomain and an intracellular signaling
domain (Sadelain et alCancer Discov. 3(4):388-398 (2013)). CCRs do not have a T cell
activation domain, but do comprise a co-stimulattwynain, such as one of the co-stimulatory
domains described above for a CAR, for example, £@21BB, OX40, ICOS, DAP10, 2B4,
CD70, or the like. CCRs can be used in conjuncih a T cell receptor or a CAR to enhance
T cell reactivity against dual-antigen expressingells (Sadelain et akypra, 2013). CCRs can
also be used to enhance selective tumor targefadglain et alsupra, 2013). A CCRis an
antigen-specific co-stimulatory receptor, which nausthe affects 4-1BB, OX40, ICOS or CD70
(depending on the co-stimulatory domain of the CGBYn binding to its binding partner, i.e., a

target antigen.

[00287] Exemplary Costimulatory Ligands (CLs) useful ag@dpct that can be encoded by a
therapeutic transgene include, but are not lintitedostimulatory ligands 4-1BBL; OX40L;
ICOSL; CD70, and the like. Exemplary Chimeric @oslatory Receptors (CCRs)that can be
encoded by a therapeutic transgene include, butariémited to, an antigen-specific
costimulatory receptor, mimicking the effects ofBB, OX40, ICOS or CD70 upon binding to a

target antigen.
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[00288] Cytokines. A cytokine is an exemplary product efezbby a therapeutic transgene of
the invention. Cytokines that are particularlyfuseshen encoded by a therapeutic transgene
include those that stimulate or sustain activatiba T cell of the invention. Exemplary
cytokines useful as a product encoded by a thet@peansgene for stimulating an immune
response include, but are not limited to, IL2, ILL25, IL18, and the like. Exemplary
cytokines useful as a product encoded by a thet@peansgene for inhibiting an immune

response include, but are not limited to, TGFBRt&A), and the like.

[00289] Dominant negatives. A dominant negative is an giarg product of encoded by a

therapeutic transgene of the invention. Dominagfatives that are particularly useful when
encoded by a therapeutic transgene include thasstimulate or sustain activation of a T cell of
the invention. Exemplary dominant negatives inelualt are not limited to, an inhibitory
chimeric antigen receptor (iICAR), a secretablelsleleytokine receptor (e.g., for TGFBeta,
IL10), a secretable soluble T-cell inhibitory retmp(e.g., derived from PD1, CTLA4, LAGS3, or
TIM-3), and the like. Inhibitory chimeric antigeaceptors are cell-surface receptors composed
of an extracellular scFV domain (binds a cell-scefanolecule in the target cell) fused to an
intracellular signaling domain derived from inhtry T-cell receptors (such as PD1, CTL4).

Engineered T cells are inhibited upon interactiath\a target cell.

[00290] Microenvironment Modulators. Microenvironment méatars are exemplary

products encoded by therapeutic transgenes ohtlemiion. A microenvironment modulator
refers to a molecule that modulates the activitgedlfs in the vicinity of the therapeutic
engineered T cell. Microenvironment modulatorg #ira particularly useful when encoded by a
therapeutic transgene include those that stimolaseistain activation of a T cell of the
invention. Exemplary microenvironment modulaterslide, but are not limited to, heparanase,
Herpes Virus Entry Mediator (HVEM), also referredas TNFRSF14, and the like.

[00291] Antibodies. An antibody is an exemplary produatagted by a therapeutic transgene
of the invention. Exemplary antibodies includet &re not limited to, an antibody against a T-
cell inhibitory ligand, such as PD1L, CD80, CD8@&l&ktin-9, Fas ligand, and the like.

[00292] The antibody can be expressed as an immunoglolfatiexample, an IgG, or as a

Bi-specific T-cell engager (BIiTE), a diabody, a Haf#inity re-targeting antibody (DART), a
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Fab, a F(ab"), a single chain variable fragmerf\(s@ nanobody, a bi-specific antibody, or the
like (see, for example, Harlow and Lad@fibodies. A Laboratory Manual, Cold Spring Harbor
Laboratory (1988); Chames et &r, J. Pharmacol. 157:220-233 (2009); Radéslood,
117:4403-4404 (2011)).

[00293] Biosensors. A biosensor is an exemplary produch@ed by a therapeutic transgene
of the invention. A biosensor is a biological nalie (protein, DNA, or RNA) that, upon ligand
binding, signals to the cell to produce a spedffect. The biosensor can be, for example, a
biosensor for protein, DNA, RNA, microRNA, metalteliion, or the like. Exemplary
biosensors include, but are not limited to, tdtelreceptor (TLR), which is a biosensor for
DNA, RNA, toxin, and a biosensor for an ion, fomexle, Calcium-sensing Calmodulin (CaM)-
calmodulin-binding peptide. The expression of #ppe€LRs allows the engineered T cell to
respond to the presence of target molecules (SIEN#, toxin) in the cytoplasm, thus
triggering a determined signal that the cell cam tesactivate the expression of a therapeutic
molecule. A similar strategy applies to CaM-calmiadbinding protein (which senses
intracellular calcium). These biosensors can actraintermediate during the production of a
therapeutic molecule, and they do so only whesiequired to have such an effect. For
example, the biosensor can be used to sense afthtecell and then activate expression of
another transgene. In a particular embodimergxample, a biosensor can be used that
specifically detect a specific HIV RNA sequencepod binding, the biosensor undergoes a
conformational change that causes the releaselhaeric transcription repressor which then

translocates to the nucleus and specifically iniHilV genome transcription.

[00294] Chimeric Receptor Ligands (CRLs). A chimeric reoefigand (CRL) is an

exemplary product encoded by a therapeutic trarsgethe invention. A CRL is a cell-surface

ligand that is recognized by a target-cell recefstach as a cytokine receptor) and that, upon
interaction with its specific receptor, will trigga T-cell response. A CRL contains an
intracellular domain that will initiate a T-cellgponse upon interaction with its specific receptor

in the target cell.

[00295] Chimeric Immune Receptor Ligands (CIRLS). A chim@mmune receptor (CIRL)

is an exemplary product encoded by a therapeuatisgrene of the invention. A CIRL is a cell-
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surface ligand that is recognized by an immunereekptor (such as a TCR or Immunoglobulin)
and that, upon interaction with its specific recepwvill trigger a T-cell response. A CIRL
contains an intracellular domain that will initisgt€l-cell response upon interaction with its

specific receptor in the target cell.

[00296] Soluble Receptors. A soluble receptor is an examgroduct encoded by a

therapeutic transgene of the invention. Such $elidreptors can be intracellular or
extracellular. Exemplary soluble receptors incl|uzlé are not limited to, IL4R, IL10R, PD1,
CTL4, TIM-3, LAG3, and the like. Such soluble rptas generally have a stimulatory effect on

an immune response.

[00297] Solute Transporters. A solute transporter is amgtary product encoded by a

therapeutic transgene of the invention. Exempdatyte transporters include, but are not limited
to, a glucose transporter, such as Glutl or Gl&fector T cells are known to require increased
uptake of glucose to generate energy. Engineel§ expressing glucose transporters can
benefit from an increased number of glucose tramismowhen T cells are in a competitive

environment where tumor cells (usually in largemivers) are consuming glucose.

[00298] Enzymes. An enzyme is an exemplary product encbgedtherapeutic transgene of
the invention. An exemplary therapeutic enzyméuidkes, but is not limited to, PKM2.
Pyruvate Kinase Muscle isozyme 2 (PKM2) is an ereyiat is needed in dividing cells, such
as effector T cells, with high glycolysis rate dngh demand of biosynthetic precursors.
Overexpression of PKM2 helps to increase biosyrthpeecursors, thus improving proliferation

of engineered T cells.

[00299] Ribozymes. A ribozyme is an exemplary product dedadoy a therapeutic transgene
of the invention. An exemplary ribozyme that ie giroduct of a therapeutic transgene includes,
but is not limited to, a pathogen-specific or visglecific ribozyme that cleaves pathogen or viral
genome, respectively. In the case of a viral pgghothe ribozyme can thus inhibit both virus
RNA reverse transcription during virus entrance aings RNA genome packaging during virus
assembly. It is readily apparent that ribozymegatwous pathogens, including targeting viral
genomes, can be expressed as the product of péuiatransgene. In a specific embodiment,

the transgene encodes a HIV-specific ribozymedleaives HIV RNA genome, thus inhibiting
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both virus RNA reverse transcription during virugrance and virus RNA genome packaging

during virus assembly.

[00300] Genetic Circuits. A genetic circuit is an exemplproduct encoded by a therapeutic

transgene of the invention. A genetic circuit sedof gene expression units that are

functionally connected.

[00301] One embodiment of a genetic circuit is a constitutranscription unit that expresses
a cell-surface ligand-specific synthetic transdoiptfactor (TF) where upon ligand binding the

TF moiety is released and translocates to the nscl&hen, the TF binds its cognate DNA
sequence in the second transcription unit (indediyl definition), which activates the

expression of an inhibitory ligand-specific solubdeeptor that is secreted into the
microenvironment to trap such an inhibitory ligarid.another embodiment, a constitutive
transcription unit that expresses a chimeric antigeeptor (CAR) that, upon target-cell
recognition, induces the expression of a secretabher suppressor (such as the lymphoma-
specific SoOIHEVM) via a NFAT-responsive elementsiuch an embodiment, the CAR is
encoded by a first transgene under the controlaainstitutive endogenous promoter, which
CAR, upon target-cell recognition, induces the espron of a secretable tumor suppressor (such
as the lymphoma-specific SolHEVM) from a transgander the control of a NFAT-responsive
inducible endogenous promoter. In a particular@timbent, a synthetic TF is expressed from
one transcription unit (a single transgene integtat one location); the soluble receptor is
expressed from a second transcription unit (a sitrghsgenic expression cassette, integrated at
the same or different location) and that expresemurs when TF bind to this second

transcription unit.

[00302] In a particular embodiment of a genetic circuilGAR-expressing T cell contains a
genetic circuit composed of HIF1a-dependent and HAMP64-dependent transcription units.
When the CAR T cell is in a tumor microenvironmeiith low oxygen levels, HIF1alpha
transcription factor is activated in the T cellsyds the HIF1a-dependent transcription unit and
induces the expression of a chimeric transcripi@gator TALE-VP64, which then binds to the
TALE-VP64-dependent transcription unit and stimegathe expression of secretable scFvs that

targets an inhibitory molecule in the microenvire@mhsuch as PD1L or CD80. From this
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second transcription unit, a recombinant HIF1ddge axpressed which will result in a positive
feedback to the first transcription unit. In tleedgoing specific embodiment, expression of a
first transgene is under the control of an endogsmieducible promoter induced by HIF1 alpha
transcription factor, expression of a second traneds under the control of an endogenous
inducible promoter induced by TALE-VP64, and thstftransgene encodes TALE-VP64, and
the second transgene encodes the secretable €gffanally, the expression of a third
transgene, which third transgene encodes HIFilmdsr the control of a different endogenous
inducible promoter that also is induced by TALE-MP8n one embodiment, a transcription
factor can drive expression of one or multiple geraglucts, the latter occurring in the case of a
polycistronic message. Examples of bicistroniagaaiption units: the alpha and beta chains to
assemble a TCR; two scFvs in tandem, and the lik@ne embodiment, a single TALE-VP64-
responsive transcription unit will contain both 8tfv and HIF1a,; this is a bicistronic construct:

two genes will be expressed from a single promoter.

[00303] In another particular embodiment, a constitutiamscription unit that expresses a
cell-surface CD19-specific scFV-NFAT fusion protéirat upon binding to B cells the NFAT
moiety is released, it translocates to the nuclang,binds to its cognate DNA sequence in the
second transcription unit, from which a chimerieanmme receptor ligand is expressed. This
second gene encodes a fusion protein composed extraicellular antigen (that is recognized by
a specific immunoglobulin receptor on the targete) and intracellular signaling domain(s)
that activates the engineered T cell, resultinguiget B-cell death. Thus, in this particular
embodiment, expression of a first transgene is utigecontrol of an endogenous constitutive
promoter, which first transgene encodes the cefasa CD19-specific scFv-NFAT fusion
protein, and expression of a second transgenedisruhe control of an endogenous inducible
promoter that is induced by binding of the cellfaoe CD19-specific scFv-NFAT fusion protein
to B cells, and the second transgene encodesanfpsdtein comprising (i) an extracellular
antigen (that is recognized by an immunoglobuloepgor on the target B cell), and (ii) at least
one intracellular signaling domain that activates éngineered T cell, resulting in target B-cell

death (for example, due to cytolytic activity oéthctivated T cell)

[00304] Epigenetic Modifiers. An epigenetic modifier is @xemplary product encoded by a

therapeutic transgene of the invention. An epiemeodifier is a protein/enzyme that catalyzes
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specific modifications of the chromatin, either thistone proteins or DNA, at a particular
genomic location. These modifications result iacfic changes of gene expression, either
activation or repression. Exemplary epigenetic ifirerd include, but are not limited to,

chimeric programmable sequence-specific DNA bindlomain fused to p300 acetyltransferase
domain (a histone H3 acetylase), which activategetagene expression; and chimeric
programmable sequence-specific DNA binding domased to KRAB repressor domain (a
protein that recruits heterochromatin-forming coexgls), which represses target gene

expression.

[00305] Transcriptional Activators or Repressors. A traipgional activator or repressor

(transcription factor) is an exemplary product etenbby a therapeutic transgene of the
invention. The transcriptional activator or re@scan be naturally occurring or chimeric. In
some cases, an activator for one gene can be@ssgpifor another gene, or vice versa.
Exemplary transcription factors that can be exgess/ a therapeutic transgene include, but are
not limited to, Foxp3, NFAT, HIF-1alpha, and thieeli

[00306] Exemplary chimeric transcriptional activators irdz but are not limited to, fusion
proteins composed of a DNA binding domain (such TAhc-finger, CRISPR/deactivatedCas9)
and a transactivation domain (such VP16, VP64, R8&, or combinations of them), which can
be designed to specifically activate one or morgege Thus, in a specific embodiment, a
therapeutic transgene encodes a fusion protein igsimyp a DNA binding domain and a
transactivation domain.

[00307] Exemplary chimeric transcriptional repressors idelubut are not limited to, fusion
proteins composed of a DNA binding domain (such T&hc-finger, CRISPR/deactivatedCas9)
and a repressor domain (such as KRAB), which casesggned to specifically repress one or
more genes. Thus, in a specific embodiment, afw®ertic transgene encodes a fusion protein
comprising a DNA binding domain and a repressoraam

[00308] Non-coding RNA. Non-coding RNA is an exemplarygwot encoded by a

therapeutic transgene of the invention. Exemphany-coding RNAs (microRNAs or small
interfering RNAS) include those that target inhdbjt receptor gene messenger RNAs such as
PD1, TIM-3, LAG3, CTLA-4, and the like. Thus, irspecific embodiment, a therapeutic
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transgene encodes a non-coding RNA such as a nNe&kdRmiRNA), small interfering RNA
(siRNA), antisense RNA, etc. In a specific embashiwherein stimulation of the activity of
the engineered T cell is desired, the non-codind\lRAN target, for example, target inhibitory
receptor gene messenger RNAs such as messenger®RB4, TIM-3, LAG3, CTLA-4, or
the like.

[00309] In the case where stimulating an immune respondessed, a therapeutic transgene
is selected preferably to encode a product theduséites an immune response. Such a product
that stimulates an immune response can be, bt igmted to, IL12, IL15, IL18, or a

functional domains derived from any of these faztdn the case wherein inhibiting an an
inhibitor of an immune response is desired, a fewtc transgene is selected preferably to
encode a product that inhibits an inhibitor of mmmune response. Such a product that inhibits
an inhibitor of an immune response, can be, babidimited to, an antibody specific to a ligand
(e.g., PD1L, CD80, CD86, or Galectin-9) that bimdB-cell inhibitory receptor (e.g., PD1,
CTLA4, LAGS3, or TIM3); a soluble receptor that bid factor such TGFbeta, TNFalpha, IL1,
IL4, IL6, or IL10, thus preventing the activatiohtbe factor’s cell-surface receptor; an antigen
or functional derivative thereof that binds a spe@utoimmune immune receptorona B or T
cell to induce immunological tolerance or cell dea&tc. In one embodiment, for example,
PD1L, CD80, CD86, Galectin-9 ligands are knowmtailit T-cell activity by binding to

specific receptors on T cells. The therapeutidbanies bind the ligands -not the T-cell
inhibitory receptors; the antibody will block tha&eraction between the ligand and its
corresponding T-cell inhibitory receptor. Therefaeagineered T cells that secrete these
antibodies will not be inhibited by these ligands.one embodiment, for example, TGFbeta is a
cytokine that also inhibits T-cell activity. A ttapeutic soluble receptor specific for this
cytokine will block its activity by preventing itsinding to the receptor expressed on T cells.
Therefore, engineered T cells that secrete a T@Rmtible receptor will not be inhibited by this
cytokine.

[00310] In another embodiment, the T cell can optionallgress a transgene that produces a
reporter. A reporter is an exemplary transgen@@invention that can be co-expressedina T
cell with a therapeutic transgene. An exampleushsa transgene is truncated EGF receptor

(EGFRt), which allows for both detection and eliation (i.e., can function as a cell suicide
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switch), if needed, of the therapeutic T cell. fehare specific antibodies (e.g., cetuximab) that
recognize this reporter and trigger antibody-medidarget-cell deatim vivo (see U.S. Patent

No. 8,802,374)). Thus, in a specific embodimédrg, éngineered T cell (in which expression of a
therapeutic transgene is under the control of @ogenous promoter) further comprises a
reporter transgene, the reporter transgene beir@gnsgene encoding a detectable marker
(preferably cell-surface) protein, wherein expressf the reporter transgene is under the
control of an endogenous promoter of the T cef).(any of the endogenous promoters
described hereinabove). In a specific embodintbetreporter transgene does not encode IL4 or
a membrane-bound form of IL4. In another spe@fitbodiment, the reporter transgene encodes
a cell suicide switch. In a specific embodimeing tell suicide switch is EGFRt; in such an
embodiment, after administration of the engined@reell to the subject for therapeutic purpose,
the subject can be administered an antibody tltagrézes EGFRt and triggers cell death of the

engineered T cell, to shut down the T cell activityen desired post-treatment.
7.6. Methods of Treatment

[00311] The invention also relates to methods of treatisglgect with T cell therapy,

wherein the subject is in need of such therapyenibodiments wherein the T cell therapy is to
promote an immune response (i.e., treating a suinje®ed of a stimulated immune response),
by way of example, the subject being treated mas lsancer or an infectious disease, and
administration of the recombinant T cells of theeintion is to treat the cancer or infectious
disease, respectively. The T cells may be targetéloe cancer or infectious disease by virtue of
recombinantly expressing a binding partner (e.@AR or antibody or receptor) (which may be
encoded by the therapeutic transgene) to a tanfiglea associated with the cancer or infectious
disease, or by virtue of being sensitized to agiaagtigen associated with the cancer or
infectious disease. In a specific embodiment usersitized T cells, the T cells are sensitized to
an antigen of the cancer or infectious diseaspetvely. In a preferred embodiment, the
invention also relates to methods of treating gesithwith CAR therapy, wherein the subject is

in need of such therapy. In embodiments wher@nAR therapy is to promote an immune
response, by way of example, the subject beingettlemay have cancer or an infectious disease,
administration of the recombinant T cells of theention is to treat the cancer or infectious

disease, and the CAR binds to an antigen of theerar infectious disease pathogen,
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respectively. In such embodiments, the T celllmai€D8+, CD4+, a TSCM, a TCM, effector
memory T cell, effector T cell, Thl cell, Th2 c&lh9 cell, Th17 cell, Th22 cell, Tth (follicular

helper) cell, or other T cell as disclosed herein.

[00312] In embodiments wherein the T cell therapy is topsaps an immune response (i.e.,
treating a subject in need of an inhibited immuwesponse), by way of example, the subject
being treated may have an autoimmune diseaseabrisk of transplant rejection, and
administration of the recombinant T cells of theention is to treat the autoimmune disease or
to promote transplant tolerance, respectively.aAsther example, wherein the T cell therapy is
to suppress an immune response, the subject breggd may be at risk for or have graft versus
host disease, and administration of the recombifum®d interchangeably herein with
“engineered”) T cells of the invention is to prevenreduce the graft versus host disease. The T
cells may be targeted to the autoimmune diseamgstant, or graft by virtue of recombinantly
expressing a binding partner (e.g., a CAR or adfjbar receptor) (which may be encoded by the
therapeutic transgene) to a target antigen assdomth the autoimmune disease (e.g., the
autoantigen), transplant, or graft, or by virtudeing sensitized to a target antigen associated
with the autoimmune disease, transplant, or giafa specific embodiment using sensitized T
cells, the T cells are sensitized to an antigehesite of the autoimmune reaction or the
transplanted cells or graft (or cells derived tfrema), respectively. In such embodiments, the T
cell can be a T regulatory cell (Treg). In prederembodiments wherein CAR therapy is to
suppress an immune response, by way of examplsuttject being treated may have an
autoimmune disease or is at risk of transplanttige, administration of the recombinant T cells
of the invention is to treat the autoimmune disease promote transplant tolerance, and the
CAR binds to an antigen at the site of the autoimeneaction or the transplanted cells,
respectively. As another example, the subject bieeajed may have or be at risk of graft versus
host disease (GVHD), administration of the recorabinT cells of the invention is to treat or
prevent or reduce the risk of GVHD, and the CARIBito an antigen associated with the
GVHD. In such embodiments, the T cell can be adulatory cell (Treg). Such autoimmune
disorders include, but are not limited to, rheurnthtothritis, systemic lupus erythematosus,
celiac sprue disease, pernicious anemia, vitisgteroderma, psoriasis, inflammatory bowel
disease, Hashimoto’s disease, Addison’s diseaseeSrdisease, reactive arthritis, Sjogren’s

syndrome, and type 1 diabetes. Transplants candaa or tissue transplants, e.g. transplants of
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lung, kidney, heart, intestine, liver, and pancreds. Treating or preventing GVHD can be

following a hematopoietic stem cell transplantha# subject.

[00313] In one embodiment, the subject has cancer. Inan@mbodiment, the T cell
therapy targets the cancer. In a particular emrbedt, the T cell expresses a CAR. (Thus the
therapeutic transgene encodes a CAR). In a prefemdodiment, the CAR binds to a cancer
antigen. The cancer antigen is chosen to targaheer of the subject.

[00314] The invention relates to various methods of usihegT cells expressing a transgene.
In a specific embodiment, the cells are administa®a population of cells expressing a
transgene. In a preferred embodiment, the invengtates to various methods of using the T
cells expressing a CAR (wherein the transgene esscadCAR). In a specific embodiment the
cells are administered as a population of cellsesging a CAR. Optionally, the cells to be

administered can be purified or enriched for tHesa# the invention.

[00315] In one embodiment, the methods of the inventioruaeal to treat cancer. In one
embodiment, the T cells express a CAR. Thus, tesgiene encodes a CAR. In one

embodiment, the CAR is a cancer antigen-specifiRCA

[00316] Itis understood that a method of treating canaerinclude any effect that
ameliorates a sign or symptom associated with carfsech signs or symptoms include, but are
not limited to, reducing the number of leukemidsseleducing tumor burden, including

inhibiting growth of a tumor, slowing the growthteaf a tumor, reducing the size of a tumor,
reducing the number of tumors, eliminating a tunadirpf which can be measured using routine
tumor imaging techniques well known in the arth@tsigns or symptoms associated with
cancer include, but are not limited to, fatiguanpaveight loss, and other signs or symptoms
associated with various cancers. Thus, administratf the cells of the invention can reduce the
number of tumor cells, reduce tumor size, and/adieate the tumor in the subject. The tumor
can be a blood cancer or a solid tumor. The metlbthe invention can also provide for
increased or lengthened survival of a subject lgpeancer. Additionally, methods of the
invention can provide for an increased immune respan the subject, for example, an increased

immune response against the cancer.
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[00317] In the methods of the invention, the T cells ammiadstered to a subject in need of T
cell therapy, for example, a subject in need dittreent, for example, treatment of cancer, an
infectious disease, an autoimmune disorder, transpéjection, and the like as disclosed herein.
In a preferred embodiment of the methods of themtion, the T cells are administered to a
subject in need of CAR therapy, for example, aecttijp need of treatment, for example,
treatment of cancer, an infectious disease, anmaatone disorder, transplant rejection, and the
like as disclosed herein. The subject can be am@nmin particular a human. Preferably, the
subject is a human. A pharmaceutical compositmnprising a cell of the invention is
administered to a subject to elicit an immune raspowith the objective of palliating the
subject’s condition. Clinical improvement compsskecreased risk or rate of progression or
reduction in pathological consequences of the dedbeing treated with T cell therapy, for
example, cancer. In a preferred embodiment, @lnmprovement comprises decreased risk or
rate of progression or reduction in pathologicalserjuences of the disorder being treated with

CAR therapy, for example, cancer.

[00318] The subject can have an advanced form of diseaséhich case the treatment
objective can include mitigation or reversal ofedise progression, and/or amelioration of side
effects. The subjects can have a history of tmelition, for which they have already been
treated, in which case the therapeutic objectivelbmato decrease or delay the risk of recurrence.
In the case of cancer treatment, refractory orrreott malignancies can be treated using the cells
of the invention. Optionally, a cell of the invemt can be administered for treatment
prophylactically to prevent the occurrence of adge or condition in a subject suspected of
having a predisposition to a disease or condifmnexample, based on family history and/or

genetic testing.

[00319] The cells of the invention are administered tolgestt, such as a human subject, in
need of T cell therapy, for example, treatmentasfaer, an infectious disease, an autoimmune
disease, transplant rejection, and the like. prnederred embodiment, the cells of the invention
are administered to a subject, such as a humaadubj need of CAR therapy, for example,
treatment of cancer, an infectious disease, anraatone disease, transplant rejection, and the
like. Inthe case of cancer, the cancer can irevalgolid tumor or a blood cancer not involving a

solid tumor. Cancers to be treated using the oéllse invention comprise cancers typically
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responsive to immunotherapy. Exemplary types ntess include, but are not limited to,
carcinomas, sarcoma, leukemia, lymphoma, multipteloma, melanoma, brain and spinal cord
tumors, germ cell tumors, neuroendocrine tumongiaid tumors, and the like. The cancer
can be a solid tumor or a blood cancer that doefonm a solid tumor. In the case of a solid

tumor, the tumor can be a primary tumor or a matastumor.

[00320] Examples of other neoplasias or cancers that careded using the methods of the
invention include bone cancer, intestinal canceeylcancer, skin cancer, cancer of the head or
neck, melanoma (cutaneous or intraocular malignei&anoma), renal cancer (for examplear
cell carcinoma), throat cancer, prostate canceregftample, hormone refractory prostate
adenocarcinoma), blood cancers (for example, leildeiymphomas, and myelomas), uterine
cancer, rectal cancer, cancer of the anal regiadder cancer, brain cancer, stomach cancer,
testicular cancer, carcinoma of the fallopian tyloascinoma of the endometrium, carcinoma of
the cervix, carcinoma of the vagina, carcinoméhefitulva, leukemias (for example, acute
leukemia, acute lymphocytic leukemia, acute myeiodgukemia, acute myeloblastic leukemia,
acute promyelocytic leukemia, acute myelomonodgiikemia, acute monocytic leukemia,
acute erythroleukemia, chronic leukemia, chronielogytic leukemia, chronic lymphocytic
leukemia), polycythemia vera, lymphoma (Hodgkin'sedse, non-Hodgkin’s disease,
Waldenstrom’s macroglobulinemia), cancer of thelbimiestine, cancer of the endocrine
system, cancer of the thyroid gland, cancer oprathyroid gland, cancer of the adrenal gland,
sarcoma of soft tissue, cancer of the urethra,eramicthe penis, solid tumors of childhood,
lymphocytic lymphoma, cancer of the kidney or uretarcinoma of the renal pelvis, neoplasm
of the central nervous system (CNS), primary CNB8gdlgoma, tumor angiogenesis, spinal axis
tumor, brain stem glioma, pituitary adenoma, Kagasrcoma, epidermoid cancer, squamous
cell cancer, T-cell ymphoma, environmentally indd@cancers including those induced by
asbestos, heavy chain disease, and solid tumadnsasugarcomas and carcinomas, for example,
fibrosarcoma, myxosarcoma, liposarcoma, chondrosaag¢ osteogenic sarcoma, chordoma,
angiosarcoma, endotheliosarcoma, lymphangiosardgmahangioendotheliosarcoma,
synovioma, mesothelioma, Ewing’s tumor, leiomyosara, rhabdomyosarcoma, squamous cell
carcinoma, basal cell carcinoma, adenocarcinomeatsgtand carcinoma, sebaceous gland
carcinoma, papillary carcinoma, papillary adenocanmas, cystadenocarcinoma, medullary

carcinoma, bronchogenic carcinoma, hepatoma, bité carcinoma, choriocarcinoma,
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seminoma, embryonal carcinoma, Wilm’s tumor, ceav@ancer, uterine cancer, testicular
cancer, bladder carcinoma, epithelial carcinoman, astrocytoma, medulloblastoma,
craniopharyngioma, ependymoma, pinealoma, hemalagitwima, acoustic neuroma,
oligodenroglioma, schwannoma, meningioma, melanom@asoblastoma, retinoblastoma,
malignant pleural disease, mesothelioma, lung eahmeexample, non-small cell lung cancer),
pancreatic cancer, ovarian cancer, breast carmmeeXdmple, metastatic breast cancer,
metastatic triple-negative breast cancer), colotes pleural tumor, glioblastoma, esophageal
cancer, gastric cancer, and synovial sarcomad 8atnors can be primary tumors or tumors in a

metastatic state.

[00321] In a specific embodiment, the cells recombinantigressing a transgene that are
administered to the subject comprise both Cadd CD8 T cells, with the aim of generating
both helper and cytotoxic T lymphocyte (CTL) respesiin the subject. In a preferred
embodiment wherein a CAR is encoded by the traresgbe cells recombinantly expressing a
CAR that are administered to the subject comprigh D4 and CD8 T cells, with the aim of

generating both helper and cytotoxic T lymphoc@&l() responses in the subject.

[00322] In one embodiment, the invention provides a mettfddeating a subject with T cell
therapy in need thereof, wherein the subject reeed of an inhibited immune response,
comprising administering T cells of the inventidwat are immunoinhibitory cells. In one
embodiment, the subject has an autoimmune disdaseparticular embodiment in the case
where the T cell expresses a CAR (encoded by #amsgene), the CAR binds to an autoimmune
antigen of the autoimmune disorder. Autoimmunerdiers include, but are not limited to,
rheumatoid arthritis, systemic lupus erythematosekac sprue disease, pernicious anemia,
vitiligo, scleroderma, psoriasis, inflammatory béwsease, Hashimoto’s disease, Addison’s

disease, Graves’ disease, reactive arthritis, 8jogisyndrome, and type 1 diabetes.

[00323] In another embodiment, the subject in need ofrimeat with an immunoinhibitory
cell has an organ transplant. In such a methedTJ tells of the invention that are
immunoinhibitory are administered to the subjeattibance immune tolerance for the
transplanted organ. In a particular embodimerhéncase where the T cell expresses a CAR
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(encoded by the transgene), the CAR binds to dageanof the transplanted organ. Transplants

can be transplants of lung, kidney, heart, intestiner, and pancreas, etc.

[00324] In another embodiment, the subject in need ofrimeat with an immunoinhibitory

cell is in need of reducing or preventing GVHD, &xample, where the subject has had a
hematopoietic stem cell transplant. In such a ogtthe T cells of the invention that are
immunoinhibitory are administered to the subjeattibance immune tolerance by the stem cell
transplant or cells derived therefrom of antigefhihe subject. In a particular embodiment in the
case where the T cell expresses a CAR (encodduklyansgene), the CAR binds to an antigen

of the transplanted cells.

[00325] For treatment, the amount administered is an amef@ettive for producing the
desired effect. An effective amount or therapelityceffective amount is an amount sufficient
to provide a beneficial or desired clinical resifon treatment. An effective amount can be
provided in a single administration or a serieadrinistrations (one or more doses). An
effective amount can be provided in a bolus or dytiouous perfusion. In terms of treatment,
an effective amount is an amount that is sufficterpalliate, ameliorate, stabilize, reverse or
slow the progression of the disease, or othervddaae the pathological consequences of the
disease. The effective amount can be determinedebghysician for a particular subject.
Several factors are typically taken into accounémwbetermining an appropriate dosage to
achieve an effective amount. These factors inchgie sex and weight of the subject, the
condition being treated, the severity of the canditand the form and effective concentration of

the cells of the invention being administered.

[00326] The cells of the invention are generally adminetiesis a dose based on cells per
kilogram (cells/kg) of body weight. Generally tbell doses are in the range of abouft tb0
about 1@° cells/kg of body weight, for example, aboub 1@ about 18, about 18to about 16
about 10 to about 18 or about 10to 1, depending on the mode and location of
administration. In general, in the case of systesdiministration, a higher dose is used than in
regional administration, where the T cells of theeantion are administered in the region, an
organ or a tumor. Exemplary dose ranges includeate not limited to, 1x¥Qo 1x1@, 2x1¢

to 1x1®, 3x10 to 1x1@®, 4x10 to 1x1@, 5x10 to 1x1@, 6x1C, to 1x16, 7x1¢ to 1x1G, 8x1¢
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to 1x1®, 9x10 to 1x1®, 1x1C to 1x1G, for example, 1x10to 5x10, 1x1® to 4x10, 1x1C to
3x10, 1x10 to 2x10, 1x10 to 1x10, 1x1C to 9x1®, 1x10 to 8x1®, 1x1® to 7x1C, 1x1® to
6x1C, 1x10 to 5x10, 1x10 to 4x1@, 1x10 to 3x1®, 1x10 to 2x1®, 2x1® to 7x1E, 2x1® to
6x1C, 2x10 to 5x1@, 2x10 to 4x1@, 3x1C to 3x1E®, and the like. Such dose ranges can be
particularly useful for regional administratiom a particular embodiment, cells are provided in
a dose of 1x10to 5x1(, in particular 1x10to 3x1® or 3x1C to 3x1@ cells/kg for regional
administration, for example, intrapleural admirasobn. Exemplary dose ranges also can
include, but are not limited to, 5x3 1x1@®, for example, 6x10to 1x1G, 7x1C to 1x1G,

8x1( to 1x1@, 9x1(® to 1x1G, 1x1( to 1x1G, 1x1C to 9x10, 1x1C to 8x10, 1x1C to 7x10,
1x1C to 6x10, 1x1C to 5x10, 1x1C to 4x10, 1x1C to 3x10, and the like. Such does can be
particularly useful for systemic administratiom d particular embodiment, cells are provided in
a dose of 1x10to 3x10 cells/kg for systemic administration. Exemplae)l doses include, but
are not limited to, a dose of 1X1@x1¢, 3x1¢, 4x1¢, 5x1¢F, 6x1C¢, 7x1¢, 8x1C, 9x10,

1x1®, 2x1@, 3x1@, 4x1®, 5x1C@, 6x10, 7x1C, 8x10, 9x1(®, 1x1C, 2x1(, 3x1C, 4x1(,

5x1C, 6x1C, 7x1@, 8x1C, 9x1®, 1x10, 2x10, 3x10, 4x10, 5x10, 6x10, 7x10, 8x10,

9x10, 1x1@, 2x1@, 3x1C, 4x1@, 5x1F, 6x1¢, 7x1¢, 8x1E, 9x1E, 1x1® and so forth in the
range of about Yo about 1&. In addition, the dose can also be adjusted ¢ouwatt for

whether a single dose is being administered or dnahultiple doses are being administered.
The precise determination of what would be considen effective dose can be based on factors
individual to each subject, including their sizgeasex, weight, and condition of the particular
subject, as described above. Dosages can beyreati@éirmined by those skilled in the art based

on the disclosure herein and knowledge in the art.

[00327] The cells of the invention can be administeredymethods known in the art,
including, but not limited to, pleural administiati intravenous administration, subcutaneous
administration, intranodal administration, intratnal administration, intrathecal administration,
intrapleural administration, intraperitoneal adretration, intracranial administration, and direct
administration to the thymus. In one embodimérg,dells of the invention can be delivered
regionally to an organ, a tumor or site of an autaune disease or site of an infectious disease
using well known methods, including but not limited hepatic or aortic pump; limb, lung or
liver perfusion; in the portal vein; through a vesshunt; in a cavity or in a vein that is nearby a

tumor, and the like. In another embodiment, tHks @f the invention can be administered
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systemically. In still another embodiment, thdsale administered regionally at the site of a
desired therapy, for example, at the site of a tunho the case of a tumor, the cells can also be
administered intratumorally, for example, by diregéction of the cells at the site of a tumor
and/or into the tumor vasculature. One skillethmart can select a suitable mode of
administration based on the type of target tissuarget region and/or location of a target tissue
or target region to be treated. The cells cambbeduced by injection or catheter. Optionally,
expansion and/or differentiation agents can be adtered to the subject prior to, during or after
administration of cells to increase productionhaf tells of the inventiom vivo.

[00328] Proliferation of the cells of the invention is gealey doneex vivo, prior to
administration to a subje@nd can be desirabile vivo after administration to a subject (see
Kaiser et al.Cancer Gene Therapy 22:72-78 (2015)). Cell proliferation should be@mpanied
by cell survival to permit cell expansion and pstesnce, such as with T cells. Thus, the T cells

can proliferateex vivo or in vivo, as desired.

[00329] The methods of the invention can further comprgjenaant therapy in combination
with, either prior to, during, or after treatmenttwthe cells of the invention. Thus, the cell
therapy methods of the invention can be used witerestandard care and/or therapies that are

compatible with administration of the cells of thgention.
7.7. Pharmaceutical Compositions

[00330] The invention additionally provides pharmaceutmahpositions comprising the

cells of the invention. The pharmaceutical compasicomprises an effective amount of a cell
of the invention and a pharmaceutically acceptabteer. The cells of the invention and
compositions comprising the cells can be conveljigmbvided in sterile liquid preparations, for
example, typically isotonic aqueous solutions ve#fi suspensions, or optionally as emulsions,
dispersions, or the like, which are typically buéfé to a selected pH. The compositions can
comprise carriers, for example, water, saline, phate buffered saline, and the like, suitable for

the integrity and viability of the cells, and fatrainistration of a cell composition.

[00331] Sterile injectable solutions can be prepared bgnparating cells of the invention in a

suitable amount of the appropriate solvent withowgs amounts of the other ingredients, as
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desired. Such compositions can include a pharniaedly acceptable carrier, diluent, or
excipient such as sterile water, physiologicalrslglucose, dextrose, or the like, that are
suitable for use with a cell composition and fomamistration to a subject such as a human.
Suitable buffers for providing a cell compositiae avell known in the art. Any vehicle, diluent,
or additive used is compatible with preservingititegrity and viability of the cells of the

invention.

[00332] The compositions will generally be isotonic, thgtthey have the same osmotic
pressure as blood and lacrimal fluid. The degsetbnicity of the cell compositions of the
invention can be accomplished using sodium chlpowd®ther pharmaceutically acceptable
agents such as dextrose, boric acid, sodium taywabther inorganic or organic solutes.
Sodium chloride is preferred particularly for buffeontaining sodium ions. One particularly
useful buffer is saline, for example, normal salifidose skilled in the art will recognize that the
components of the compositions should be seleotbé themically inert and will not affect the
viability or efficacy of the cells of the inventi@nd will be compatible for administration to a
subject, such as a human. The skilled artisanezdlily determine the amount of cells and
optional additives, vehicles, and/or carrier in pasitions to be administered in methods of the

invention.

[00333] The cells of the invention can be administeredniy physiologically acceptable
vehicle. Suitable doses for administration areediesd herein. A cell population comprising
cells of the invention can comprise a purified pagian of cells. Those skilled in the art can
readily determine the percentage of cells in apatiulation using various well-known methods,
as described herein. The ranges of purity inpablulations comprising genetically modified
cells of the invention can be from about 25% touts®%, from about 30% to about 50%, from
about 30% to about 40%, from about 40% to 50%, fatout 50% to about 55%, from about
55% to about 60%, from about 65% to about 70%, fatvout 70% to about 75%, from about
75% to about 80%, from about 80% to about 85%; fatrmut 85% to about 90%, from about
90% to about 95%, or from about 95 to about 1008s understood that such a population can
be generated efficiently with the methods of theention, as disclosed herein, or optionally
enriched for the genetically modified cells expnegsa transgene, as disclosed herein. In a

preferred embodiment wherein the transgene ena@@&sR, it is understood that such a

117



population can be generated efficiently with thehods of the invention, as disclosed herein, or
optionally enriched for the genetically modifiedisexpressing a CAR, as disclosed herein.
Dosages can be readily adjusted by those skill¢lderart; for example, a decrease in purity may

require an increase in dosage.

[00334] The invention also provides kits for preparatiorcelis of the invention. In one
embodiment, the kit comprises in one or more coetai one or more vectors for generating a
genetically engineered T cell that contains a gans integrated within its genome such that
expression of the transgene is under control afratogenous promoter of the T cell. Ina
preferred embodiment, the transgene is a CAR, madparticular embodiment, the kit comprises
one or more vectors for generating a geneticalyrezered T cell that expresses a CAR. Ina
particular embodiment, the kit comprises in a coiaa recombinant non-integrating gamma
retrovirus, as disclosed herein. The kit can atsttain a suitable homologous recombination
system, such as a zinc-finger nuclease (ZFN),rstrgption activator-like effector nuclease
(TALEN),a clustered regularly-interspersed shotinoromic repeats (CRISPR) associated
protein 9 (Cas9), Cpfl, Meganuclease or a Megapraferably in a separate container. The
kits can be used to generate genetically engin€els from autologous cells derived from a
subject or from non-autologous cells to be admaenest to a compatible subject. In another
embodiment, the kits can comprise cells of themtio® for autologous or non-autologous
administration to a subject. In specific emboditsethe kit comprises the T cells of the

invention in one or more containers.

[00335] In another embodiment, the invention provides a@&mprising a recombinant non-
integrating gamma retrovirus, as disclosed herkirspecific embodiments, the kit comprises

the non-integrating gamma retrovirus of the inv@min one or more containers.
7.8. Alternative Embodiment Relating to Reporter Transgenes

[00336] In an alternative specific embodiment of the ini@mta T cell has integrated into its
genome a reporter transgene (optionally insteadtbérapeutic transgene), wherein the
expression of the reporter transgene is underdhera of an endogenous promoter, which can
be any of the promoters described hereinabove.rdp@ter transgene is a transgene encoding a

detectable marker (preferably cell-surface) protéima specific embodiment, the reporter
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transgene does not encode IL4 or a membrane-baumddf IL4. In another specific
embodiment, the reporter transgene encodes auellls switch. In a specific embodiment, the
cell suicide switch is a truncated EGF receptorKRG, which allows for both detection and
elimination, if needed, of the therapeutic T c@lhere are specific antibodies (e.g., cetuximab)
that recognize this reporter and trigger antiboddrated target-cell death vivo (see U.S.

Patent No. 8,802,374). Thus, for example, thesgane encoding the EGFRt can under the
control of an endogenous constitutive or inducgslemoter, and after administration of the
engineered T cell to the subject for therapeutippse, the subject can be administered an
antibody that recognizes EGFRt and triggers cdtidef the engineered T cell, to shut down the
T cell activity when desired post-treatment.

7.9. Exemplary Embodiments
[00337] The invention provides the following exemplary eminoents.

[00338] Embodiment 1. A T cell wherein a transgene isgrated at a first site within the
genome of the T cell such that expression of thresgene is under control of an endogenous
promoter of the T cell, wherein the transgene easa@dtherapeutic protein or therapeutic nucleic
acid.

[00339] Embodiment 2. The T cell of embodiment 1, whetkatransgene encodes a
therapeutic protein.

[00340] Embodiment 3. The T cell of embodiment 1, whetb&transgene encodes a

therapeutic nucleic acid.

[00341] Embodiment 4. The T cell of any one of embodiradn8, wherein the transgene is

integrated at a single site within the genome.

[00342] Embodiment 5. The T cell of any one of embodimé&n8 wherein the transgene is
integrated at two sites within the genome of tHe ce

[00343] Embodiment 6. The T cell of any one of embodiménrks wherein the first site is an
exon of the endogenous gene under control of tHeganous promoter.
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[00344] Embodiment 7. The T cell of embodiment 6, whetbafirst site is within the first
exon of the endogenous gene.

[00345] Embodiment 8. The T cell of any one of embodimédn® wherein the endogenous
promoter is constitutive.

[00346] Embodiment 9. The T cell of embodiment 8, whetbapromoter is selected from
the group consisting of CD4 promoter, CD8a promd@®8b promoter, TCRa promoter, TCRb
promoter, CD3d promoter, CD3g promoter, CD3e premand CD3z promoter.

[00347] Embodiment 10. The T cell of any one of embodirmdn¥, wherein the endogenous

promoter is active in a subset of T cells.

[00348] Embodiment 11. The T cell of embodiment 10, whetke endogenous promoter is
selected from the group consisting of CD4 promd@®8a promoter, CD8b promoter, TCRa
promoter, TCRb promoter, CD3d promoter, CD3g pr@andfD3e promoter, CD3z promoter,
actin promoter, CD25 promoter, IL2 promoter, CD88rpoter, GzmB promoter, T-bet
promoter, IFNgamma promoter, TIM3 promoter, |L4pater, GATA3 promoter, IL5
promoter, IL13 promoter, IL10 promoter, IL17A proteg IL6 promoter, IL21 promoter, IL23R
promoter, FoxP3 promoter, CTLA4 promoter, CD25 poten, PD1 promoter, CD45R0O
promoter, CCR7 promoter, CD28 promoter, CD95 premd D28 promoter, CD27 promoter,
CD127 promoter, PD-1 promoter, CD122 promoter, Cbg®moter, KLRG-1 promoter, HLA-
DR promoter, CD38 promoter, CD69 promoter, Ki-6@moter, CD11a promoter, CD58
promoter, CD99 promoter, CD62L promoter, CD103 prten CCR4 promoter, CCR5
promoter, CCR6 promoter, CCR9 promoter, CCR10 ptem&@XCR3 promoter, CXCR4
promoter, CLA promoteiGranzyme A promotefGranzyme B promoteRerforin promoter,
CD57 promoter, CD161 promoter, IL-18Ra promoteKit promoter, and CD130 promoter.

[00349] Embodiment 12. The T cell of any one of embodiredn?, wherein the endogenous

promoter is inducible.

[00350] Embodiment 13. The T cell of embodiment 12, whetke endogenous promoter is
induced by activation of the T cell.
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[00351] Embodiment 14. The T cell of embodiment 12, whetke promoter is induced by
binding of a chimeric antigen receptor (CAR), anediiic co-stimulatory receptor (CCR), T cell
receptor (TCR), CD28, CD27, or 4-1BB expressedhieyTt cell to its respective binding partner.

[00352] Embodiment 15. The T cell of embodiment 14, whetke promoter is induced by
binding of a CAR, CCR or TCR expressed by the Ttodls respective binding partner.

[00353] Embodiment 16. The T cell of embodiment 15, whetke promoter is selected
from the group consisting of nuclear factor of eated T cells (NFAT) promoter, programmed
death 1 (PD-1) promoter, T cell immunoglobulin nmi8i (TIM-3) promoter, cytotoxic T
lymphocyte antigen-4 (CTLA4) promoter, lymphocythaation protein 3 (LAG-3) promoter,
tumor necrosis factor (TNF)-related apoptosis-imdgdigand (TRAIL) promoter, B- and T-
lymphocyte attenuator (BTLA) promoter, CD25 promp@D69 promoter, Fas ligand (FasL)

promoter, TIGIT promoter, and 2B4 promoter.

[00354] Embodiment 17. The T cell of embodiment 12, whetke promoter is induced by
binding of a ligand to an inhibitory receptor exgsed by the T cell.

[00355] Embodiment 18. The T cell of embodiment 17, whretke inhibitory receptor is
selected from the group consisting of PD-1, CTLARAIL, LAG-3, BTLA, TIM-3, Fas,
TIGIT, and 2B4.

[00356] Embodiment 19. The T cell of embodiment 17, whetke promoter is selected

from the group consisting of CPT1a promoter and ATBmoter.

[00357] Embodiment 20. The T cell of embodiment 12, whretke promoter is induced by
binding of a cytokine to a cytokine receptor expegsby the T cell.

[00358] Embodiment 21. The T cell of embodiment 20, whetke cytokine is selected from
the group consisting of interleukin 2 (IL2), intwkin 7 (IL7), interleukin 15 (IL15), and
interleukin 21 (IL21).

[00359] Embodiment 22. The T cell of embodiment 20, whetke cytokine is selected from
the group consisting of interleukin 10 (IL10) anansforming growth factdd (TGH3).
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[00360] Embodiment 23. The T cell of embodiment 20, whetke promoter is selected
from the group consisting of T-bet promoter, Eomesnoter, GATA3 promoter, and CD45RA

promoter.

[00361] Embodiment 24. The T cell of embodiment 12, whetke promoter is induced by

contact of the cell with a nucleic acid.

[00362] Embodiment 25. The T cell of embodiment 24, whetke nucleic acid is selected

from the group consisting of viral DNA, viral, RNAnd intracellular microRNA.

[00363] Embodiment 26. The T cell of embodiment 25, whetke promoter is selected
from the group consisting of Type I interferon ([FApha, Type | IFN beta, IRF3, IRF7, NFkB,
AP-1, TNF-alpha, IL1, and IL6.

[00364] Embodiment 27. The T cell of embodiment 12, whetke promoter is induced by

contact of the cell with a metabolite.

[00365] Embodiment 28. The T cell of embodiment 27, whretke metabolite is selected

from the group consisting of pyruvate, glutamingj aeta-hydroxybutyrate.

[00366] Embodiment 29. The T cell of embodiment 12, whetke promoter is induced by a
metabolic change in the cell or contact of the et a substance that causes a metabolic

change in the cell.

[00367] Embodiment 30. The T cell of embodiment 29, whretke promoter is PKM2

promoter.

[00368] Embodiment 31. The T cell of embodiment 12, whetke promoter is induced by a

particular ion concentration in the cell or contafcthe cell with a particular ion concentration.

[00369] Embodiment 32. The T cell of embodiment 31, whetke ion is potassium or

calcium.

[00370] Embodiment 33. The T cell of embodiment 31, whetke promoter is selected

from the group consisting of IL2 promoter, TNFalgiramoter, and IFNgamma promoter.
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[00371] Embodiment 34. The T cell of any one of embodirmdn83, wherein the transgene
encodes a molecule selected from the group comgisfia CAR, a CCR, a cytokine, a dominant
negative, a microenvironment modulator, an antibedyiosensor, a chimeric receptor ligand
(CRL), a chimeric immune receptor ligand (CIRL}s@uble receptor, a solute transporter, an
enzyme, a ribozyme, a genetic circuit, an epigematdifier, a transcriptional activator, a

transcriptional repressor, and non-coding RNA.

[00372] Embodiment 35. The T cell of embodiment 34, whetke transgene encodes a

cytokine, and optionally the cytokine is immunosiiatory.

[00373] Embodiment 36. The T cell of embodiment 35, whetke cytokine is
immunostimulatory, and the cytokine is selecteanftbe group consisting of IL2, IL12, IL15,
and IL18.

[00374] Embodiment 37. The T cell of embodiment 34, whetke transgene encodes a

cytokine, and optionally the cytokine is immunoioitory.

[00375] Embodiment 38. The T cell of embodiment 37, whetke cytokine is
immunoinhibitory, and the cytokine is selected fritma group consisting of TGFBeta and IL10.

[00376] Embodiment 39. The T cell of embodiment 34, whetke transgene encodes an
antibody, and optionally the antibody is selectedtthe group consisting of an
immunoglobulin, a Bi-specific T-cell engager (BiTB)diabody, a dual affinity re-targeting
(DART), a Fab, a F(ab"), a single chain variab#gfent (scFv), and a nanobody.

[00377] Embodiment 40. The T cell of embodiment 34, whetke transgene encodes a
CAR.

[00378] Embodiment 41. The T cell of embodiment 40, whretke CAR binds to a cancer

antigen.

[00379] Embodiment 42. The T cell of any one of embodirednB9, wherein the T cell is

sensitized to a target antigen.
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[00380] Embodiment 43. The T cell of any one of embodiredn2, wherein a transgene
(hereinafter “reporter transgene”) encoding a regganolecule is integrated within the genome
of the T cell such that expression of the repdraisgene is under control of a promoter,

preferably an endogenous promoter of the T cell.

[00381] Embodiment 44. The T cell of any one of embodiredn#t3 which is derived from a
human.

[00382] Embodiment 45. The T cell of embodiment 44, whetke T cell is a primary
human T cell, a T cell derived from a CD34 hemaiepostem cell, a T cell derived from an

embryonic stem cell, or a T cell derived from aduged pluripotent stem cell.

[00383] Embodiment 46. The T cell of any one of embodimdnd5, wherein the transgene

is integrated into the first site by targeted homgolus recombination.

[00384] Embodiment 47. The T cell of embodiment 46, whetke targeted homologous
recombination is carried out by a method comprisisigg a zinc-finger nuclease (ZFN), a
transcription activator-like effector nuclease (TA\l), a clustered regularly-interspersed short
palindromic repeats (CRISPR) associated protefda®9), Cpfl, pyrogen, Aureus,

Meganuclease or a Mega-Tal.

[00385] Embodiment 48. The T cell of any one of embodirednt7, wherein the transgene
is integrated at a plurality of sites within thengene of the T cell, and such that expression of the

transgene at said plurality of sites is under th&rol of different endogenous promoters.

[00386] Embodiment 49. A T cell wherein a first transgenmtegrated at a first site within
the genome of the cell such that expression ofitsietransgene is under control of a first
endogenous promoter of the T cell, and whereircarsktransgene is integrated at a second site
within the genome of the cell, such that expressifaine second transgene is under the control
of a second endogenous promoter, wherein saidafgtsecond endogenous promoters are
different promoters, and wherein the first tranggencodes a first therapeutic protein or first
therapeutic nucleic acid, and the second transgeoedes a second therapeutic protein or

second therapeutic nucleic acid, preferably whettegrfirst therapeutic protein or first
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therapeutic nucleic acid is different from saids®ttherapeutic protein or second therapeutic

nucleic nucleic, respectively.

[00387] Embodiment 50. The T cell of embodiment 49, whetke first transgene encodes a

first therapeutic protein.

[00388] Embodiment 51. The T cell of embodiment 49, whretbe first transgene encodes a

first therapeutic nucleic acid.

[00389] Embodiment 52. The T cell of embodiment 49, whretke second transgene

encodes a second therapeutic protein.

[00390] Embodiment 53. The T cell of embodiment 49, whetke second transgene

encodes a second therapeutic nucleic acid.

[00391] Embodiment 54. The T cell of any one of embodim&®-53, wherein the first

endogenous promoter is constitutive, and the seeaddgenous promoter is inducible.

[00392] Embodiment 55. The T cell of embodiment 54, whetke constitutive promoter is
selected from the group consisting of CD4 promd@®8a promoter, CD8b promoter, TCRa
promoter, TCRb promoter, CD3d promoter, CD3g prandfD3e promoter, and CD3z

promoter.

[00393] Embodiment 56. The T cell of embodiment 54, whretke first endogenous

promoter and/or the second endogenous promotetivean a subset of T cells.

[00394] Embodiment 57. The T cell of embodiment 56, whetke first endogenous
promoter and/or the second endogenous promotedépendently selected from the group
consisting of CD4 promoter, CD8a promoter, CD8mprter, TCRa promoter, TCRb promoter,
CD3d promoter, CD3g promoter, CD3e promoter, CD@urter, actin promoter, CD25
promoter, IL2 promoter, CD69 promoter, GzmB promotebet promoter, IFNgamma
promoter, TIM3 promoter, IL4 promoter, GATAS3 proreatIL5 promoter, IL13 promoter, IL10
promoter, IL17A promoter, IL6 promoter, IL21 proregtlL23R promoter, FoxP3 promoter,
CTLA4 promoter, CD25 promoter, PD1 promoter, CD4580moter, CCR7 promoter, CD28
promoter, CD95 promoter, CD28 promoter, CD27 prandfD127 promoter, PD-1 promoter,
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CD122 promoter, CD132 promoter, KLRG-1 promoter AHDR promoter, CD38 promoter,
CD69 promoter, Ki-67 promoter, CD11a promoter, C[ps@&moter, CD99 promoter, CD62L
promoter, CD103 promoter, CCR4 promoter, CCR5 ptem&CR6 promoter, CCR9 promoter,
CCR10 promoter, CXCR3 promoter, CXCR4 promoter, GitBmoterGranzyme A promoter,
Granzyme B promoteRerforin promoterCD57 promoter, CD161 promoter, IL-18Ra promoter,
c-Kit promoter, and CD130 promoter.

[00395] Embodiment 58. The T cell of embodiment 54, whretke inducible promoter is

induced by activation of the T cell.

[00396] Embodiment 59. The T cell of embodiment 54, whetke inducible promoter is
induced by binding of a chimeric antigen recep@AR), a chimeric co-stimulatory receptor
(CCR), T cell receptor (TCR), CD28, CD27, and 4-18&ressed by the T cell to its respective
binding partner.

[00397] Embodiment 60. The T cell of embodiment 59, whretke inducible promoter is
induced by binding of a CAR, CCR or TCR expressgthle T cell to its respective binding
partner.

[00398] Embodiment 61. The T cell of embodiment 60, whretke inducible promoter is
selected from the group consisting of nuclear fact@ctivated T cells (NFAT) promoter,
programmed death 1 (PD-1) promoter, T cell immuabglin mucin-3 (TIM-3) promoter,
cytotoxic T lymphocyte antigen-4 (CTLA4) promotBmphocyte-activation protein 3 (LAG-3)
promoter, tumor necrosis factor (TNF)-related apsjstinducing ligand (TRAIL) promoter, B-
and T-lymphocyte attenuator (BTLA) promoter, CD2bmoter, CD69 promoter, Fas ligand
(FasL) promoter, TIGIT promoter, and 2B4 promoter.

[00399] Embodiment 62. The T cell of embodiment 54, whretke inducible promoter is
induced by binding of a ligand to an inhibitory eptor expressed by the T cell.

[00400] Embodiment 63. The T cell of embodiment 62, whretke inhibitory receptor is
selected from the group consisting of PD-1, CTLARAIL, LAG-3, BTLA, TIM-3, Fas,
TIGIT, and 2B4.
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[00401] Embodiment 64. The T cell of embodiment 62, whretke inducible promoter is
selected from the group consisting of CPT1a promentd ATGL promoter.

[00402] Embodiment 65. The T cell of embodiment 54, whetke inducible promoter is
induced by binding of a cytokine to a cytokine ggoe expressed by the T cell.

[00403] Embodiment 66. The T cell of embodiment 65, whetke cytokine is selected from
the group consisting of interleukin 2 (IL2), intwkin 7 (IL7), interleukin 15 (IL15), and
interleukin 21 (IL21).

[00404] Embodiment 67. The T cell of embodiment 65, whetke cytokine is selected from
the group consisting of interleukin 10 (IL10) anansforming growth factdd (TGH3).

[00405] Embodiment 68. The T cell of embodiment 65, whetke inducible promoter is
selected from the group consisting of T-bet promdiemes promoter, GATA3 promoter, and
CD45RA promoter.

[00406] Embodiment 69. The T cell of embodiment 54, whretke inducible promoter is

induced by contact of the cell with a nucleic acid.

[00407] Embodiment 70. The T cell of embodiment 69, whetke nucleic acid is selected

from the group consisting of viral DNA, viral, RNAnd intracellular microRNA.

[00408] Embodiment 71. The T cell of embodiment 70, whretke inducible promoter is
selected from the group consisting of Type | irdssh (IFN) alpha, Type | IFN beta, IRF3,
IRF7, NFKkB, AP-1, TNF-alpha, IL1, and IL6.

[00409] Embodiment 72. The T cell of embodiment 54, whretke inducible promoter is
induced by contact of the cell with a metabolite.

[00410] Embodiment 73. The T cell of embodiment 72, whretbe metabolite is selected

from the group consisting of pyruvate, glutamingj aeta-hydroxybutyrate.
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[00411] Embodiment 74. The T cell of embodiment 54, whretke inducible promoter is
induced by a metabolic change in the cell or cdrdhthe cell with a substance that causes a

metabolic change in the cell.

[00412] Embodiment 75. The T cell of embodiment 74, whretke inducible promoter is
PKM2 promoter.

[00413] Embodiment 76. The T cell of embodiment 54, whetke inducible promoter is
induced by a particular ion concentration in thik @econtact of the cell with a particular ion

concentration.

[00414] Embodiment 77. The T cell of embodiment 76, whetke ion is potassium or

calcium.

[00415] Embodiment 78. The T cell of embodiment 76, whretke inducible promoter is
selected from the group consisting of IL2 promotéiFalpha promoter, and IFNgamma

promoter.

[00416] Embodiment 79. The T cell of any one of embodirme®-78, wherein the first
transgene and/or second transgene each encoddsail®independently selected from the
group consisting of a CAR, a CCR, a cytokine, a ihamt negative, a microenvironment
modulator, an antibody, a biosensor, a chimerieptx ligand (CRL), a chimeric immune
receptor ligand (CIRL), a soluble receptor, a sotuinsporter, an enzyme, a ribozyme, a genetic
circuit, an epigenetic modifier, a transcriptioaativator, a transcriptional repressor, and non-
coding RNA.

[00417] Embodiment 80. The T cell of embodiment 79, wiretke first transgene and/or

second transgene encodes a cytokine, preferablsewtthe cytokine is immunostimulatory.

[00418] Embodiment 81. The T cell of embodiment 80, whretke cytokine is
immunostimulatory, and is selected from the groompsisting of IL2, [L12, IL15, and IL18.

[00419] Embodiment 82. The T cell of embodiment 79, wheveherein the first transgene
and/or second transgene encodes a cytokine, pobfavaerein the cytokine is

immunoinhibitory.
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[00420] Embodiment 83. The T cell of embodiment 82, whetke cytokine is
immunoinhibitory, and is selected from the groupsisting of TGFBeta and IL10.

[00421] Embodiment 84. The T cell of embodiment 79, whretke first transgene and/or
second transgene encodes an antibody, and the@dyigan immunoglobulin, a Bi-specific T-
cell engager (BITE), a diabody, a dual affinitytaegeting (DART), a Fab, a F(ab’), a single

chain variable fragment (scFv), and a nanobody.

[00422] Embodiment 85. The T cell of embodiment 79, whretke first transgene and/or
second transgene encodes a CAR.

[00423] Embodiment 86. The T cell of embodiment 85, whetke CAR binds to a cancer

antigen.

[00424] Embodiment 87. The T cell of any one of embodirm&®-84, wherein the T cell is
sensitized to a target antigen.

[00425] Embodiment 88. The T cell of any one of embodire&®-87, wherein a transgene
(hereinafter “reporter transgene”) encoding a regganolecule is integrated within the genome
of the T cell such that expression of the repdraisgene is under control of a promoter,

preferably an endogenous promoter of the T cell.

[00426] Embodiment 89. The T cell of any one of embodirm&®-88 which is derived from

a human.

[00427] Embodiment 90. The T cell of embodiment 89, whretke T cell is a primary
human T cell, a T cell derived from a CD34 hemaiepostem cell, a T cell derived from an

embryonic stem cell, or a T cell derived from aduged pluripotent stem cell.

[00428] Embodiment 91. The T cell of any one of embodirm&®-90, wherein the first
transgene and/or second transgene is integratethiaffirst site by targeted homologous

recombination.

[00429] Embodiment 92. The T cell of embodiment 91, whetke targeted homologous

recombination is carried out by a method comprisisigg a zinc-finger nuclease (ZFN), a
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transcription activator-like effector nuclease (TB\), a clustered regularly-interspersed short
palindromic repeats (CRISPR) associated proteiDa®9), Cpfl, pyrogen, Aureus,

Meganuclease or a Mega-Tal.

[00430] Embodiment 93. The T cell of any one of embodim&®-92, wherein the first
therapeutic protein or first therapeutic nucleicas different from said second therapeutic
protein or second therapeutic nucleic nucleic, eespely.

[00431] Embodiment 94. The T cell of embodiment 54, wimetiee second endogenous

promoter is induced by activation of the T cell.

[00432] Embodiment 95. The T cell of embodiment 54, whetke first transgene encodes a
CAR.

[00433] Embodiment 96. The T cell of embodiment 95, whretke first endogenous

promoter is a T cell receptor promoter.

[00434] Embodiment 97. The T cell of embodiment 96, whretke promoter is selected
from the group consisting of T cell receptor alghain promoter, T cell receptor beta chain
promoter, CD3 gamma chain promoter, CD3 delta cheomoter, CD3 epsilon chain promoter,
and CD3 zeta chain promoter.

[00435] Embodiment 98. The T cell of embodiment 97, whetke promoter is T cell

receptor alpha chain promoter.

[00436] Embodiment 99. The T cell of any one of embodirednB6, 39-81 or 84-98 (except
insofar as the foregoing embodiments depend dyrectindirectly on embodiments 37-38),

wherein the T cell is an immunostimulatory T cell.

[00437] Embodiment 100. The T cell of embodiment 99, wimetiee T cell is selected from
the group consisting of cytotoxic T lymphocyte (QTCD4+ subtype, CD8+ subtype, central
memory T cell (TCM), stem memory T cell (TSCM),axffor memory T cell, effector T cell,
Th1 cell, Th2 cell, Th9 cell, Th17 cell, Th22 celhd Tth (follicular helper) cell.

[00438] Embodiment 101. The T cell of embodiment 100, whethe T cell is CD4+.
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[00439] Embodiment 102. The T cell of embodiment 100, whethe T cell is CD8+.

[00440] Embodiment 103. The T cell of any one of embodit®idn34, 37-79 or 82-98
(except insofar as the foregoing embodiments dederdtly or indirectly on embodiments 35-
36), wherein the T cell is an immunoinhibitory Tlce

[00441] Embodiment 104. The T cell of embodiment 103, whethe T cell is a regulatory T

cell.

[00442] Embodiment 105. An isolated population of T ceN&jch comprises a plurality of

the T cell of any one of embodiments 1-98.

[00443] Embodiment 106. An isolated population of T ceNbdjch comprises a plurality of

the T cell of any one of embodiments 99-102.

[00444] Embodiment 107. An isolated population of T ceN&jch comprises a plurality of
the T cell of embodiment 103 or 104.

[00445] Embodiment 108. A pharmaceutical composition casipyg a therapeutically
effective amount of the T cell of any one of emioeints 1-98; and a pharmaceutically

acceptable carrier.

[00446] Embodiment 109. A pharmaceutical composition casipy a therapeutically
effective amount of a population of T cells, whbpulation comprises a plurality of the T cell

of any one of embodiments 1-98; and a pharmacdlytmeceptable carrier.

[00447] Embodiment 110. A pharmaceutical composition casipy a therapeutically
effective amount of the T cell of any one of emiooeints 99-102; and a pharmaceutically

acceptable carrier.

[00448] Embodiment 111. A pharmaceutical composition casipy a therapeutically
effective amount of a population of T cells, whbpulation comprises a plurality of the T cell

of any one of embodiments 99-102 and a pharmaediytecceptable carrier.
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[00449] Embodiment 112. A pharmaceutical composition casipy a therapeutically
effective amount of the T cell of embodiment 103.64; and a pharmaceutically acceptable

carrier.

[00450] Embodiment 113. A pharmaceutical composition casiy a therapeutically
effective amount of a population of T cells, whpbpulation comprises a plurality of the T cell
of embodiment 103 or 104; and a pharmaceuticalbgjgiable carrier.

[00451] Embodiment 114. A method of treating a subjechwitcell therapy in need thereof,
comprising administering to the subject a therapeally effective amount of the T cell of any

one of embodiments 1-98.

[00452] Embodiment 115. A method of treating a subjechwitcell therapy in need thereof,
comprising administering to the subject a therapelly effective amount of the T cell

population of embodiment 105.

[00453] Embodiment 116. A method of treating a subjechwitcell therapy in need thereof,
comprising administering to the subject the phaentical composition of embodiment 108 or
109.

[00454] Embodiment 117. The method of any one of embodisn&i4-116, wherein the

subject is a human, and wherein the cell is derfv@ad a human.

[00455] Embodiment 118. The method of any one of embodisnki4-117, wherein the T

cell is autologous to the subject.

[00456] Embodiment 119. The method of any one of embodisnki4-117, wherein the T

cell is non-autologous to the subject.

[00457] Embodiment 120. A method of treating a subjechwitcell therapy in need thereof,
wherein the subject is in need of a stimulated imewesponse, comprising administering to the
subject a therapeutically effective amount of all, cwherein a transgene is integrated at a first
site within the genome of the T cell such that egpion of the transgene is under control of an
endogenous promoter of the T cell, wherein thesgjane encodes a therapeutic protein or

therapeutic nucleic acid.
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[00458] Embodiment 121. The method of embodiment 116, ethehe cell or cell

population is administered to the subject as ampheeutical composition.

[00459] Embodiment 122. The method of embodiment 120, ethéhe transgene encodes a

therapeutic protein.

[00460] Embodiment 123. The method of embodiment 120, @ihehe transgene encodes a

therapeutic nucleic acid.

[00461] Embodiment 124. The method of any one of embodisneh6-123, wherein the

transgene is integrated at a single site withinggreome.

[00462] Embodiment 125. The method of any one of embodisn&ih6-123, wherein the

transgene is integrated at two sites within theoganof the cell.

[00463] Embodiment 126. The method of any one of embodisneh6-125, wherein the first

site is an an exon of the endogenous gene undaotohthe endogenous promoter.

[00464] Embodiment 127. The method of embodiment 126, gihehe first site is within the

first exon of the endogenous gene.

[00465] Embodiment 128. The method of any one of embodisn&ih6-127, wherein the

endogenous promoter is constitutive.

[00466] Embodiment 129. The method of embodiment 128, etheéhe promoter is selected
from the group consisting of CD4 promoter, CD8anpoter, CD8b promoter, TCRa promoter,
TCRb promoter, CD3d promoter, CD3g promoter, CDi@enwter, and CD3z promoter.

[00467] Embodiment 130. The method of any one of embodisneh6-127, wherein the

endogenous promoter is active in a subset of B.cell

[00468] Embodiment 131. The method of embodiment 130, &héhe endogenous
promoter is selected from the group consisting D#@romoter, CD8a promoter, CD8b
promoter, TCRa promoter, TCRb promoter, CD3d pr@amd@D3g promoter, CD3e promoter,
CD3z promoter, actin promoter, CD25 promoter, lkt@moter, CD69 promoter, GzmB
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promoter, T-bet promoter, IFNgamma promoter, TIM8mpoter, IL4 promoter, GATA3
promoter, IL5 promoter, IL13 promoter, IL10 promotk17A promoter, IL6 promoter, 1L21
promoter, IL23R promoter, FoxP3 promoter, CTLA4muater, CD25 promoter, PD1 promoter,
CD45R0O promoter, CCR7 promoter, CD28 promoter, Cp@tnoter, CD28 promoter, CD27
promoter, CD127 promoter, PD-1 promoter, CD122 wiam CD132 promoter, KLRG-1
promoter, HLA-DR promoter, CD38 promoter, CD69 pater, Ki-67 promoter, CD11a
promoter, CD58 promoter, CD99 promoter, CD62L preenaCD103 promoter, CCR4
promoter, CCR5 promoter, CCR6 promoter, CCR9 prem@CR10 promoter, CXCR3
promoter, CXCR4 promoter, CLA promot&ranzyme A promotefGranzyme B promoter,
Perforin promoterCD57 promoter, CD161 promoter, IL-18Ra promoteKit promoter, and
CD130 promoter.

[00469] Embodiment 132. The method of any one of embodisneh6-127, wherein the

endogenous promoter is inducible.

[00470] Embodiment 133. The method of embodiment 132, iheéhe endogenous

promoter is induced by activation of the T cell.

[00471] Embodiment 134. The method of embodiment 132, @heéhe promoter is induced
by binding of a chimeric antigen receptor (CAREfhémeric co-stimulatory receptor (CCR), T
cell receptor (TCR), CD28, CD27, or 4-1BB expressgdhe T cell to its respective binding

partner.

[00472] Embodiment 135. The method of embodiment 134, ethéhe promoter is induced
by binding of a CAR, CCR or TCR expressed by theelTto its respective binding partner.

[00473] Embodiment 136. The method of embodiment 135, ethéhe promoter is selected
from the group consisting of nuclear factor of eated T cells (NFAT) promoter, programmed
death 1 (PD-1) promoter, T cell immunoglobulin nm48i (TIM-3) promoter, cytotoxic T
lymphocyte antigen-4 (CTLA4) promoter, lymphocythaation protein 3 (LAG-3) promoter,
tumor necrosis factor (TNF)-related apoptosis-imdgdigand (TRAIL) promoter, B- and T-
lymphocyte attenuator (BTLA) promoter, CD25 promp@D69 promoter, Fas ligand (FasL)
promoter, TIGIT promoter, and 2B4 promoter.
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[00474] Embodiment 137. The method of embodiment 132, theéhe promoter is induced
by binding of a ligand to an inhibitory receptopesssed by the T cell.

[00475] Embodiment 138. The nethod of embodiment 137, @thehe inhibitory receptor is
selected from the group consisting of PD-1, CTLARAIL, LAG-3, BTLA, TIM-3, Fas,
TIGIT, and 2B4.

[00476] Embodiment 139. The method of embodiment 137, theéhe promoter is selected
from the group consisting of CPT1a promoter and ABmoter.

[00477] Embodiment 140. The method of embodiment 132, @theéhe promoter is induced
by binding of a cytokine to a cytokine receptor @gsed by the T cell.

[00478] Embodiment 141. The method of embodiment 140, @ihehe cytokine is selected
from the group consisting of interleukin 2 (IL2)terleukin 7 (IL7), interleukin 15 (IL15), and
interleukin 21 (IL21).

[00479] Embodiment 142. The method of embodiment 140, etheéhe promoter is selected
from the group consisting of T-bet promoter, Eoipesnoter, GATA3 promoter, and CD45RA

promoter.

[00480] Embodiment 143. The method of embodiment 132, @theéhe promoter is induced

by contact of the cell with a nucleic acid.

[00481] Embodiment 144. The method of embodiment 143, ethehe nucleic acid is

selected from the group consisting of viral DNAaVj RNA, and intracellular microRNA.

[00482] Embodiment 145. The method of embodiment 144, ethéhe promoter is selected
from the group consisting of Type I interferon ([F&pha, Type | IFN beta, IRF3, IRF7, NFKB,
AP-1, TNF-alpha, IL1, and IL6.

[00483] Embodiment 146. The method of embodiment 132, théhe promoter is induced

by contact of the cell with a metabolite.
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[00484] Embodiment 147. The method of embodiment 146, ihéhe metabolite is

selected from the group consisting of pyruvatetaghine, and beta-hydroxybutyrate.

[00485] Embodiment 148. The method of embodiment 132, thehe promoter is induced
by a metabolic change in the cell or contact ofdiiewith a substance that causes a metabolic

change in the cell.

[00486] Embodiment 149. The method of embodiment 148, ethéhe promoter is PKM2

promoter.

[00487] Embodiment 150. The method of embodiment 132, @theéhe promoter is induced
by a particular ion concentration in the cell ontaxt of the cell with a particular ion
concentration.

[00488] Embodiment 151. The method of embodiment 150, @thehe ion is potassium or

calcium.

[00489] Embodiment 152. The method of embodiment 150, theéhe promoter is selected
from the group consisting of IL2 promoter, TNFalgramoter, and IFNgamma promoter.

[00490] Embodiment 153. The method of any one of embodisn&20-152, wherein the
transgene encodes a molecule selected from th@ gamsisting of a CAR, a CCR, a cytokine, a
dominant negative, a microenvironment modulatormtibody, a biosensor, a chimeric receptor
ligand (CRL), a chimeric immune receptor ligandRC), a soluble receptor, a solute
transporter, an enzyme, a ribozyme, a geneticitjrao epigenetic modifier, a transcriptional

activator, a transcriptional repressor, and nornrgp&NA.

[00491] Embodiment 154. The method of embodiment 153, @theéhe transgene encodes a

cytokine, and optionally the cytokine is immunosiiatory.

[00492] Embodiment 155. The method of embodiment 154, @théhe cytokine is
immunostimulatory, and the cytokine is selectednfitbe group consisting of IL2, IL12, IL15,
and 1L18.
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[00493] Embodiment 156. The method of embodiment 153, @theéhe transgene encodes an
antibody, and optionally the antibody is selectedtthe group consisting of an
immunoglobulin, a Bi-specific T-cell engager (BiTB)diabody, a dual affinity re-targeting
(DART), a Fab, a F(ab'), a single chain variabgfent (scFv), and a nanobody.

[00494] Embodiment 157. The method of embodiment 153, @théhe transgene encodes a
CAR.

[00495] Embodiment 158. The method of embodiment 157, etheéhe CAR binds to a

cancer antigen.

[00496] Embodiment 159. The method of any one of embodisnE20-156, wherein the T
cell is sensitized to a target antigen.

[00497] Embodiment 160. The method of any one of embodisn&20-159, wherein a
transgene (hereinafter “reporter transgene”) emgpdireporter molecule is integrated within the
genome of the T cell such that expression of tpenter transgene is under control of a

promoter, preferably an endogenous promoter oT tbell.

[00498] Embodiment 161. The method of any one of embodisnE20-160 which is derived
from a human.

[00499] Embodiment 162. The method of embodiment 161, etheghe T cell is a primary
human T cell, a T cell derived from a CD34 hemaiepostem cell, a T cell derived from an

embryonic stem cell, or a T cell derived from aduged pluripotent stem cell.

[00500] Embodiment 163. The method of any one of embodisnE?0-162, wherein the

transgene is integrated into the first site byesed homologous recombination.

[00501] Embodiment 164. The method of embodiment 163, @iheéhe targeted homologous
recombination is carried out by a method comprisisigg a zinc-finger nuclease (ZFN), a
transcription activator-like effector nuclease (T&\l), a clustered regularly-interspersed short
palindromic repeats (CRISPR) associated protefda®9), Cpfl, pyrogen, Aureus,
Meganuclease or a Mega-Tal.
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[00502] Embodiment 165. The T cell of any one of emboditsé20-164, wherein the
transgene is integrated at a plurality of sitedinithe genome of the T cell, and such that
expression of the transgene at said pluralitytesss under the control of different endogenous

promoters.

[00503] Embodiment 166. The T cell of any one of embodit®d20-165, wherein the T cell

is an immunostimulatory T cell.

[00504] Embodiment 167. The T cell of embodiment 166, whethe T cell is selected from
the group consisting of cytotoxic T lymphocyte (QTCD4+ subtype, CD8+ subtype, central
memory T cell (TCM), stem memory T cell (TSCM),axffor memory T cell, effector T cell,
Th1 cell, Th2 cell, Th9 cell, Th17 cell, Th22 celhd Tth (follicular helper) cell.

[00505] Embodiment 168. The T cell of embodiment 167, whethe T cell is CD4+.
[00506] Embodiment 169. The T cell of embodiment 167, whethe T cell is CD8+.

[00507] Embodiment 170. The method of any one of embodisnE20-169, wherein the

subject has cancer.
[00508] Embodiment 171. The method of embodiment 170, ethehe cancer is leukemia.

[00509] Embodiment 172. The method of any one of embodisneE20-170, wherein the

subject has a tumor.

[00510] Embodiment 173. The method of any one of embodisn&20-172, wherein the

subject is a human, and wherein the cell is derfv@t a human.

[00511] Embodiment 174. The method of any one of embodisnE20-173, wherein the cell

is autologous to the subject.

[00512] Embodiment 175. The method of any one of embodisn&20-173, wherein the cell

is non-autologous to the subject.

[00513] Embodiment 176. A method of treating a subjechwitcell therapy in need thereof,

wherein the subject is in need of an inhibited imetesponse, comprising administering to the
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subject a therapeutically effective amount of & @epopulation of cells, wherein the cellisa T
cell wherein a transgene is integrated at a fitstvgithin the genome of the cell such that
expression of the transgene is under control efradtogenous promoter of the T cell, wherein the

transgene encodes a therapeutic protein or theiapeicleic acid.

[00514] Embodiment 177. The method of embodiment 176, ethehe cell or cell

population is administered as a pharmaceutical csitipn.

[00515] Embodiment 178. The method of embodiment 176, @heéhe transgene encodes a
therapeutic protein.

[00516] Embodiment 179. The method of embodiment 176, @théhe transgene encodes a

therapeutic nucleic acid.

[00517] Embodiment 180. The method of any one of embodisn&n6-179, wherein the
transgene is integrated at a single site withingér@ome.

[00518] Embodiment 181. The method of any one of embodisnEn6-179, wherein the

transgene is integrated at two sites within theoganof the cell.

[00519] Embodiment 182. The method of any one of embodisnEn6-181, wherein the first

site is an an exon of the endogenous gene undaotohthe endogenous promoter.

[00520] Embodiment 183. The method of embodiment 182, ethehe first site is within the

first exon of the endogenous gene.

[00521] Embodiment 184. The method of any one of embodisn&n6-183, wherein the

endogenous promoter is constitutive.

[00522] Embodiment 185. The method of embodiment 184, ethéhe promoter is selected
from the group consisting of CD4 promoter, CD8anpoter, CD8b promoter, TCRa promoter,
TCRb promoter, CD3d promoter, CD3g promoter, CD@enoter, and CD3z promoter.

[00523] Embodiment 186. The method of any one of embodisn&n6-183, wherein the

endogenous promoter is active in a subset of B.cell
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[00524] Embodiment 187. The method of embodiment 186, ihéhe endogenous
promoter is selected from the group consisting D#@romoter, CD8a promoter, CD8b
promoter, TCRa promoter, TCRb promoter, CD3d premdD3g promoter, CD3e promoter,
CD3z promoter, actin promoter, CD25 promoter, lk@moter, CD69 promoter, GzmB
promoter, T-bet promoter, IFNgamma promoter, TIM@mpoter, IL4 promoter, GATAS3
promoter, IL5 promoter, IL13 promoter, IL10 promotk17A promoter, IL6 promoter, IL21
promoter, IL23R promoter, FoxP3 promoter, CTLA4muater, CD25 promoter, PD1 promoter,
CD45RO0O promoter, CCR7 promoter, CD28 promoter, Cp@noter, CD28 promoter, CD27
promoter, CD127 promoter, PD-1 promoter, CD122 wiam CD132 promoter, KLRG-1
promoter, HLA-DR promoter, CD38 promoter, CD69 pater, Ki-67 promoter, CD11a
promoter, CD58 promoter, CD99 promoter, CD62L preenaCD103 promoter, CCR4
promoter, CCR5 promoter, CCR6 promoter, CCR9 prem@CR10 promoter, CXCR3
promoter, CXCR4 promoter, CLA promot&ranzyme A promoteGranzyme B promoter,
Perforin promoterCD57 promoter, CD161 promoter, IL-18Ra promoteKit promoter, and
CD130 promoter.

[00525] Embodiment 188. The method of any one of embodisnEn6-183, wherein the

endogenous promoter is inducible.

[00526] Embodiment 189. The method of embodiment 188, @iheéhe endogenous

promoter is induced by activation of the T cell.

[00527] Embodiment 190. The method of embodiment 188, ethéhe promoter is induced
by binding of a chimeric antigen receptor (CAREfhémeric co-stimulatory receptor (CCR), T
cell receptor (TCR), CD28, CD27, or 4-1BB expressgdhe T cell to its respective binding

partner.

[00528] Embodiment 191. The method of embodiment 190, @héhe promoter is induced
by binding of a CAR, CCR or TCR expressed by theelTto its respective binding partner.

[00529] Embodiment 192. The method of embodiment 191, etheéhe promoter is selected
from the group consisting of nuclear factor of eated T cells (NFAT) promoter, programmed
death 1 (PD-1) promoter, T cell immunoglobulin nm48i (TIM-3) promoter, cytotoxic T

140



lymphocyte antigen-4 (CTLA4) promoter, lymphocythaation protein 3 (LAG-3) promoter,
tumor necrosis factor (TNF)-related apoptosis-imdgdigand (TRAIL) promoter, B- and T-
lymphocyte attenuator (BTLA) promoter, CD25 prommp@D69 promoter, Fas ligand (FasL)

promoter, TIGIT promoter, and 2B4 promoter.

[00530] Embodiment 193. The method of embodiment 188, etheéhe promoter is induced
by binding of a ligand to an inhibitory receptopesssed by the T cell.

[00531] Embodiment 194. The method of embodiment 193, @ihehe inhibitory receptor is
selected from the group consisting of PD-1, CTLARAIL, LAG-3, BTLA, TIM-3, Fas,
TIGIT, and 2B4.

[00532] Embodiment 195. The method of embodiment 193, ethehe promoter is selected
from the group consisting of CPT1a promoter and A& moter.

[00533] Embodiment 196. The method of embodiment 188, ethehe promoter is induced
by binding of a cytokine to a cytokine receptor egsed by the T cell.

[00534] Embodiment 197. The method of embodiment 196, @ihehe cytokine is selected
from the group consisting of interleukin 10 (IL1&0)d transforming growth fact@r (TGH3).

[00535] Embodiment 198. The method of embodiment 196, etheéhe promoter is selected
from the group consisting of T-bet promoter, Eomesnoter, GATA3 promoter, and CD45RA

promoter.

[00536] Embodiment 199. The method of embodiment 188, @theéhe promoter is induced

by contact of the cell with a nucleic acid.

[00537] Embodiment 200. The method of embodiment 199, etheéhe nucleic acid is

selected from the group consisting of viral DNAai RNA, and intracellular microRNA.

[00538] Embodiment 201. The method of embodiment 200, ethehe promoter is selected
from the group consisting of Type | interferon ([F&pha, Type | IFN beta, IRF3, IRF7, NFKB,
AP-1, TNF-alpha, IL1, and IL6.
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[00539] Embodiment 202. The method of embodiment 188, @theéhe promoter is induced

by contact of the cell with a metabolite.

[00540] Embodiment 203. The method of embodiment 202, théhe metabolite is
selected from the group consisting of pyruvatetaghine, and beta-hydroxybutyrate.

[00541] Embodiment 204. The method of embodiment 188, @theéhe promoter is induced
by a metabolic change in the cell or contact ofakléwith a substance that causes a metabolic

change in the cell.

[00542] Embodiment 205. The method of embodiment 204, ethéhe promoter is PKM2

promoter.

[00543] Embodiment 206. The method of embodiment 188, @iheéhe promoter is induced
by a particular ion concentration in the cell ontaxt of the cell with a particular ion

concentration.

[00544] Embodiment 207. The method of embodiment 206, atheéhe ion is potassium or

calcium.

[00545] Embodiment 208. The method of embodiment 206, etheéhe promoter is selected

from the group consisting of IL2 promoter, TNFalgramoter, and IFNgamma promoter.

[00546] Embodiment 209. The method of any one of embodimér76-208, wherein the
transgene encodes a molecule selected from th@ gamsisting of a CAR, a CCR, a cytokine, a
dominant negative, a microenvironment modulatora@atibody, a biosensor, a chimeric receptor
ligand (CRL), a chimeric immune receptor ligandRC), a soluble receptor, a solute
transporter, an enzyme, a ribozyme, a geneticitir@o epigenetic modifier, a transcriptional

activator, a transcriptional repressor, and norirp&NA.

[00547] Embodiment 210. The method of embodiment 209, gihéhe transgene encodes a

cytokine, and optionally the cytokine is immunoioitory.

[00548] Embodiment 211. The method of embodiment 210, ethehe cytokine is
immunoinhibitory, and the cytokine is selected fribra group consisting of TGFBeta and IL10.
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[00549] Embodiment 212. The method of embodiment 209, etheéhe transgene encodes an
antibody, and optionally the antibody is selectedtthe group consisting of an
immunoglobulin, a Bi-specific T-cell engager (BiTB)diabody, a dual affinity re-targeting
(DART), a Fab, a F(ab'), a single chain variabgfent (scFv), and a nanobody.

[00550] Embodiment 213. The method of embodiment 209, etheghe transgene encodes a
CAR.

[00551] Embodiment 214. The method of embodiment 213, ethéhe CAR binds to a

cancer antigen.

[00552] Embodiment 215. The method of any one of embodisnEnc-212, wherein the T
cell is sensitized to a target antigen.

[00553] Embodiment 216. The method of any one of embodisnEn6-215, wherein a
transgene (hereinafter “reporter transgene”) emgpdireporter molecule is integrated within the
genome of the T cell such that expression of tpenter transgene is under control of a

promoter, preferably an endogenous promoter oT tbell.

[00554] Embodiment 217. The method of any one of embodisnEn6-216 which is derived
from a human.

[00555] Embodiment 218. The method of embodiment 217, etheghe T cell is a primary
human T cell, a T cell derived from a CD34 hemaiepostem cell, a T cell derived from an

embryonic stem cell, or a T cell derived from aduged pluripotent stem cell.

[00556] Embodiment 219. The method of any one of embodisnEn6-218, wherein the

transgene is integrated into the first site byesed homologous recombination.

[00557] Embodiment 220. The method of embodiment 219, giheéhe targeted homologous
recombination is carried out by a method comprisisigg a zinc-finger nuclease (ZFN), a
transcription activator-like effector nuclease (T&\l), a clustered regularly-interspersed short
palindromic repeats (CRISPR) associated protefda®9), Cpfl, pyrogen, Aureus,
Meganuclease or a Mega-Tal.
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[00558] Embodiment 221. The method of any one of embodisn&n6-220, wherein the
transgene is integrated at a plurality of sitedinithe genome of the T cell, and such that
expression of the transgene at said pluralitytesss under the control of different endogenous

promoters.

[00559] Embodiment 222. The method of any one of embodisnEnc-221, wherein the T

cell is an immunoinhibitory T cell.

[00560] Embodiment 223. The method of embodiment 222, ethehe T cell is a regulatory
T cell.

[00561] Embodiment 224. The method of any one of embodisnEn6-223, wherein the

subject is a human, and wherein the cell is derfv@t a human.

[00562] Embodiment 225. The method of any one of embodisnEn-224, wherein the cell
is autologous to the subject.

[00563] Embodiment 226. The method of any one of embodisnEnc-224, wherein the cell

is non-autologous to the subject.

[00564] Embodiment 227. A method of generating a T celt #xpresses a therapeutic

transgene, comprising:
introducing into a T cell:
(i) atransgene, and

(i) a homologous recombination system suitabletdrgeted integration of the transgene
at a site within the genome of the cell, wherelgylibmologous recombination system integrates
the transgene at said site within the genome ofdtieand wherein expression of the transgene
is under the control of an endogenous promoteryeuhehe transgene encodes a therapeutic

protein or a therapeutic nucleic acid.

[00565] Embodiment 228. The method of embodiment 227, @ihéhe transgene encodes a

therapeutic protein.
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[00566] Embodiment 229. The method of embodiment 227, @ihghe transgene encodes a
therapeutic nucleic acid.

[00567] Embodiment 230. The method of embodiment 227, théhe endogenous

promoter is constitutive.

[00568] Embodiment 231. The method of embodiment 230, ethéhe promoter is selected
from the group consisting of CD4 promoter, CD8anpoter, CD8b promoter, TCRa promoter,
TCRb promoter, CD3d promoter, CD3g promoter, CDi@enwter, and CD3z promoter.

[00569] Embodiment 232. The method of embodiment 227, iheéhe endogenous

promoter is active in a subset of T cells.

[00570] Embodiment 233. The method of embodiment 232, ihéhe endogenous
promoter is selected from the group consisting B#@romoter, CD8a promoter, CD8b
promoter, TCRa promoter, TCRb promoter, CD3d premdD3g promoter, CD3e promoter,
CD3z promoter, actin promoter, CD25 promoter, lit@moter, CD69 promoter, GzmB
promoter, T-bet promoter, IFNgamma promoter, TIM@mpoter, IL4 promoter, GATAS3
promoter, IL5 promoter, IL13 promoter, IL10 promotk17A promoter, IL6 promoter, IL21
promoter, IL23R promoter, FoxP3 promoter, CTLA4muater, CD25 promoter, PD1 promoter,
CD45R0O promoter, CCR7 promoter, CD28 promoter, Cp@tnoter, CD28 promoter, CD27
promoter, CD127 promoter, PD-1 promoter, CD122 wiam CD132 promoter, KLRG-1
promoter, HLA-DR promoter, CD38 promoter, CD69 pater, Ki-67 promoter, CD11a
promoter, CD58 promoter, CD99 promoter, CD62L preenaCD103 promoter, CCR4
promoter, CCR5 promoter, CCR6 promoter, CCR9 prem@CR10 promoter, CXCR3
promoter, CXCR4 promoter, CLA promot&ranzyme A promoteGranzyme B promoter,
Perforin promoterCD57 promoter, CD161 promoter, IL-18Ra promoteKit promoter, and
CD130 promoter.

[00571] Embodiment 234. The method of embodiment 227, iheéhe endogenous
promoter is inducible.

[00572] Embodiment 235. The method of embodiment 234, ethéhe endogenous

promoter is induced by activation of the T cell.
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[00573] Embodiment 236. The method of embodiment 234, @iheéhe promoter is induced
by binding of a chimeric antigen receptor (CAREfhemeric co-stimulatory receptor (CCR), T
cell receptor (TCR), CD28, CD27, and 4-1BB exprddsethe T cell to its respective binding

partner.

[00574] Embodiment 237. The method of embodiment 236, theéhe promoter is induced
by binding of a CAR, CCR or TCR expressed by thelTto its respective binding partner.

[00575] Embodiment 238. The method of embodiment 237, théhe promoter is selected
from the group consisting of nuclear factor of eatied T cells (NFAT) promoter, programmed
death 1 (PD-1) promoter, T cell immunoglobulin nm48i (TIM-3) promoter, cytotoxic T
lymphocyte antigen-4 (CTLA4) promoter, lymphocythaation protein 3 (LAG-3) promoter,
tumor necrosis factor (TNF)-related apoptosis-imdgdigand (TRAIL) promoter, B- and T-
lymphocyte attenuator (BTLA) promoter, CD25 prommp@D69 promoter, Fas ligand (FasL)

promoter, TIGIT promoter, and 2B4 promoter.

[00576] Embodiment 239. The method of embodiment 234, @theéhe promoter is induced
by binding of a ligand to an inhibitory receptopesssed by the T cell.

[00577] Embodiment 240. The method of embodiment 239, eihehe inhibitory receptor is
selected from the group consisting of PD-1, CTLARAIL, LAG-3, BTLA, TIM-3, Fas,
TIGIT, and 2B4.

[00578] Embodiment 241. The method of embodiment 239, etheéhe promoter is selected

from the group consisting of CPT1a promoter and ABmoter.

[00579] Embodiment 242. The method of embodiment 234, @iheéhe promoter is induced
by binding of a cytokine to a cytokine receptor @gsed by the T cell.

[00580] Embodiment 243. The method of embodiment 242, ethehe cytokine is selected
from the group consisting of interleukin 2 (IL2)terleukin 7 (IL7), interleukin 15 (IL15), and
interleukin 21 (IL21).

146



[00581] Embodiment 244. The method of embodiment 242, @ihehe cytokine is selected
from the group consisting of interleukin 10 (IL1&0)d transforming growth fact@r (TGH3).

[00582] Embodiment 245. The method of embodiment 242, etheéhe promoter is selected
from the group consisting of T-bet promoter, Eoimesnoter, GATA3 promoter, and CD45RA

promoter.

[00583] Embodiment 246. The method of embodiment 234, ethéhe promoter is induced

by contact of the cell with a nucleic acid.

[00584] Embodiment 247. The method of embodiment 246, @ihehe nucleic acid is

selected from the group consisting of viral DNAali RNA, and intracellular microRNA.

[00585] Embodiment 248. The method of embodiment 247, etheéhe promoter is selected
from the group consisting of Type | interferon ([FApha, Type | IFN beta, IRF3, IRF7, NFKkB,
AP-1, TNF-alpha, IL1, and IL6.

[00586] Embodiment 249. The method of embodiment 234, @iheéhe promoter is induced

by contact of the cell with a metabolite.

[00587] Embodiment 250. The method of embodiment 249, ethéhe metabolite is

selected from the group consisting of pyruvatetaghine, and beta-hydroxybutyrate.

[00588] Embodiment 251. The method of embodiment 234, @theéhe promoter is induced
by a metabolic change in the cell or contact ofdiiewith a substance that causes a metabolic

change in the cell.

[00589] Embodiment 252. The method of embodiment 251, ethéhe promoter is PKM2

promoter.

[00590] Embodiment 253. The method of embodiment 234, @theéhe promoter is induced
by a particular ion concentration in the cell ontaxt of the cell with a particular ion

concentration.
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[00591] Embodiment 254. The method of embodiment 253, ethehe ion is potassium or

calcium.

[00592] Embodiment 255. The method of embodiment 253, etheéhe promoter is selected
from the group consisting of IL2 promoter, TNFalgramoter, and IFNgamma promoter.

[00593] Embodiment 256. The method of any one of embodign2a7-255, wherein the
transgene encodes a molecule selected from th@ gamsisting of a CAR, a CCR, a cytokine, a
dominant negative, a microenvironment modulatoramtibody, a biosensor, a chimeric receptor
ligand (CRL), a chimeric immune receptor ligandRC), a soluble receptor, a solute
transporter, an enzyme, a ribozyme, a geneticitir@o epigenetic modifier, a transcriptional

activator, a transcriptional repressor, and nornrp&NA.

[00594] Embodiment 257. The method of embodiment 256, @théhe transgene encodes a

cytokine, and optionally the cytokine is immunosiiatory.

[00595] Embodiment 258. The method of embodiment 257, @iheéhe cytokine is
immunostimulatory, and the cytokine is selectednfitbe group consisting of IL2, IL12, IL15,
and 1L18.

[00596] Embodiment 259. The method of embodiment 256, @ihéhe transgene encodes a

cytokine, and optionally the cytokine is immunoioitory.

[00597] Embodiment 260. The method of embodiment 259, ethehe cytokine is
immunoinhibitory, and the cytokine is selected fritma group consisting of TGFBeta and IL10.

[00598] Embodiment 261. The method of embodiment 256, ethehe transgene encodes an
antibody, and optionally the antibody is selectedtthe group consisting of an
immunoglobulin, a Bi-specific T-cell engager (BiTB)diabody, a dual affinity re-targeting
(DART), a Fab, a F(ab'), a single chain variabgfent (scFv), and a nanobody.

[00599] Embodiment 262. The method of embodiment 256, @thghe transgene encodes a
CAR.
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[00600] Embodiment 263. The method of embodiment 262, etheéhe CAR binds to a

cancer antigen.

[00601] Embodiment 264. The method of any one of embodisn2?7-263, wherein the T

cell is sensitized to a target antigen.

[00602] Embodiment 265. The method of any one of embodign227-264, wherein a
transgene (hereinafter “reporter transgene”) emgpdireporter molecule is integrated within the
genome of the T cell such that expression of tpenter transgene is under control of a

promoter, preferably an endogenous promoter ot tbell.

[00603] Embodiment 266. The method of any one of embodisn227-265 which is derived
from a human.

[00604] Embodiment 267. The method of embodiment 266, ethehe T cell is a primary
human T cell, a T cell derived from a CD34 hemaiepostem cell, a T cell derived from an

embryonic stem cell, or a T cell derived from aduged pluripotent stem cell.

[00605] Embodiment 268. The method of any one of embodign227-267, wherein the

transgene is integrated into the first site byesed homologous recombination.

[00606] Embodiment 269. The method of embodiment 268, @iheéhe targeted homologous
recombination is carried out by a method comprisisigg a zinc-finger nuclease (ZFN), a
transcription activator-like effector nuclease (T#\), a clustered regularly-interspersed short
palindromic repeats (CRISPR) associated protefda®9), Cpfl, pyrogen, Aureus,
Meganuclease or a Mega-Tal.

[00607] Embodiment 270. The method of any one of embodisn227-269, wherein the
transgene is integrated at a plurality of sitedinithe genome of the T cell, and such that
expression of the transgene at said pluralitytesss under the control of different endogenous

promoters.

[00608] Embodiment 271. The method of any one of embodign2a7-270, wherein the
transgene that is introduced into the cell is cdoethin a targeting construct.
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[00609] Embodiment 272. The method of embodiment 271, etheéhe targeting construct

comprises viral nucleic acid sequences.

[00610] Embodiment 273. The method of embodiment 271 @r @herein the targeting

construct is packaged into a natural or recombiadato-associated virus (AVV) viral particle.

[00611] Embodiment 274. The method of embodiment 273, iheéhe AAV patrticle
comprises AAV6 sequences.

[00612] Embodiment 275. The method of embodiment 271 @r @herein the targeting

construct is packaged into a non-integrating gametr@virus.

[00613] Embodiment 276. The method of any one of embodign2a7-275, wherein the

transgene in the targeting construct are not opeliaed to a promoter.

[00614] Embodiment 277. The method of any one of embodisn2a7-276, further

comprising introducing a second transgene intoltoell.

[00615] Embodiment 278. The method of embodiment 277, ethehe first transgene is
under control of an endogenous constitutive promentel the second transgene is under control

of an endogenous inducible promoter.

[00616] Embodiment 279. The method of embodiment 278, athehe first transgene is a
CAR.

[00617] Embodiment 280. The method of embodiment 279, @iheéhe endogenous

constitutive promoter is a T cell receptor promoter

[00618] Embodiment 281. The method of embodiment 280, etheéhe promoter is selected
from the group consisting of T cell receptor alghain promoter, T cell receptor beta chain
promoter, CD3 gamma chain promoter, CD3 delta cheomoter, CD3 epsilon chain promoter,
and CD3 zeta chain promoter.

[00619] Embodiment 282. The method of embodiment 281, ethehe promoter is T cell

receptor alpha chain promoter.
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[00620] Embodiment 283. A vector comprising a non-intedggagamma-retrovirus.

[00621] Embodiment 284. The vector of embodiment 283, eihethe non-integrating

gamma-retrovirus comprises a mutated integrase.

[00622] Embodiment 285. The vector of embodiment 284, einghe mutated integrase is

mutated at a DDE motif.

[00623] Embodiment 286. The vector of embodiment 285, eindhe mutated integrase has
a mutation selected from the group consisting a4, D124E, D124N, D124V, D183A,
D183N, D124A and D183A, D124A and D183N, D124E a1i@3A, D124E and D183N,
D124N and D183A, D124N and D183N, D124V and D18&#Ad D124V and D183N.

[00624] Embodiment 287. A T cell wherein a recombinanti@igccacid sequence encoding a
chimeric antigen receptor (CAR) is integrated &tst site within the genome of the cell such
that the CAR is expressed by the cell at the saréd¢he cell, and wherein integration of the
nucleic acid encoding the CAR at said first siduees or prevents expression of a functional T

cell receptor (TCR) complex at the surface of thk c

[00625] Embodiment 288. The T cell of embodiment 287, whethe nucleic acid sequence
encoding the CAR is integrated at a single sitdiwithe genome.

[00626] Embodiment 289. The T cell of embodiment 287, whrethe nucleic acid sequence

encoding the CAR is integrated at two sites withiem genome of the cell.

[00627] Embodiment 290. The T cell of embodiment 289, whethe first site is an an exon

of the gene encoding a protein of the TCR complex.

[00628] Embodiment 291. The T cell of any one of embodit®m@87-290, wherein
integration of the nucleic acid sequence encodiegdAR at the first site reduces or prevents
expression of a protein selected from the grouisting of T cell receptor alpha chain, T cell
receptor beta chain, CD3 gamma chain, CD3 deltencl8d3 epsilon chain, and CD3 zeta

chain.
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[00629] Embodiment 292. The T cell of any one of embodit®m@87-291, wherein
expression of the integrated nucleic acid sequanttee T cell is under the control of an

endogenous promoter.

[00630] Embodiment 293. The T cell of embodiment 292, whrethe endogenous promoter

is a T cell receptor complex promoter.

[00631] Embodiment 294. The T cell of embodiment 292, whrethe endogenous promoter
is a promoter of a gene encoding a T cell recegdfra chain, T cell receptor beta chain, CD3

gamma chain, CD3 delta chain, CD3 epsilon chailG@8 zeta chain.

[00632] Embodiment 295. The T cell of any one of embodim@87-294, wherein the CAR

binds to a cancer antigen.

[00633] Embodiment 296. The T cell of any one of emboditm@87-295, wherein the T cell
is selected from the group consisting of cytotokigmphocyte (CTL), CD4+ subtype, CD8+
subtype, central memory T cell (TCM), stem memomrgell (TSCM), effector memory T cell,
effector T cell, Thl cell, Th2 cell, Th9 cell, Thtéll, Th22 cell, Tth (follicular helper) cell, and

T regulatory cell.

[00634] Embodiment 297. The T cell of any one of embodit®m@87-296 which is derived

from a human.

[00635] Embodiment 298. The T cell of embodiment 297, whethe T cell is a primary
human T cell, a T cell derived from a CD34 hematejpo stem cell, a T cell derived from an

embryonic stem cell, or a T cell derived from aduged pluripotent stem cell.

[00636] Embodiment 299. The T cell of any one of embodim@87-298, wherein the
nucleic acid sequence encoding the CAR is intedriat® the first site by targeted homologous

recombination.

[00637] Embodiment 300. The T cell of embodiment 299, whethe targeted homologous
recombination is carried out using a zinc-fingeclease (ZFN), a transcription activator-like
effector nuclease (TALEN),a clustered regularlyerspersed short palindromic repeats
(CRISPR) associated protein 9 (Cas9), Cpfl, Medease or a Mega-Tal.
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[00638] Embodiment 301. The T cell of embodiment 287, whrethe nucleic acid sequence
encoding the CAR is integrated at a plurality eésiwithin the genome of the cell, and such that
expression of the nucleic acid sequence encodm@#&R at said plurality of sites is under the

control of a different endogenous promoter.

[00639] Embodiment 302. The T cell of any one of embodit®m@87-301, wherein said
nucleic acid sequence encoding a CAR is also iatedrat a second site within the genome of
the cell such that the CAR is expressed by theatehe surface of the cell.

[00640] Embodiment 303. The T cell of embodiment 302, wheimtegration of the nucleic
acid encoding the CAR at said second site alsocesdar prevents expression of a functional
TCR complex at the surface of the cell, wherein $iast site and said second site are in different

genes.

[00641] Embodiment 304. The T cell of any one of emboditm@87-303, wherein a second
nucleic acid sequence encoding a second CAR igratied at a second site within the genome of
the cell such that the second CAR is expressetidygell at the surface of the cell, and such that
expression of the second nucleic acid sequenaadisrihe control of an endogenous promoter

at said second site, wherein said first site amtisecond site are in different genes.

[00642] Embodiment 305. A human T cell wherein a promd¢ss recombinant nucleic acid
sequence encoding a CAR is integrated at a stteeigenome of the cell, said site being the first
exon of the TCR alpha chain, such that the CARKmsessed under control of the endogenous
TCR alpha chain promoter, to produce said CAR asstirface of the cell, and wherein
integration of the CAR at said site reduces or pnés expression of a functional TCR alpha

chain.

[00643] Embodiment 306. The human T cell of embodiment 80terein the CAR binds to
CD109.

[00644] Embodiment 307. An isolated population of T ceNbkjch comprises a plurality of

the cell of any one of embodiments 287-306.
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[00645] Embodiment 308. A pharmaceutical composition casiyg a therapeutically
effective amount of the cell of any one of emboditse287-306; and a pharmaceutically

acceptable carrier.

[00646] Embodiment 309. A pharmaceutical composition casiyg a therapeutically
effective amount of a population of T cells, whbpulation comprises a plurality of the cell of
any one of embodiments 287-306; and a pharmacéytazeptable carrier.

[00647] Embodiment 310. A method of treating a subjechW@AR therapy in need thereof,
comprising administering to the subject a therapelly effective amount of the cell of any one
of embodiments 287-306.

[00648] Embodiment 311. A method of treating a subjechW@AR therapy in need thereof,

comprising administering to the subject the phaentical composition of embodiment 308.

[00649] Embodiment 312. A method of treating a subjechWAR therapy in need thereof,
comprising administering to the subject a therapally effective amount of the cell population
of embodiment 307.

[00650] Embodiment 313. A method of treating a subjechWAR therapy in need thereof,
comprising administering to the subject the phaen#ical composition of embodiment 309.

[00651] Embodiment 314. The method of any one of embodisn&ih0-313, wherein the
subject has cancer, and wherein the CAR bindsamaer antigen of the cancer.

[00652] Embodiment 315. The method of embodiment 314, ethehe cancer is leukemia.

[00653] Embodiment 316. The method of any one of embodisn&th0-314, wherein the

subject has a tumor.

[00654] Embodiment 317. The method of any one of embodisn@h0-316, wherein the
subject is a human, and wherein the cell is derfv@a a human.

[00655] Embodiment 318. The method of any one of embodisn&h0-317, wherein the cell

is autologous to the subject.
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[00656] Embodiment 319. The method of any one of embodisn&h0-317, wherein the cell
is non-autologous to the subject.

[00657] Embodiment 320. A method of generating a T celt #xpresses a chimeric antigen

receptor (CAR) and lacks a functional T cell recefT CR) complex, comprising:
introducing into a T cell:
(i) a nucleic acid sequence encoding a CAR, and

(i) a homologous recombination system suitabletdrgeted integration of the nucleic
acid sequence at a site within the genome of thevdgereby the homologous recombination
system integrates the nucleic acid sequence ergtittnCAR at said site within the genome of
the cell such that integration of the CAR at sétiel 'educes or prevents expression of a
functional T cell receptor complex at the surfatéhe cell, thereby generating a T cell that

expresses the CAR and lacks a functional TCR comple

[00658] Embodiment 321. The method of embodiment 320, ethexxpression of the CAR

is under the control of an endogenous promoter.

[00659] Embodiment 322. The method of embodiment 321, héhe endogenous
promoter is a promoter of a gene encoding a Tree#ptor alpha chain, T cell receptor beta

chain, CD3 gamma chain, CD3 delta chain, CD3 epgilain, or CD3 zeta chain.

[00660] Embodiment 323. The method of any one of embodisn&20-322, wherein the
homologous recombination system comprises a zimgefinuclease (ZFN), a transcription
activator-like effector nuclease (TALEN), or cluste regularly-interspersed short palindromic

repeats (CRISPR) associated protein 9 (Cas9), Gfffjanuclease or a Mega-Tal.

[00661] Embodiment 324. The method of any one of embodisn&20-323, wherein the
nucleic acid sequence encoding the CAR that isdired into the cell is contained in a

targeting construct.

[00662] Embodiment 325. The method of embodiment 324, ethehe targeting construct

comprises adeno-associated virus 2 (AAV2) sequences
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[00663] Embodiment 326. The method of embodiment 324 & @Perein the targeting
construct is packaged into a natural or recombiadaho-associated virus (AVV) viral particle.

[00664] Embodiment 327. The method of embodiment 326, theéhe AAV particle

comprises AAV6 sequences.

[00665] Embodiment 328. The method of any one of embodisn&20-327, wherein the
nucleic acid sequences encoding the CAR in theetizng) construct are not operably linked to a

promoter.

[00666] Embodiment 329. The method of any one of embodisn&20-328, wherein the
targeting construct comprises ihtd 3 order: a first viral sequence, a left homology aam

nucleic acid sequence encoding a self-cleavingipeteschovirus 2A, the nucleic acid sequence
encoding the CAR, a polyadenylation sequence,hd higmology arm, and a second viral

sequence.

[00667] Embodiment 330. The method of embodiment 329, gihehe first or the second
viral sequence is from an adeno-associated virds/jA

[00668] Embodiment 331. The method of embodiment 330, theéhe AAV is AAV2,
AAVS5 or AAVG.

[00669] Embodiment 332. An induced pluripotent stem aierein a recombinant nucleic
acid sequence encoding a chimeric antigen recéPR) is integrated at a first site within the
genome of the cell such that the CAR is expresygdtidcell at the surface of the cell, and

wherein integration of the nucleic acid encoding @AR at said first site reduces or prevents

expression of a functional T cell receptor (TCR)nptex at the surface of the cell.

[00670] Itis understood that modifications which do ndvstantially affect the activity of the
various embodiments of this invention are also gl within the definition of the invention
provided herein. Accordingly, the following exareplare intended to illustrate but not limit the

present invention.
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8. EXAMPLES
8.1 Example 1. One-step Genearation of Universal CAR T Cells.
[00671] Described below is a strategy for one-step gerarati universal CAR T cells.

[00672] The method involves a two-in-one genome editingtegy to generate universal
CAR T cells with the CAR under the control of th€R alpha promoter. To do so, the TCR
expression was disrupted by targeting a CAR ingoTt&R alpha constant chain gene and the
endogenous promoter was used to express the CARordd nucleases (TALEN and
CRISPR/cas9) were designed targeting the first eXahe TRAC gene, and an AAV vector was
used to promote integration of the CAR in framewiite TRAC gene by homologous directed
repair (HDR).

[00673] Tailored Nucleases: TALEN and a gRNA were desigoedrget the first exon on

the TRAC gene. The sequence targeted is located upstretiia rtansmembrane domain of the
TCR alpha. This domain is required for the TCRhalpnd beta assembly and addressing to the
cell surface. Non-homologous end joining (NHEJintegration of the CAR by HDR at this

locus efficiently disrupts the TCR complex.
[00674] TRAC-gRNA sequence :

[00675] C*A*G*GGUUCUG GAUAUCUGUG UUUUAGAGCU AGAAAUAGCA
AGUUAAAAUA AGGCUAGUCC GUUAUCAACU UGAAAAAGUG GCACCGAGUC
GGUGCU*U*U*U (SEQ ID NO:24)

[00676] *2'-O-methyl 3' phosphorothioate
[00677] TALEN target sequence (spacer underlined) :

[00678] TTGTCCCACAGATATCC _AGAACCCTGACCCTG
CCGTGTACCAGCTGAGA (SEQ ID NO:25)

[00679] Messenger RNA: The plasmids coding for the TALENev&ynthesized by

Transposagen and linearized with Agel. TALEN mRWN@&re transcribed and polyadenylated
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vitro using the mMessage mMachine T7 Ultra kit (Life Aiealogies; Carlsbad, CA). RNA was
purified with RNeasy columns (Qiagen; Valencia, @A quantified using the Nanodrop
machine. Quality of the RNA was verified on a denag formaldehyde/MOPS agarose gel.
Modified guide RNAs (gRNAs) and Cas9 mRNA were &gsized by TriLink Biotechnologies.
gRNAs were reconstituted at 1ug/uL in cytoporafloBuffer (Harvard Apparatus; Holliston,
MA).

[00680] AAV: For TRAC targeting (see Figure 1A), based on a pAAV-GFRbane
(Cellbiolabs; San Diego, CA), the pAAVRAC-P2A-1928z was designed and cloned containing
1.9kb of genomid@RAC (amplified by PCR) flanking the TALEN and gRNA ¢&ting

sequences, a self-cleaving P2A peptide in framk thi¢ first exon oTRAC, followed by the

1928z CAR used in clinical trials (Brentjens et &ti. Trangl. Med. 5(177):177ra38. doi:
10.1126/scitransImed.3005930 (2013)). Briefly, @%R comprises a single chain variable
fragment 19scFV, specific for the human CD19 preddaly a CD8a leader peptide and followed
by CD28 hinge-transmembrane-intracellular regiom$ @D3 intracellular domain. The

cassette is terminated by the bovine growth hornpahgA signal (BGHpA).

[00681] Cells: Buffy coats from healthy volunteer donorgevebtained from the New York
Blood Center. Peripheral blood mononuclear ceisawsolated by density gradient
centrifugation, and T lymphocytes were then pudifissing the Pan T cells isolation kit (Miltenyi
Biotech; San Diego, CA). Cells were activated vilynabeads (1:1 beads:Cell) Human T-
Activator CD3/CD28 (ThermoFisher; Carlsbad CA) irviXxo 15 medium (Lonza; Basel,
Switzerland) supplemented human serum (Gemini Biypets; West Sacramento, CA) with 200
U/ml IL-2 (Miltenyi Biotech) at a density of 2@ells/ml. The medium was changed every 2

days, and cells were replated at &6lls/ml.

[00682] Gene Targeting: After a 48h-activation, the CD3/@D2ads were magnetically

removed, and the cells were cultured in the absehbeads for 12-16 hours. T lymphocytes
were transfected by electrotransfer of TALEN or @gRNA RNAs using an AgilePulse MAX
system (Harvard Apparatus). Briefly, cells wereshed in cytoporation medium T (Harvard
Apparatus). Cells were then pelleted, resuspeirdegtoporation medium T at 30x3€ells/ml.

3x1@ cells were mixed with the indicated dose of ea@®NA encoding the tailored nucleases
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into a 0.2 cm cuvette. The electroporation coedisif two 0.1 ms pulses at 600 V followed by
four 0.2ms pulses at 100V. Following electropanaticells were diluted into culture medium
and incubated at 37°C, 5% @OAAV was added to the culture 2 to 4 hours after
electroporation, followed by continued 30°C incudatfor 20 additional hours. AAV donor
was added at the indicated MOI (1e5 to 1e6 MOLDbsequently, edited cells were cultured
using standard conditions (37°C and expanded ialllgowth medium, replenished as needed

to maintain a density of ~1e6 cells/ml every 2 w@ays).

[00683] These conditions are highly reproducible among doaad resulted in up to 50% of
TCR-/CAR+ T cells in one single step with both TAlLlEBnd CRISPR.

[00684] To obtain TCR-negative T cells, TCR-positive T sellere removed from the culture

using magnetic PE-anti-TCRab and anti-PE microbaadsLS columns (Miltenyi Biotech).

[00685] Retroviral Vector Constructs and Retroviral ProductPlasmids encoding the SFG
y-retroviral vector (Riviere et alBroc. Natl. Acad. Sci. USA 92(15):6733-6737 (1995)) were
prepared using standard molecular biology techmig®ynthesis of SFG-1928z and SFG-P28z
has been previously described (Brentjens eNat. Med. 9(3):279-286 (2003), Brentjens et al.,
2007Clin. Cancer Res. 13(18 Pt 1):5426-5435 (2007); Maher et Idhf. Biotechnol. 20(1):70-5
(2002)). VSV-G pseudotyped retroviral supernataetsved from transduced gpg29 fibroblasts

(H29) were used to construct stable retroviral-ponag cell lines as previously described (Gong
et al.,Neoplasia 1:123-127 (1999)).

[00686] Retroviral Transduction: T cells were transducedvem consecutive days by

centrifugation on Retronectin (Takara; MountainW,i€A)-coated oncoretroviral vector-bound

plates.

[00687] Cytotoxicity assays: The cytotoxicity of T cellamisduced with a CAR was
determined by standard luciferase-based assalyridf) NALM6 expressing firefly luciferase-
GFP served as target cells. The effector (E) anbt target (T) cells were co-cultured in
triplicates at indicated E/T ratio using black—&dl96 well plates with 1x2Qarget cells in a
total volume of 10Qul/well in NALM6 Medium. Target cells alone weregpgd at the same cell

density to determine the maximal luciferase expoasgelative light units; RLUmax). 18 hr
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later, 100ul luciferase substrate (Bright-Glo, Promega; Madjs&/l) was directly added to each
well. Emitted light was detected in a luminesceplege reader or Xenogen IVIS Imaging
System (Xenogen; Alameda, CA), and quantified usintng Image software (Xenogen). Lysis
was determined as [ (RLUsample)/(RLUmax)] x 100.

[00688] Mouse Systemic Tumor Model: The mouse model usexd8wv#o 12-week-old
NOD.Cg-Prkdcscidll2rgtm1Wjl/SzJ (NSG) mice (Jacksé@toratory; Bar Harbor, ME), under a
protocol approved by the MSKCC Institutional Anin@dre and Use Committee. Mice were
inoculated with 0.5 x 0FFLuc-GFP NALMG cells by tail vein injection, follved by 2 x 19

CAR T cells injected four days later. NALM6 pro@ueery even tumor burdens and no mice

were excluded prior to treatment. No blinding noetlivas used. Bioluminescence imaging
utilized the Xenogen IVIS Imaging System (Xenogeftth Living Image software (Xenogen)

for acquisition of imaging datasets. Tumor burdexrs assessed as previously described (Gade
et al.,Cancer Res. 65(19):9080-9088 (2005)).

[00689] Figure 1A shows a schematic of tailored nucleagd EIN or CRISPR/Cas9)-

induced targeted integration into TCR alpha congfERAC) locus. The targeting construct
(AAV6) contains the CAR gene flanked by homologgsences (left homologous arm, LHA

and right homologous arm, RHA). Once integratedR@Xpression is driven by the endogenous
TCRa promoter whildRAC locus is disrupted (TRAV: TCR alpha variable regidRAJ: TCR
alpha joining region; 2A: the self cleaving Porcteschovirus 2A sequence; pA: bovine growth
hormone PolyA sequence). Figure 1B shows reprasea{lT CR/CAR flow plot 5 days after
transfection of T cells witiRAC TALEN mRNA and addition of AAV6 at the noted MOAs
shown in Figure 1B, the expression of CAR incream®dithe expression of TCR decreased with
increasing AAV MOI. Figure 1C shows a bar-graphhaf percentage of TCR disruption (KO:
knockout) and targeted integration (KI: knockinpdeding on the AAV6 MOI. The

percentages were assessed by FACS analysis. Higushows average CAR expression mean
fluorescence intensity (MFI) 5 days after CAR veiation into T cells (n= 6 to 8 independent
experiments). The results show that targeted rateg of CAR in theTRAC locus resulted in a
homogenous population of T cells with similar exgsien levels of CAR. Figure 1E shows
coefficient of variation of the CAR+ T cells measigrthe dispersion in the CAR expression

(ratio of the standard deviation to the meaffRAC-P2A-1928z: Targeted integration into
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TRAC. SFG-1928z: semi-random integration using the 8ffdvirus. ***P < 0.0001
(unpaired T-test). These results show that tadgetegration of CAR in th&RAC locus

resulted in a homogeneous population of T cellf wiinilar expression.

[00690] Figure 2A shows flow cytometry analysis showing CaRl TCR expression.
TRAC-P2A-1928z were generated as in Figure 1. TALENegated TCR- cells were

transduced with SFG-1928z retrovirus. TCR+ ceksentransduced with either SFG-1928z or
SGF-P28z retrovirus. Figure 2B shows cumulativeocmints of indicated CAR T cells upon
weekly stimulation with CD19+ target cells, showihgt cells expressing 1928z exhibitad

vitro proliferation. Figure 2C shows cytotoxic activitging an 18 hr bioluminescence assay,
using firefly luciferase (FFL)-expressing NALMG6 &sget cells. Cells expressing 1928z
exhibited cytotoxic activity. Figures 2D and 2EshFFL-NALMG6 bearing mice were treated
with 2 x 10 CAR T cells. Tumor burden is shown as biolumieessignal quantified per

animal every week over a 40-day period. Quantificeis the average photon count of ventral
and dorsal acquisitions per animal at all giveretipoints, and it is expressed as radiance. Each
line in Figure 2E represents one mouse. n = 7 pecggroup. The lower right figure is Kaplan-
Meier analysis of survival of mice in Figures 2Dd#E. These results demonstrate that targeted
integration of a CAR int@RAC resulted in survival significantly longer than wgemi-random
integration using the SFG retrovirus.

[00691] Taken together these results show that, at an agmitvdose of CAR T cell injected,
cells with the CAR targeted into tA&RAC locus are strongly more potent than the cells

retrovirally transduced with CAR.

[00692] As described above, a strategy for one-step geaeratt universal CAR T cells was
developed by targeting the integration of a promtises CAR gene cassette in the TCR alpha
constant chainTRAC) first exon. This results in CAR expression unither control of the
endogenous TCR alpha promoter with concomitantigtgsn of the TCR alpha gene expression.
As all components of the TCR complex are requicedt$ localization to the cytoplasmic
membrane, the TCR alpha disruption leads to TCRutnegcells. This approach is suitable with
the commonly used genome editing platforms (fomgXa, TALEN, CRISPR/Cas9, ZFN) and

results in homologous recombination at TRAC target site using an AAV donor template in T
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cells. The efficiency of TALEN and CRISPR/Cas®tomote homologous recombination using
AAV6 donor template in T cells was compared. Ctods were established yielding up to 50%
of universal CAR T cells combining target gene uidion and CAR targeted insertion in a
single step. The targeted integration of the CAsRsgene was molecularly confirmed, which
results in highly homogeneous and stable CAR esprsn human peripheral blood T cells.
These T cells exhibited the samevitro tumor lysis activity and proliferation than retinally
transduced CAR T cells, which supports their usefs inn vivo anti-tumor activity. The
endogenous TCR alpha promoter provided unantiaipaéaefits. The method provided highly
homogeneous and stable CAR expression in humapheeal blood T cells, and also improved
T cell persistence. Most importantly, these Tscekhibited higheim vitro andin vivo tumor

lysis activity, proliferation and persistence thiatrovirally transduced CAR T cells, while their
Graft versus host disease potential was removeddiycing or preventing expression of a
functional T cell receptor complex at the surfatéhe cell. The process described herein, which
combines the scalability of universal T cell mamtfizing with the uniformity and safety of
targeted CAR gene integration, is useful for theettigoment of off-the-shelf CAR therapy that

can be scaled up and readily provided to pati@stsieeded.

8.2 Example 2: Targetinga CAR tothe TRAC Locuswith CRISPR/Cas9 Enhances

Tumor Rejection.

[00693] This example shows expression by a T cell of a @ABbded by a transgene was
carried out, wherein the expression of the transgesss under the control of an endogenous T
cell promoter, specifically the human T cell rece@t chain TRAC) promoter . Described

below are experiments showing that directing a GBd&cific CAR to the human T cell receptor
a chain TRAC) locus not only result in uniform CAR expressiarhuman peripheral blood T
cells, but also enhances T cell potency, with editls vastly outperforming conventionally
generated CAR T cells in a mouse model of acutg@hgablastic leukaemia. It is further
demonstrated that targeting the CAR to TRAC locus averts tonic CAR signalling and
establishes effective internalization and re-exgoesof the CAR following single or repeated

exposure to antigen, delaying effector T cell défgiation and exhaustion. These findings
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uncover facets of CAR immunobiology and understieevast potential of CRISPR/Cas9

genome editing to advance immunotherapies.

[00694] Methods. Guide-RNA: A guide RNA (gRNA) gRNA was desigrnedarget the

first exon of the constant chain of the T€Bene TRAC). The sequence targeted is located
upstream of the transmembrane domain of the TCRaalfhis domain is required for the TCR
alpha and beta assembly and addressing to thewédiee. Both non-homologous end joining
(NHEJ) and integration of the CAR by HDR at thisus would then efficiently disrupt the TCR

complex.

[00695] For theB2M, both a gRNA and a TALEN (Transcription activaliée effector
nucleases) targeting the first exon of B2M geneavalsrsigned, and a higher cutting efficiency
was obtained with the TALEN. The same protocol wsed, similar cytotoxicity and specificity
was obtained for both methods, and the CAR T aditained were not discernable in term of
activity and proliferation. For manufacturing reas theB2M TALEN was mainly used in this

study.
[00696] TRAC-gRNA sequence:

[00697] C*A*G*GGUUCUG GAUAUCUGUG UUUUAGAGCU AGAAAUAGCA
AGUUAAAAUA AGGCUAGUCC GUUAUCAACU UGAAAAAGUG GCACCGAGUC
GGUGCU*U*U*U (SEQ ID NO:26)

[00698] B2M-gRNA sequence:

[00699] G*G*C*CACGGAG CGAGACAUCU UUUUAGAGCU AGAAAUAGCA
AGUUAAAAUA AGGCUAGUCC GUUAUCAACU UGAAAAAGUG GCACCGAGUC
GGUGCU*U*U*U (SEQ ID NO:27)

[00700] *2'-O-methyl 3' phosphorothioate
[00701] B2M-TALEN targeting sequence:
[00702] TTAGCTGTGCTCGCGC (TACTCTCTCTTTCTG) GCCTGGAGGCTATCCA

(SEQ ID NO:28). Left TAL effector (spacer) RighAL effector.
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[00703] Messenger RNA: Modified guide RNAs (gRNAs) and €atRNA were
synthesized by TriLink Biotechnologies (San DieGd,) . Guide RNAs were reconstituted at 1

Mg/uL in cytoporation T Buffer (Harvard Apparatus; Hstbn, MA).

[00704] AAV: Based on a pAAV-GFP backbone (Cell Biolaban®iego, CA), the pAAV-
TRAC-1928z was designed and cloned containing 1.9kgendbmicTRAC (amplified by PCR)
flanking the gRNA targeting sequences, a self-¢teai?2A peptide in frame with the first exon
of TRAC followed by the 1928z CAR used in clinical trigBrentjens et al.$ci. Trans. Med.
5:177ral38 (2013)). Briefly, the CAR comprisesragke chain variable fragment 19scFV
specific for the human CD19 preceded by a CD8aelepdptide and followed by CD28 hinge-
transmembrane-intracellular regions and CBBracellular domain. The CAR cDNA is
followed by the bovine growth hormone polyA sig{laGHpA). When targeting thB2M locus,

a similar strategy was followed, except that no R24uence was required since the 1928z-pA
sequence was placed in frame at the ATG oB2M gene. When using exogenous promoters
(EF1a, LTR, PGK, or PGK100), the promoter-1928z-pA césseas placed in reverse

orientation at the samERAC or B2M entry points.

[00705] Cells: Buffy coats from healthy volunteer donorsrevobtained from the New York
Blood Center. Peripheral blood mononuclear ceisawsolated by density gradient
centrifugation, and T lymphocytes were then pudifissing the Pan T cell isolation kit (Miltenyi
Biotech; San Diego, CA). Cells were activated vilynabeads (1:1 beads:cell) Human T-
Activator CD3/CD28 (ThermoFisher; Carlsbad, CAX#vivo 15 medium (Lonza; Basel,
Switzerland) supplemented with 5% human serum (@eBioproducts; West Sacramento, CA)
with 200 U/ml IL-2 (Miltenyi Biotech) at a densitf 1C° cells/ml. The medium was changed
every 2 days, and cells were replated &tcElis/ml.

[00706] Gene Targeting: 48 hours after initiating T celiinzation, the CD3/CD28 beads were

magnetically removed, and the T cells were transteby electrotransfer of Cas9 mRNA and
gRNA using an AgilePulse MAX system (Harvard Appas). 3x16 cells were mixed with 5
ug of Cas9 and hg of gRNA into a 0.2 cm cuvette. Following elegiooation, cells were
diluted into culture medium and incubated at 37%/5C,. Recombinant AAV6 donor vector
(manufactured by SignaGen; Gaithersburg, MD) wakeddo the culture 2 to 4 hours after
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electroporation, at the indicated MOI (116 1x1@ range). Subsequently, edited cells were
cultured using standard conditions (37°C and exgdmal T cell growth medium, replenished as

needed to maintain a density of ~1&&@lls/ml every 2 to 3 days).

[00707] To obtain TCR-negative T cells, TCR-positive T sellere removed from the culture
using magnetic biotin-anti-TGHB and anti-biotin microbeads and LS columns (Milieny

Biotech). For details of targeting constructs atrdtegies, see Figures 7 and 14.

[00708] Retroviral vector constructs, retroviral productenmd transduction: Plasmids
encoding the SF@-retroviral (RV) vector (Riviére et alProc. Natl. Acad. Sci. USA 92:6733—
6737 (1995)) were prepared as previously desciiBezhtjens et allNat. Med. 9, 279-286,
(2003); Maher et alNat. Biotechnol. 20:70-75 (2002)). VSV-G pseudotyped retroviral
supernatants derived from transduced gpg29 fibstbI@i29) were used to construct stable
retroviral-producing cell lines as previously déised (Gong et al., Cancer patient T cells
genetically targeted to prostate-specific membearigen specifically lyse prostate cancer cells
and release cytokines in response to prostatefgpe@mbrane antigeMeoplasia 1:123-127

(1999)). T cells were transduced by centrifugabarRetronectin (Takara)-coated plates.

[00709] Celllines: NALM-6 and NIH/3T3 were obtained froNTCC and were regularly
tested for mycoplasma contamination using the MyedAycoplasma Detection Kit (Lonza).
NALM-6 cells were transduced to express fireflyiferase-GFP and NIH/3T3 cells transduced
to express human CD19 (Brentjens ethddt. Med. 9, 279-286, (2003); Zhao et alancer Cell
28:415-428 (2015)).

[00710] Cytotoxicity assays: The cytotoxicity of T celtatisduced with a CAR was
determined by standard luciferase-based assalyridi) NALM-6 expressing firefly luciferase-

GFP served as target cells. The effector (E) antr target (T) cells were co-cultured in
triplicates at the indicated E/T ratio using blaskied 96 well plates with 1x2Qarget cells in a
total volume of 10Qul/well in NALM-6 Medium. Target cells alone weréafed at the same cell
density to determine the maximal luciferase expoasgelative light units; RLUmax). 18 hr
later, 100ul luciferase substrate (Bright-Glo, Promega; Madj3&/1) was directly added to each

well. Emitted light was detected in a luminesceplege reader or Xenogen IVIS Imaging
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System (Xenogen; Alameda, CA), and quantified ukingng Image software (Xenogen). Lysis
was determined as [1 — (RLUsample)/(RLUmax)] x 100.

[00711] Antigen stimulation and proliferation assays: N3H3 expressing human CD19 were
used as artificial antigen-presenting cells (Bramgjet al.Nat. Med. 9, 279-286, (2003)). For
weekly stimulations, 3x105 Irradiated CD19+ AAPCarevplated in 24 well plates 12 hours
before the addition of 5x2@AR T cells in X-vivo 15 + human serum + 50U ILr8.. Every 2

days, cells were counted and media was added ¢h eeaoncentration of 1x4@ cells/mL. For

repeated proximal stimulations (Figure 6D), cellsavtransferred to a new well plated with
3T3-CD19 after 24h (2 stimulations) or every 12Istifulations). For each condition, T cells
were counted and analysed by FACS for CAR, phenogmd exhaustion markers expression
every 12h.

[00712] Antibodies and intracellular staining: CAR was lddx with a goat anti-mouse Fab
(Jackson ImmunoResearch, 115-606-003; West Grave, Por T cell phenotyping, the
following antibodies were used: mouse anti-humarvEB95CD4 (563552), APC-cy7-CD8
(557834), BV-421-CD62L (563862), BV-510-CD279 (PB63076) from BD biosciences (San
Jose, CA); mouse anti-human APC-CD25 (17-0259-BA)C-CD45RA (11-0458-42), PerCP-
eFluor710 CD223 (LAG-3, 46-2239-42) form eBioscien¢Carslbad, CA), and FITC mouse
anti-human CD366 (TIM-3, 345032) from Biolegendr{$2iego, CA). For intracellular
staining, T cells were fixed and permeabilized g€® Cytofix/Cytoperm Plus kit (BD

Biosciences) as per the recommendation of the naatwrer. Anti-CD8-FITC (clone HIT8a,
ebiosciencce) and anti-CD4-BUV-395 (clone SK3, B@ribon; BD Biosciences) were used for
extracellular staining. Anti TNF-Alexa Fluor 70€lgne MAb11, BD pharmingen; BD
Biosciences), anti-IL2-BV421 (clone 5344.111, BDridon) and anti-IFNg-BV510 (clone B27,

BD Horizon) were used for intracellular staining.

[00713] Mouse Systemic Tumour Model: 8- to 12-week-old NSOID/IL-2Ry-null (NSG)
male mice (Jackson Laboratory) were used, undeotagol approved by the MSKCC

Institutional Animal Care and Use Committee. Migere inoculated with 0.5x2GFLuc-GFP
NALM-6 cells by tail vein injection, followed by 2P, 1x1C or 5x1@, CAR T cells injected

four days later. NALM-6 produce very even tumourdens and no mice were excluded prior to
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treatment. No randomization or blinding methodsenesed. Bioluminescence imaging utilized
the Xenogen IVIS Imaging System (Xenogen) with hiyimage software (Xenogen) for
acquisition of imaging datasets. Tumour burden aszessed as previously described (Gade et
al., Cancer Res. 65:9080-9088 (2005)).

[00714] RNA extraction and real-time quantitative PCR: al®&NA was extracted from T
cells by using the RNeasy kit (QIAGEN; Hilden, Gamyg) combined with QlAshredder

(QIAGEN), following the manufacturer's instructionRNA concentration and quality were

assessed by UV spectroscopy using the NanoDroprephaotometer (Thermo Fisher Scientific;
Carslbad, CA). One hundred to 200 ng total RNAenesed to prepare cDNA using the
SuperScript Il First-Strand Synthesis SuperMix/{irogen; Carlsbad, CA), with a 1:1 volume
ratio of random hexamers and oligo dT. CompleNA synthesis reactions were treated with
2U RNase H for 20 min at 37 °C. Quantitative PCéswerformed using the ABsolute Blue
gPCR SYBR Green Low ROX Mix (Thermo Fisher Sciaa}jfand the following primer sets:
Ribosomal 18S: forward 5’-aacccgttgaaccccatt (SEQO:29), reverse 5'-ccatccaatcggtagtagcg
(SEQ ID NO:30); 1928z: forward 5'-cgtgcagtctaaamgac(SEQ ID NO:31), reverse 5'-
ataggggacttggacaaagg (SEQ ID NO:32); T-bet: fongardgaaacccagttcattgccgt (SEQ 1D
NO:33), reverse 5'- ccccaaggaattgacagttg (SEQ IBBRIOEOMES: forward 5'-
actggttcccactggatgag (SEQ ID NO:35), reverse @egecatcctctgtaact (SEQ ID NO:36);
GATAS3: forward 5' — cacaaccacactctggagga (SEQ IDIN] reverse 5'- ggtttctggtctggatgcect
(SEQ ID NO:38). PCR assays were run on the Quaditst' 7 Flex System (Thermo Fisher
Scientific), and Ct values were obtained with thea@Studio Real-Time PCR software.
Relative changes in gene expression were analygedhe 24 method. RNA expression

levels were normalized to the percentage of CARcells for each group of T cells analysed.

[00715] Statistics: All experimental data are presentesh@an £+ s.e.m. No statistical
methods were used to predetermine sample sizeup&mere compared using the Welch'’s two-
sample t-test for parametric data (sample size)>odthe Mann-Whitney Test for non-
parametric data (sample size < 10). Welch’s ctioeavas used, as the variances were not
equal. For the comparison of CAR MFI and RNA lemebn CAR stimulation, ANOVA F-tests
were used. Statistical analysis was performed @pidad Prism 7 software (GraphPad
Software; La Jolla, CA).
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[00716] To disrupt theTRAC locus and place the 1928z CAR (Brentjens etall.,Trandl.

Med. 5, 177ral138 (2013)) under its transcriptional cmnfTRAC-CAR), a guide RNA was
designed targeting the 5’ end WRAC's first exon and an adeno-associated virus (AA®)tar
repair matrix encoding a self-cleaving P2A pepfallowed by the CAR cDNA (Figure 3A and
Figure 7A). T cell electroporation of Cas9 mRNAlagRNA yielded a high knock-out (KO)
frequency (~70%, Figure 3B and Figure 7D) withamited cell death. The knock-in (KI) was
proportional to AAV dosage, exceeding 40% at a iplidity of infection (MOI) of 106 (Figure
3B and Figures 7C and 7E). This efficient targgtmeported here for the first time at the TRAC
locus, is comparable to levels reached in T célthe@AAVS1, CCR5 or CD40L loci (Sather et
al.,.ci. Trandl. Med. 7:307ral56 (2015); Wang et allucleic Acids Res. 44:e30 (2016);

Hubbard et al.Blood 127:2513-2522 (2016)). Approximately 95% of CA&etls were T-cell
receptor (TCR)—negative (Figure 7G), validating 2h@-1 TCR-knockout and CAR-knock-in
strategy. The observed 5% of CAR+/TCR+ cells isstgient with the typical frequency of dual-
TCRa-expressing T cells (Corthay et al. Autoimmun. 16:423-429 (2001)). The targeting
specificity was confirmed by mapping AAV vectoregtation over the whole genome (de Vree
et al.,Nat. Biotechnol. 32:1019-1025 (2014)), which confirmed the high sty for TRAC
integration and absence of off-target hotspotsuii@@). These results demonstrate the high
efficiency and precision of gene targeting offebgdCRISPR/Cas9 and our ability to
reproducibly generate up to 50%1df TRAC-CAR T cells. Homogenous and consistent
expression of TRAC-CAR was found in multiple donanscontrast to retrovirally encoded CAR
(RV-CAR), which showed variegated expression wittvafold higher mean expression
(Figures 3C and 3D).

[00717] Invitro functional studies did not reveal any notableeaighces between TRAC-
encoded and randomly integrated 1928z, in ternestioér cytotoxicity or T cell proliferation in
response to weekly stimulation with CD19+ antigeaspnting cells (Brentjens et dilat. Med.
9:279-286 (2003)) (Figures 9A and 9C) . These erpts included a control group where
TCR-disrupted T cells expressing retrovirally trdinsed CAR (RV-CAR-TCR-) responded
similarly to RV-CAR TCR+ T cells (Figure 9A)ln vivo, however, in the pre-B acute
lymphoblastic leukaemia NALM-6 mouse model using t8AR stress test”, in which CAR T-
cell dosage is gradually lowered to reveal the fional limits of different T-cell populations
(Brentjens et alNat. Med. 9:279-286 (2003); Zhao et aCancer Cell 28:415-428 (2015)),
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TRAC-CAR, RV-CAR and RV-CAR-TCR- T cells differedamkedly in their anti-tumour
activity. TRAC-CAR T cells induced far greater respes and markedly prolonged median
survival at every T-cell dose (Figure 3E and Figl®d). TCR disruption had no discernable
effect on the potency of RV-CAR T cells. Bone moaristudies in mice injected with 1>80
CAR T cells showed similar T-cell accumulationta¢ tumour site after 10 days (Figure 3F).
However, only the TRAC-CAR T cells achieved tumoantrol (Figures 3G and 3H). By day
17, TRAC-CAR T cells exceeded RV-CAR T cells in rhen as the latter diminished relative to
day 10, despite the continued presence of CD19suumells (Figure 3F-3G and Figure 10B).
Furthermore, the CAR T-cell groups differed in thaegree of T-cell differentiation and
exhaustion, as reflected in the proportion of teaheffector cells (CD45RA+CD62L-) and
accumulation of co-expressed PD1, LAG3 and TIM&a{Rburn et al.Nat. Immunol. 10:29-37
(2009)), respectively. Thus, conventional CAR Tiscehowed up to 50% positive expression of
the markers of exhaustion by day 17, in contragtge than 2% of the TRAC-CAR T cells,
which also retained a larger effector memory contjpws(Figures 31-3J and Figures 10C-10D).
Terminal differentiation and acquisition of thishexistion phenotype is consistent with
diminished anti-tumour activity (Gattinoni et allat. Med. 17:1290-1297 (2011)). Intriguingly,
CAR expression in bone marrow T cells was simigpre-infusion levels for TRAC-CAR T
cells but diminished in both RV-CAR groups (Figi@E). Importantly, cell-surface expression
of the mutant LNGFR reporter (Gallardo et &ene Ther. 4:1115-1119 (1997)) (co-expressed
via a self-cleaving 2A element) was undiminisheding out vector silencing as the explanation
for diminished CAR expression (Figures 10G-10Hhe TAR expression level measured in
RV-CAR T cells negatively correlated with tumourden (Figure 10l), suggesting that cell-
surface CAR was down-regulated in proportion todumantigen. Thes@ vivo findings thus

not only demonstrated the superior anti-tumounégtof TRAC-CAR T cells, but also forged a
link between tumour control, T cell differentiatiand exhaustion, and CAR expression levels.
These same patterns were observed with another C388z, which utilizes the 4-1BB

cytoplasmic domain as its costimulatory moiety (fFeg11).

[00718] To further analyse the impact of CAR expressiomlewn T-cell function, we first
examined T-cell phenotype when cultured in the ats®r presence of antigen (Figure 4). Five
days after transduction, RV-CAR T cells alreadyved evidence of activation, exhaustion and

differentiation (Figure 4A and Figure 12A), similarresults obtained with a previously
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described retrovirally delivered CAR22. By contf@RAC-CAR T cells maintained a
phenotype analogous to untransduced T cells (Fig@yemainly composed of naive and central
memory cells (CD62L+ cells), a phenotype associatiial greateiin vivo anti-tumour activity
(Gattinoni et al.Nat. Med. 17:1290-1297 (2011); Sommermeyer etladykemia 30:492-500
(2016)). Consistent with constitutive activatingralling, we found that RV-CARs, but not
TRAC-CARs, had phosphorylated immune-based tyrosatigation motifs (Long et allNat.

Med. 21:581-590 (2015)) (Figures 4B and 4C). Furth#edinces were noted upon exposure to
antigen. In contrast to TRAC-CAR T cells, RV-CAR:@lls stimulated 1, 2 or 4 times in a 48h
period differentiate into effector T cells, idergd on the basis of phenotype (loss of CD62L),
cytokine secretion (increased IffNL2 and TNFx) and expression of master transcription
factors (increased T-bet, EOMES and GATA3) (FigytBs4E and Figures 12B-12D). These
results indicated that the improved efficacy of TREAR T cells is related to its CAR
expression level by reducing tonic signalling aethgling T cell differentiation upon

stimulation.

[00719] To control CAR expression, it was first attempted/ary the retroviral vector copy
number. Lowered gene transfer efficiency only nstigeaffected the CAR expression level
(Figure 13). Interestingly, even when mean RV-C&®ression matched that of TRAC-CAR,
the former still displayed accelerated differembiatupon multiple stimulations, suggesting that
dynamic regulation of CAR expression, and not pasgeline expression, promotes distinct
functional characteristics.

[00720] To further define the importance of CAR expressenels, T cells that expressed
CAR from different genomic loci and promoters wgemerated. To examine the specific
contribution of the TRAC locus and its promotefydher seven constructs were designed
targeting the 1928z CAR to the TRAC or the 32-ngtwbulin (B2M) locus (MHC-I related

gene known to be expressed in all T cells), usitigegeendogenous or exogenous promoters
(Figures 5A-5B and Figures 14A-14E). EngineeredRCIAcells were successfully engineered at
both loci, achieving homogenous CAR expression widan levels ranging from seven times
lower (B2M-PGK100) to more than double (TRAC-Effbf TRAC-CAR endogenous promoter
(Figures 5C-5E and Figure 14).
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[00721] All of the combinations that conferred higher CARression than TRAC-CAR
displayed the tonic signalling signature, in stemktrast to those providing lower expression,
consistent with a previous study linking expresdewel to antigen-independent signalling
(Frigault et al. Cancer Immunol Res. 3:356-367 (2015)) (Figure 5E and Figure 14F). eehof
these were selected for in depth analysis: highresging TRAC-EF& and low-expressing
B2M-CAR and TRAC-LTR (RV enhancer-promoter), compgitheirin vitro andin vivo

potency against TRAC-CARIn vitro, following repeated antigenic stimulations, TRAE1&
CAR T cells rapidly acquired effector profiles whiB2M and TRAC-CAR T cells retained a
central memory phenotype (Figure 5F and Figure 19Aderestingly, although TRAC-LTR
directed lower baseline CAR expression than RV-GhR averted the tonic signalling, the LTR
still promoted from within the TRAC locus the sadifferentiation pattern as RV-CAR. In the
NALM-6 stress test model, none of the 3 locus-prnoombination displayed the same anti-
tumour efficacy as TRAC-CAR (Figures 5G-5H). 10 dddays after infusion of IX1CAR T
cells, the number of CAR T cells accumulated indorarrow was similar or higher than for
TRAC-CAR T cells; however, only TRAC-CAR T cellsudd efficiently control tumour
progression (Figures 15C-15E). Although B2M-CAR€llsseemed to preserve an
effector/effector-memory ratio similar to TRAC-CARcells, they too acquired a preponderant
exhaustion signature (Figures 15F-15G), suggestiatgdelayed differentiation may be
independent from exhaustion. Together these regsntterscored the effect of CAR targeting and
further suggested regulation of CAR expressionrediteg beyond baseline transcriptional

control.

[00722] CAR expression was closely analyzed upon encowitkrantigen. To this end, CAR
T cells were admixed with CD19+ antigen-presentelis and cell-surface CAR expression was
examined at regular time intervals (Figure 6A). C&fpression decreased within hours of
exposure to CD19 in both targeted and randomlygnated CAR T cells, accompanied by a
deeper drop and longer recovery lag when the ingieel was lower. The subsequent return to

baseline expression most notably distinguishedliffierent T-cell populations.

[00723] To better study the mechanism behind the droparCAR cell-surface expression,
we designed a CAR-GFP fusion protein to analyshk bell-surface and intra-cellular CAR

expression, and compatre it to cells expressing R @Ah a co-translated but cleaved LNGFR
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reporter (Figures 6B-6C). We observed that CAR esgion was downregulated independently
of LNGFR, suggesting a physical internalizatiorheatthan a transcriptional process. The co-
reduction of CAR and GFP signal following antigereunter indicated that CAR
internalization was followed by its degradationeTdtcurrence of CAR degradation following
exposure to antigen suggested that de novo CARegistfrom CAR mRNA would be needed
to precisely and timely restore CAR expression suygport effective T-cell function. Careful
analysis of CAR cell-surface expression followiegeated antigen stimulation (Figure 6D and
Figure 16A) identified two main patterns in theaeery phase (12-48h hours after antigen
exposure). In TRAC-ER4, TRAC-LTR and RV-CAR T cells, CAR cell-surface egpsion
increased after each stimulation, two- to fourfalsbve baseline within 24h. In both TRAC- and
B2M-CAR T cells, CAR expression decreased uponatgekestimulations and remained below
baseline after 48 hours (Figure 6D). Steady-st&&fanalysis showed a linear correlation
between cell-surface protein level (Figure 6E aigife 16B) and the transcriptional response to
CAR T cell activation (Figure 6F), pointing to teesential role of promoter strength and

regulation to enable optimal post-stimulation regbment of cell-surface CAR expression.

[00724] This CAR protein/RNA downregulation and subsequergxpression is reminiscent
of TCR regulation upon stimulation of human T c€Bshrum et al.mmunol Rev. 196:7-24,
(2003)) and antigen-induced TCR recirculation irus®T cells (Liu et allmmunity 13, 665-

675, (2000); Call et alAnnu. Rev. Immunol. 23, 101-125, (2005); Allison et aElife. 5,

(2016)). Similarly, accelerated differentiatiordagxhaustion have been reported in the context
of excessive and continuous activation of the TG&h(etinger et alTrends Immunal. 35, 51-

60, (2014); Wherry et alNat. Rev. Immunol. 15, 486-499, (2015)). Altogether, these converging
findings support the conclusion that TRAC has a mlcontrol of CAR expression in two

critical ways. One is to promote optimal baselirpression, which prevented tonic signalling in
the absence of antigen and allowed effective CABrivalization upon single or multiple

contacts with antigen. The other is to direct aabeéd transcriptional response resulting in a
kinetically optimal recovery of baseline CAR exmies after antigen engagement. In contrast to
T cells with higher CAR expression, the TRAC-CARfie correlated with decreased T-cell
differentiation and exhaustion, resulting in supetumour eradication. Our studies, which
compared randomly integrating CARs versus CARstaxjto two loci in 8 different
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transcriptional configurations, illustrate the eisifie sensitivity of CAR regulation. Thus,
although the endogenous B2M promoter respondedissiynio TRAC upon CAR stimulation,
B2M-CAR did not perform as well as TRAC-CAR in vivadicating that the lower basal
expression level it offered is insufficient for eftive CAR activity. TRAC-LTR likewise
provided baseline expression comparable to TRACitbyprompt rebound after activation was
associated with poor T-cell performance and acatddrdifferentiation. We therefore conclude

that both the basal and dynamic CAR expressiorideamntribute to sustaining T-cell function.

[00725] In summary, the results demonstrate that targeti@d\R coding sequence to the
TCR locus, placing it under the control of endogenegulatory elements, reduces tonic
signalling, averts accelerated T-cell differenbatand exhaustion, and increases the therapeutic
potency of engineered T cells. The kinetic measergmof antigen-induced CAR internalization
and degradation revealed differential recoveryatfsurface CAR depending on the
enhancer/promoter elements driving CAR expresdibese findings demonstrate that tight
transcriptional regulation of CAR expression idical for effective tumour eradication. The
targeting of CARs to a TCR locus may thus providafer therapeutic T cell (by minimizing the
risks of insertional oncogenesis and TCR-induceddiaumunity and alloreactivity), a better
defined T-cell product (by yielding constant CARpeassion and avoiding position-effect
variegation and vector copy number variation) amaoae potent T cell (by reducing constitutive
signalling and delaying T-cell exhaustion). Finatlye results demonstrate the relevance of
studying CAR immunobiology and the vast potentfajenome editing to advance T-cell

therapies.

8.3 Example 3. Expression of Therapeutic Transgenes Under Control of Endogenous

Promoters.

[00726] In one example, a therapeutic chimeric antigenptecdCAR) is integrated at the
TRAC locus (under the control of endogenous promotbdeoer elements); an NFAT-
responsive transcription unit is integrated atTheell receptor beta chain constant (TRBC)
locus, from which two therapeutic PD1L-specific &0@LA4 scFvs are expressed. With this

setup, engineered T cells are activated througiC#ie, which leads to NFAT activation

173



followed by the expression of the therapeutic scFAfernatively, these transgenes can be
integrated at the NFAT-responsive CD69 locus. padicular embodiment, a chimeric cell
surface ligand- transcription factor is CD19-NFAAccordingly, in one embodiment, the CAR
is encoded by a first transgene, and the PD1L acdévthe CTLA4 scFV are encoded by a
second transgene that is bicistronic, wherein ¥peession of the second transgene is under the
control of the endogenous TRBC promoter that isioed by NFAT. In an alternative
embodiment, the PD1L and CTLA4 scFvs are expresatseparate transgenes (i.e., second
and third transgenes). In a specific embodiméetRD1L and CTLA4 scFvs are expressed
from a single, polycistronic transgene. Such sstroict can optionally include a cleavable
sequence, such as a P2A sequence, to providegoesston of the PD1L and CTLA4 scFvs as

separate molecules.

[00727] In another example, a chimeric cell-surface ligéadracellular)-transcription factor
(TF; intracellular) fusion gene is integrated a TRAC locus (under the control of endogenous
promoter/enhancer elements) that specifically ades with the CD19 molecule in B cells; a TF-
responsive transcription unit integrated at the TR8cus, from which a therapeutic chimeric
immune receptor ligand (CIRL) is expressed. Tlaisigh allows engineered T cells to respond
to the interaction with B cells by releasing the Which then activates the expression of the
CIRL, which interacts with a specific autoimmune@&} immunoglobulin receptor (IgR). The
latter interaction signals/activates a cytotoxicéllresponse leading to autoimmune B-cell
death. In one embodiment, a chimeric cell-surfeyaand (extracellular)-transcription factor (TF;
intracellular) fusion gene is encoded by a firahtlgene. In one embodiment, the CIRL is
encoded by a second transgene.

[00728] In another example, a DNA sequence encoding a igBR&isic ribozyme is integrated
at CD4 locus; an interferon-responsive transcniptiait integrated at the CCR5 locus that
expresses an intracellular scFv that interacts With Rev protein. This therapeutic T cell will
inhibit HIV replication threefold: by cleaving thélV genome through the ribozyme, preventing
HIV infection by eliminating CCR5 expression, andhibiting HIV packaging by blocking HIV
Rev activity. In one embodiment, an HIV-specifitzaozyme is encoded by a first transgene. In
one embodiment, an intracellular scFv is encoded $gcond transgene, for example, a scFv
that interacts with HIV rev protein.
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8.4 Example 4. Generation of Non-integrating Gamma-retrovirus

[00729] Recombinant non-integrating (or integration-defit) gamma-retrovirus (rNIgRV

or IDgRV) is a retroviral vector that contains atant integrase protein, which cannot catalyze
viral DNA integration into the host cell genomeo hake this mutant retroviral vector, a
plasmid DNA encoding a mutant integrase proteirih\mutations as indicated previously) is
used in combination with the envelope-encodingtaedetroviral genome-encoding plasmid
DNAs. These three plasmids are transfected irddymer mammalian cells, and the
recombinant mutant viral vector is released in®rtredium, which is later collected and used to

transduce human peripheral blood T cells.

[00730] As shown in Figure 18, mutant integrases were géeehy mutating amino acids in
the DDE motif (see Andrake and Skalka (2015). Retab Integrase: Then and Now. Ann. Rev.
Virol. 2:241-264. The DDE amino acids positions:dp124, D183, E 219 (residue numbering
based on GenBank accession number NP_955592 (NB9235. The mutants generated were
D124A, D124E, D124N, D124V, D183A, D183N, D124A dnti83A, D124A and D183N,
D124E and D183A, D124E and D183N, D124N and D183224N and D183N, D124V and
D183A, and D124V and D183N. Mutants were generasaag standard molecular biology
techniques. A plasmid containing the Moloney Marireukemia Virus (MLV) Gag-Pol
sequences was modified using standard moleculanigees. Mutants were generated by
replacing the DNA sequence region containing theeiptif with a new DNA sequence where
the specific codon(s) is mutated to generate thk specific mutant. The resulting plasmids

were used to produce NIgRVs.

[00731] Taking advantage of its transient nature insidetdhget cells, rNIgRVs can be used
for different applications. For example, to trangig express genes that maintain a certain cell
phenotype -like memory T cells; to transiently eegses chimeric nucleases or CRISPR/Cas
components to disrupt specific DNA sequences; liveleexogenous DNA flanked with DNA
sequences homologous to specific genomic locattbns,enabling integration of the flanked
DNA sequence into the T cell genome via homologeagsmbination; to deliver and integrate
the transgenic retroviral DNA at specific DNA break an integrase-independent NHEJ-

dependent manner.
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9. REFERENCESCITED

[00732] All references cited herein are incorporated helbpgineference in their entirety and
for all purposes to the same extent as if eaclvididal publication or patent or patent
application was specifically and individually indied to be incorporated by reference in its

entirety for all purposes.

[00733] Many modifications and variations of this inventicemn be made without departing
from its spirit and scope, as will be apparentiust skilled in the art. The specific
embodiments described herein are offered by waxample only, and the invention is to be
limited only by the terms of the appended claini@ng with the full scope of equivalents to

which such claims are entitled.
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CLAIMS

1. AT cell wherein a recombinant nucleic acid sequence encoding a chimeric antigen
receptor (CAR) is integrated at a first site within the genome of the cell such that the CAR is
expressed by the cell at the surface of the cell, wherein integration of the nucleic acid sequence
encoding the CAR at said first site prevents expression of a functional T cell receptor (TCR)
complex at the surface of the cell, and wherein expression of the integrated nucleic acid

sequence in the T cell is under the control of an endogenous promoter of a TCR complex gene.

2. The T cell of claim 1, wherein the nucleic acid sequence encoding the CAR is

integrated at a single site within the genome.

3. The T cell of claim 1, wherein the nucleic acid sequence encoding the CAR is

integrated at two sites within the genome of the cell.

4. The T cell of claim 3, wherein the first site is in an exon of the gene encoding a

protein of the TCR complex.

5. The T cell of any one of claims 1-4, wherein integration of the nucleic acid sequence
encoding the CAR at the first site prevents expression of a protein selected from the group
consisting of T cell receptor alpha chain, T cell receptor beta chain, CD3 gamma chain, CD3

delta chain, CD3 epsilon chain, and CD3 zeta chain.

6. The T cell of claim 1, wherein the endogenous promoter is a promoter of a gene
encoding a T cell receptor alpha chain, T cell receptor beta chain, CD3 gamma chain, CD3
delta chain, CD3 epsilon chain, or CD3 zeta chain.

7. The T cell of any one of claims 1-6, wherein the CAR binds to a cancer antigen.
8. The T cell of claim any one of claims 1-7 which is derived from a human.

9. The T cell of any one of claims 1-8, wherein the nucleic acid sequence encoding the
CAR is integrated into the first site by targeted homologous recombination.

10. The T cell of claim 9, wherein the nucleic acid sequence encoding the CAR is
integrated at a plurality of sites within the genome of the cell, and such that expression of the
nucleic acid sequence encoding the CAR at said plurality of sites is under the control of a
different endogenous promoter.
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11. The T cell of any one of claims 1-10, wherein said nucleic acid sequence encoding
a CAR is also integrated at a second site within the genome of the cell such that the CAR is

expressed by the cell at the surface of the cell.

12. The T cell of claim 11, wherein integration of the nucleic acid sequence encoding
the CAR at said second site also prevents expression of a functional TCR complex at the surface

of the cell, wherein said first site and said second site are in different genes.

13. The T cell of any one of claims 1-12, wherein a second nucleic acid sequence
encoding a second CAR is integrated at a second site within the genome of the cell such that
the second CAR is expressed by the cell at the surface of the cell, and such that expression of
the second nucleic acid sequence is under the control of an endogenous promoter at said second

site, wherein said first site and said second site are in different genes.

14. A human T cell wherein a promoter-less recombinant nucleic acid sequence
encoding a CAR is integrated at a site in the genome of the cell, said site being the first exon
of the T cell receptor (TCR) alpha chain gene, such that the CAR is expressed under control of
the endogenous TCR alpha chain gene promoter, to produce said CAR at the surface of the
cell, and wherein integration of the nucleic acid sequence encoding the CAR at said site

prevents expression of a functional TCR alpha chain.
15. The human T cell of claim 14, wherein the CAR binds to CD19.

16. Anisolated population of T cells, which comprises a plurality of the cell of any one
of claims 1-15.

17. A pharmaceutical composition comprising a therapeutically effective amount of

the cell of any one of claims 1-15; and a pharmaceutically acceptable carrier.

18. A pharmaceutical composition comprising a therapeutically effective amount of a
population of T cells, which population comprises a plurality of the cell of any one of claims

1-15; and a pharmaceutically acceptable carrier.

19. Use of an effective amount of the cell of any one of claims 1-15 in the manufacture
of a medicament for treating a subject having cancer, wherein the CAR binds to a cancer
antigen of the cancer, wherein the medicament is to be administered to the subject.
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20. Use of the pharmaceutical composition of claim 17 in the manufacture of a
medicament for treating a subject having cancer, wherein the CAR binds to a cancer antigen of

the cancer, wherein the medicament is to be administered to the subject.

21. Use of a therapeutically effective amount of the cell population of claim 16 in the
manufacture of a medicament for treating a subject having cancer, wherein the CAR binds to

a cancer antigen of the cancer, wherein the medicament is to be administered to the subject.

22. Use of the pharmaceutical composition of claim 18 in the manufacture of a
medicament for treating a subject having cancer, wherein the CAR binds to a cancer antigen of

the cancer, wherein the medicament is to be administered to the subject.

23. The use of any one of claims 19-22, wherein the subject is a human, and wherein

the cell is derived from a human.

24. Aninvitro method of generating a T cell that expresses a chimeric antigen receptor

(CAR) and lacks a functional T cell receptor (TCR) complex, comprising:
introducing into a T cell:
(i) anucleic acid sequence encoding a CAR, and

(if) ahomologous recombination system suitable for targeted integration of the nucleic
acid sequence at a site within the genome of the cell, such that the expression of the nucleic
acid sequence is under the control of an endogenous promoter of a TCR complex gene, whereby
the homologous recombination system integrates the nucleic acid sequence encoding the CAR
at said site within the genome of the cell such that integration of the CAR at said site prevents
expression of a functional T cell receptor complex at the surface of the cell, thereby generating

a T cell that expresses the CAR and lacks a functional TCR complex.

179



