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GENE MODIFIED IMMUNE EFFRECTOR CELLS AXND ENGINEERED CELLS FOR
EXPANSION OF IMMURNE EFFECTOR CELLS

3008 This application claims the benefit of Unied States Provisioval Patent
Application No. 62/0735,642, filed November 5, 2014; United States Provisional Patent
Apphication No. 62/075,561, filed November 5, 2014; Umted States Provisional Patent
Application No. 62/075,667, filed November 5, 2014; and United States Provisional Patent
Application No. 62/169,979, tiled June 2, 2013, the enfircty of cach 18 imncorporated herein by

reference.
INCORPORATION OF SEQUENCE LISTING

38821 The  secquence lsting  that 1 contamed 1w the file  named
“UTFCPIZSIWO ST254xt”, which 1s 48 KB {as mcasured in Microsoft Windows®) and

was created on November 5, 2015, s filed herewith by electronic submission and

1$ ncorporated by reference hereimn.
BACKGROUND

i. Field of the Invention

{J883] Desenibed herem are chimeric antigen receptors (CAR), CAR-expressing
immune ctfector cells and methods of making and using CARs and CAR T cells. Also
provided are wronune cffector cell composifions and antigen presenting celis having enhanced

therapeutic propertics.,

2 Description of Related Art

[3034] The potency of chinical-grade T cells can be mmproved by combining gene
therapy with tmmunotherapy to engineer a biologic product with the potential for superior (1)
recognition of tumor-associated antigens {TAAS), (11} persistence after infusion, (111} potential
tor magration o tumor sues, and (v) ability o recycle eftector tunctions within the tumor
microenvironment. Such genetic enginecering of T cells can be used to redirect the specificity
of the cells and to provide therapeutic compositions having antigen-targeted cyiotoxic
activity,  These engmeered T-cell composition have been shown to be eftective for
therapeutic mtervention n, tor example, 1 cancer patients {Jena ef g/, 2010; Tl ef ¢/, 2008;
Porter ef af., 2011; Breatiens ef @f., 2011 Cooper and Bollard, 2012; Kalos ef @, 2011;

Kochenderter ef af., 2010, Kochenderter ef @/, 2012; Brentjens ef ¢f., 2013). There rernamns



CA 029647785 2017-04-13

WO 2016/073755 PCT/US2015/059293

a need however, for improved T-cell and CAR constructs that allow for control of in vive

persisience,
SUMMARY OF THE INVENTION

HB005] In a first embodiment there 18 provided chimeric antigen receptor (CAR)
polypeptide comprising an antigen binding domain, a hinge domain, a transmembrane
domain and one or more mtracellular signahing domamds). In some aspects, the hinge doram
comprises a sequence that binds to an Fc receptor, such as a FevyRZa or FeyRlia. For
cxample, the hinge seguence may comprise an Fe domamn from a human immunoglobulin
(e.o., 1o, 1eG2, 103, Ig(4, IgAl, 1gAZ, 1gM, 1D or Igk)} that binds to an Fc receptor. In
certain aspects, the hinge domam {(and/or the CAR) does not comprise a wild type human

1g(G4 CHZ and CH3 sequence.

1 8006] In further aspects, a hinge domain of a CAR of the embodiments may
comprise a sequence that exinbits reduced or essentially no binding to a Fe receptor {(such as
FeyR2a and/or FeyRla Fo receptor).  In some aspects, the hinge domain comprises {1} a
human lgG4-F¢ sequence having at least ¥ consecutive aming acids identical to SEQ 1D
NO:1 (the mutant lgG4-Fe sequence), said sequence havimg reduced Fe-receptor binding

relative to full-length wild type IgG4-Fe; or (11} a human CDRa extracellular sequence.

H3007] In some aspects, the hinge domain may comprise a8 human fgG4-F¢ sequence
having at least 8 consecutive antinge acids wdentical to SEQ 1D NO:1 (the mutant IgG4-Fe
sequence), said sequence having reduced Fe-receptor binding relative to full-length wild type
igG4-Fe. In some aspects, the hinge domain may comprise 4 sequence at lcast about 85%,
86%, B7%, BE%, RU%, 90%, 91%, 92%, Q3% Q4% Q5% 96%, 97%, ORY or 99% identical
to SEQ 1D NO: 3 (the 1Z-aa spacer). In one aspect, the hinge domain may Comprise a
sequence 1dentical to SEQ 1D NO: 3 (the 12-aa spacer). In still further aspects, the hinge
domain may Comprise & sequence having no more than 1, 2, or 3 anuno acid delctions or

substitutions relative to SEQ 1D NQ: 3.

{3008] In cortain aspects, the hinge domain may comprise an IgG4-Fe sequence, said
sequence comprising at lcast one mutation relative to wild type IgG4-F¢ that reduces Fe-
receptor binding. In some aspects, the 1gG4-Fe sequence may be at least about 83%, 86%,
87%, 88%, 8%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% wdentical to SE{

D NO: 1. In some aspects, the IglGd-Fe sequence may comprise a L235E or N297()

P
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mutation relative to the wild type sequence. In certain aspects, the 1gG4-Fe sequence may
coraprise a L235E and N2970Q mutation relative to the wild type sequence. In one aspect, the
ip(G4-Fc sequence may be identical to SEQ 1D NO: 1 or may comprise no more than 1, 2, or
3 armno acid deletions or substitufions relative to SEQ 1D NO: 1. In another aspect, the

fe(34-Fc sequence 1 wdentical to SEQ 1D NO: 1.

13889] In some aspects, the hinge domain may comprise a {D&a cxtraceliudar
sequence. For example, the hinge domam may comprise a sequence at icast about 83%, 86%,
87, 88%s, 89%, 9%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identical o the
extraccllular portion of SEQ ID NO: 2. In a further aspect, the CAKR polypeptide may
comprise a sequence identical to the extracetiular portion of SEQ 1D NO: 2 or may comprise
ng more than 1, 2, or 3 amino acid delctions or substifutions relative to the extraceliular
portion of SEQ 1D NO: 2. In still a further aspects, the hinge domam of a CAR polypeptide
comprises a sequence at least about 85%, 86%, 87%, 8&%, 89%, B0%, 91%, 92%, 93%, 94%,
93%, 96%, 97%, 98% or 99% wdentical to SEQ 1D NGO 20, In a turther aspect, the CAR
polypeptide may comprise & sequence wdentical to SEQ 1D NO: 20 or may comprise no more

than 1, 2, or 3 aroino acid deletions or substitutions relative to SEQ 1D NO: 20,

3010] In somc aspects, the transmembrane domain may comprise a CDEa
transmembrane domain. o certain aspects, the CAR polypeptide may comprise a sequence at
icast about §5%, 86%, 87%, 8&%, 89%, 90%, 91%, 92%, 93%., 94%, 95%., 96%, 97%, 938%
or 99% identical o the transmembrane portion of SEQ 1D NO: 2. ln one aspect, the CAR
polypeptide may comprise a sequence identical to the transrnembrane portion of SEQ 1D NO:
2 or may comprise no more than 1, 2, or 3 amno acid deletions or substitutions relative to the
transmembrane portion of SEQ 1D NO: 2. In certain aspects, the transmembrane domam may
comprise a transmaembrane domain of CD28, CD&a or CID 37, In still turther aspects, the
transmembrane domain may comprise a CD8a transmembrane domain 85%, K6%, 87%, 88%.
8G%, 0%, 1%, 92%, 93%, 94%, 95%, B6%, 97%, 98% or 99% wdentical to SEQ D NO:
19, In vet a further aspects, the CAR polypeplide may comprise a transmembrane sequence
wlentical to SEQ ID NO: 19 or may comprise no more than 1, 2, or 3 amuno acid deletions or

substitutions relative to SEQO 1D NG: 19,

3011] In some aspects, the mtraceliular cell signaling domamm may comprise a
domam from CD3{. For cxample, 2 CAR polypeptide of the embodiraents may comprise a

CD3C sequence that 18 83%, 86%, 87%, 88%, 88%, 90%, 91%, 92%, 939%, 94%, 95%, B6%,

23
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37%., 98% or 99% identical to SEQ 1D NO: 13, In yet a further aspects, the CAR

3 5

polypeptide may comprise a comprise a U3 sequence wdentical to SEQ D NO: 13 or may
comprise no more than 1, 2, or 3 amuno acid deletions or substitutions relative to SEQ 1D
NO: 13, In stili further aspects, the intracclhular cell signabing domain may comprise an
intracellular domamn from CDZE or CDD137 (4-1BB). For example, a CAR may comprise an
intracciiular cell signaling domain comprising a sequence that 18 85%, 86%, 87%, 88%, 89%,
9%, 91%, 92%, 93%, B¥4%, 95%, 96%, 97%, 98% or 99% wdentical to SEQ 1D NO: 15 or
SEQ 1D NO: 17, In vet a turther aspects, the CAR polypeptide may comprise an
intracellular cell signaling domain corprising a scquence that 1s identical to SEQ ID NO: 15
or SEQ D NO: 17 or may comprise no more than 1, 2, or 3 ammo acid deletions or

substitutions relative to SEQ ID NQ: 1501 17.

{3812] In various aspects, the antigen binding domain of a CAR of the ecmbodiments
may comprise a heavy chain variable domamm (VH) and a light cham variable domam (VL)
of a scFv or an antibody. In further aspects, the antigen binding domain may comprisc a first
sckv domain and a second sckv domain, wheretn one of the first or second sckv dorsams
binds a first antigen and the other domain binds a second antigen. In some aspects, the VL
domain may be positioned N-termunal relative to the VH dovnain. o certain aspects, the VH
domain may be posittoned N-terminal relative to the VL domain. In certain aspects, the CAR
polypeptide may further comprise a hnker scquence between the light chain variable domain
and beavy chamn variable domawmn and/or the first and the second sckv domains. In some

aspects, the linker sequence may be ¢ Whatlow linker {(SEQ 1D NO: 7).

{3013] In various aspects, the antigen bmding domamn may bind to an micctious
disease antigen or a cancer-cell antigen. Examples of cancer cell antigens include CI19,
CD20, RORI, CD2Z2carcmocrbryonic antigen, alphafetoprotein, CA-125, 5T4, MUC-I,
cptthehial tumor antigen, prostate-specific antigen, maclanoma-associated antigen, mutated
153, mutated ras, HERZ/Neu, folate binding protemn, HIV-1 envelope glycoprotemn gpi20,
HiV-1 eonvelope glvcoprotem gpdl, GDZ, CD123, CD33, CDI3R, CD23, CD30 |, CD36, ¢-
Met, mesothelin, GD3, HERV-K, 1L-11Ralpha, kappa chain, lambda chamm, CSPG4, ERBBZ,
EGEFRvHI, VEGFRZ, HERZ2-HER3Z 1n combmination, HERI-HER2 m combimation or HER1-
HER3 in combination. In some aspects, the cancer cell antigen may be CB1Y and the CAR

may be a CD19-targeted CAR.
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186014} In a further cmbodiment there are provided nuclieic acid molecules encoding a
CAR polypeptide m accordance with the embodiments.  In some aspects, the seguence

encoding the CAR 15 flanked by transposon repeats or viral LTRs,

3015] In vet a turther ecmbodiment, there 18 provided an isolated immune effector cell
{c.o., a T-cell, NK cell or NK T-cell} coroprising a CAR polypeptide or nucleic acid m
accordance with the embodiments. In some aspects the cell 1s @ T-cell or a T-cell progenttor.
in further aspects, the cell 158 a human cell.  In cerfamn aspects, the cell composition may
comprise as low as a hundred or 1,000 celis. However, in some aspects, the cell composition
compriscs at lcast about 10°, 107, 10°, 107, 10°, 107, 10", 10" or more CAR-cxpressing
imnune effector cells.  In some aspects, the cells may have essentially sdentical genetic
matertal. In further aspects, the cells may be human cells derived from a singie subject, who
raay be a donor or a patient. A further embodiment provides a pharmaceutical coraposition
comprising a population of CAR-expressing cells in accordance with the embodiments in a

pharmacecutically acceptable carrier.

13816] In still 2 further emnbodiment, there 18 provided a method of treating a subject
{e.g., a subject having a cancer or an infectious discase) comprising adminstering an
cticctive amount of mmmunc cifector celis that expresses a CAR polypeptide mn accordance
with the embodiments. In certamn aspects, the subject may have cancer. ln certain aspects,
the cancer may be a hematological or solid cancer, such as T-celi ALL, B-ALL, CML, colon
cancer, gvarian cancer, neursblastoma, bramn tumor(s), or pancreatic cancer. In some aspects,
the patient may have undergone a previous anti-cancer therapy. In one aspect, the patient
may be wm renussion.  In yet another aspect, the patient may be tree of sympltoms of the
cancer but comprise detectable cancer celis. In another aspect, the subject may have a viral
mfection {e.g., cytomegalovirus (CMV}, Epstem-Barr wvirgs (EBV), or human
immunodeficiency virus (HIV)). In vet another aspect, the subject may have a bactenal
infection. In one aspect, the disease may be sepsis.

3017] In cortain aspects, 4 mcthod of treating a subject comprises adnunistering
immune ettector cells {e.g., T-celis) expressing a CAR that comprises a hinge domain having
polypeptide scquence that binds to a human Fo receptor.  In some aspects, such mmmune
ctiector cells are admmnistered locally, e.g., to a site of discased tissue. In cortamn aspects, the

site of local dehvery has a reduced number of {or essentially no) cells cxpressing Fc
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receptors. For cxampie, the site of admunistration can be in the central nervous systen {e.2.,

the bram), the eye or testicle ot a subject.

GO18] In some aspects, the CAR polypeptide may compnise an anhigen binding
domain that binds to a cancer cell antigen. In some aspects, the cancer may be a breast
cancer, ovarian cancer, melanoma, non-small cell lung cancer, gasiric cancer, colorectal
cancer or pancreatic cancer. In further aspects, the cancor expresses the cancer cell antigen
that 1s bound by the antigen binding domain of the CAR. In still further aspects, the subject
has been identified as having a cancer that expresses the cancer cell antigen to which the
CAR polypeptide binds. In still further aspects, the immune cffector cells {e.g., T-cells) were

previously isolated from the subiect.

{3019] In some further aspects, the wmmune effector cells {e.g., T cells) may be
aliogeneic to the patient. In various aspects, allogeneic cells may or may not share HLA with

the patient. In another aspect, the immune cttector cells may be autologous to the patient.

028] In vet a turther embodiment, there 1s provided a mcthod comprising obtaining
a saniplc of celis comprising mmmune cifector cells or progenitors thereot {e.g., T-celis or T-
ceil progentiors), transtecting the cells with a DNA encoding a CAR polypeptide
accordance with the embodiments, (o provide a population of transgenic CAR-expressing
cells, and culturing the population of transgenic CAR cells ex vive m a medium that
selectively enhbances proliferation of CAR-expressing mmune etfector cells (eg., CAR-
expressing T-cells), In certain aspects, the method further comprises transtecting the cells
with a transposon-tlanked CAR and a transposase effective fo miegrate the BNA encoding
the CAR mnto the genome of the cells. In further aspects, a mcethod compnses purnitying or
coriching T-cells mn the sarapic prior to franstection. In certain cases the wmmune cliector
cells {e.g., T-cells or T-cell progenttors} are derived from mduced pluripotent stem cells or
embryvonic stem cells, In turtber aspects, enrichung cells 1 the sample comprises coliecting a
mononucicar cell fraction. The sampic of cells may be from umbtlical cord blood, a
lymaphoid organ or a peripheral blood sample from the subject in some cases. The sampic of
cells may be obtained by apheresis or vempuncture 1 some cases. o still further aspects, the
sample of cells 18 a subpopulation of mmmune cells, such as a subpopuiation of T-cells. In
some aspects, transgenic CAR cells are mactivated for expression of an endogenous T-cell
receptor and/or endogenous HLA. In further aspects, obtaining the sample of cells comprises

obtaining the cells from a 3rd party.
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18821] In some aspects, the method of transicction {e.g., of a CAR construct)
coraprises electroporating DNA encoding a CAR mio a cell {e.g., a T-cell). In turther
aspects, a CAR construct may be transduced mto a cell using a viral vector. In some aspects,
the transtection may not mvolve miecting or transducing the cells with virus, In still further
aspects, the cells are additionally transfected with a nucleic acid encoding a membrane-bound
Cv evtokane. The maembrance-bound Cy cytokine may be a membrane bound 1L-7, 1L-15 or
1L-21 10 some instances. In a specific aspect, the membrane-bound Oy cytokine s 1L-15-11-

15K o fusion protein {e.2., such gs the mIL-15 polypeptide of SEQ ID NG: 4).

30221 In still further aspects, the DNA encodmg the CAR 18 a plasmud. In a further
aspect, the CAR may be encoded by an RNA that 15 miroduced mto the cells. The
transposase may be provided as a PNA cxpression vector, an mRNA, a polypeptide, or an
expressible RNA m some aspects. In a specific aspect, the transposase s salmonmd-type Tel-
itke transposase (SB). In a further specific aspect, the transposasc 18 the SBil or SB10Ox

Lransposase.

H023] In vet a turther aspect of the embodiments, culturing the transgernuc CAR cells
in accordance with the method detatled herein comprises culturing the transgenic CAR cells
in the presence of dendritic cells or activating and propagating cells {(AaPCs) that stimulate
expansion of the CAR-expressing immune etfector cells. In still further aspects, the AaP{s
compris¢ a CAR-binding antibody or fragment thercot cxpressed on the surface of the
AaPCs. The AaPCs may comprise additional molecules that activate or co-stimulate T-cells
in some cases. The additional molecules may, in some cases, comprise membranc-bound Cvy
cviokines. fn yet still further aspects, the AaP(Cs are mactivated or irradiated, or have been
tested for and confirmed to be free of micctious material. In still further aspects, culturing
the transgenic CAR cells mn the presence of AaPCs comprises culturmg the transgenic CAR
ceils m a medium comprising sohuble Cytokines, such as IL-21 and/or IL-2. The cells may be
cuttured at a ratio of about 10:1 to about 1:10; about 3:1 to about 1:5; about 1:1 to about 1.3
(oumune ctfector cells to AaPCs); or any range dernivable theretn. For example, the co-

culture of T cells and aAPCs can be at a ratio of about 1:1, about 1:2 or about 1.3,

3024] In 4 turther aspect, the population of transgenic CAR cells 18 cultured for no
more than 7, 14, 21, 2%, 35 or 42 days. In some instances, the transgenic cells are not
cultured ex vivo m the presence of AaPCs. In some specific instances, the method of the

cmbodiment further comprises enriching the cell population for CAR-expressing immune
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cticctor cells {e.2., T-cells) atter the transtection and/or culturing step. The enriching may
comaprise fluorescence-activated cell sorting (FACS) and sorting for CAR-expressing cells.
in a further aspect, the sorting for CAR-cxpressing celis comprises use of a CAR-binding
antibody. The enniching may also comprise depletion of CD36+ cells. In vet still a turther
aspect of the embodiment, the method further comprises cryoprescrving a sampie of the

population of transgerue CAR cells.

{3025] In a further embodiment, there 18 provided a CAR-cxpressing immune effector

cell {e.g., T-cell} population made by a method of any one of the embodiments.

{3026] In a turther cmbodiment, a method of treating a discase i a patient 1s provided
comprising producing a ccll composition according o the methods of the present
embodiments and admimstering an eltechive amount of said cell composition (0 a patient mn
necd thereof., In some aspects, methods are provided for treating an mdividual with a medical
condition comprising the step of providing an ctfective amount of cells from the population

of celis described herein, including more than once in some aspects, such as at least 1, 2, 3, 4,

5,6,7,%,9,10, 11, 12, 13, 14, or more days apart.

3027 In yet a further embodiment there 18 provided an engimeercd antigen
presenting cell (AP} comprising a first transgene encoding a target antigen and a second
transgene encoding a human lcukocvyte antigen (HLA), said HLA being expressed on the
surface of the APC in complex with an epitope of the target antigen. The enginecred APC
may or may not be imumortalized. In some aspects, the engimeered APC 18 a primary cell or a
T-cell or T-cell progenstor.  In some further aspects, the enginecred APC s a T-cell
cxpressing a o TCR or a voTCR.  In certain specific aspects, the HLA expressed in the
cogincered APC 1s HLA-AZ, In still further aspects, the engineered AP has been tested tor

and confirmed to be free of infectious material.

{3028] In some aspects, an cngineered APC of the embodiments may turther
comprise at least a third transgene encoding co-stimulatory molecule. The co-stimulatory
moelecule may be a co-stimulatory cytokine that may be a membrane-bound Cy cytokine. In
certain aspects, the co-stimulatory cytokine s IL-15 that may or may not be membrane-

bound.

3028] In further aspects, an engmeered APC of the embodiments 18 mactivated or

uradiated. In somce aspects, the engincered APC may comprise an edited gene to reduce or

-
an x e
=



CA 029647785 2017-04-13

WO 2016/073755 PCT/US2015/059293

chiminate expression of an mhibttory gene.  In specific aspects, the miubitory gene may be

Pi-1, LIM-3, CTLA-4 ora TCKR.

3038] In still further aspects, the target antigen expressed mn an engineered APC of
the embodiments can be an infectious discase antigen or a tumor-associated antigen {TAA).
Target antigens may be mtracellular or cell surface antigens. For exarmaple, 1n some aspects,
the target antigen 18 @ TAA such as a TAA denved from a subceliular compartment of the
tumor cell.  The TAA may be membrane-bound, cytoplasmic, nuclear-localized, or even
secreted by the tumor cells, Preterably, the TAA 18 differentially expressed compared {o the
corresponding normal tissue thereby allowing for a preferential recognition of tumor cells by
immune effector ceils. Tumor antigens can be loosely categornized as oncotetal {typically
only expressed in fotal fissucs and in cancerous somatic ccils), oncoviral {encoded by
turnongentc transtorming viruses), overexpressed/ accumudated {(expressed by both normal
and neoplastic tissuc, with the level of expression highly clevated in ncoplasia), cancer-testis
{expressed only by cancer cells and adult reproductive fissues such as testis and placenta),
lincage-restricted {expressed largely by a single cancer histotype), mutated {only expressed
by cancer as a result of genetic mutation or alteration in transcription), postivansiationally
attered {tumor-associated alterations m glycosyiation, etc.), or idiotypic (highly polymorphic
ogenes where a tumor cell expresses a specific “clonotype”, eg., as m B cell, T cell
lymphoma/lcukemia resuiting from clonal aberrancies), any such TAA may serve as a target
antigen m accordance with the ecmbodiments. Specific examples of target antigens imnclude,
without hmitation, WTIH, MUCH, LMPZ, HPV E6 E7, EGFRvIH, HER-Z/neu, Idiotype,
MAGE A3, p53 nonmutant, NY-ESO-1, PSMA, GDZ, CEA, MclanA/MARTI, Ras mutant,
op 100, 53 mutant, Protemase3 (PR1), ber-abl, Tyrosinase, Survivin, PSA, hTERT, Sarcoma
translocation breakpoints, EphA2, PAP, ML-IAP, AFP, EpUCAM, ERG (TMPRSE2 ETS
tusion gene}, NAL7Y, PAX3, ALK, Androgen receptlor, Cychin Bl, Polyvsialic acid, MOCN,
Rho(C, TRP-2, GD3, Fucosyl GMIi, Mcsothelin, PSCA, MAGE Al, sle{a), CYPIBI,
PLACT, GM3, BORIS, Tn, GloboH, ETV6-AML, NY-BR-1, RGS5, SART3, STn, Carbonic
anhvdrase 1X, PAX3S, OF-TESL, Sperm protemn 17, LCK, HMWMAA, AKAP-4, SSXZ,
XAGE 1, B7TH3, Legumam, Tie 2, Paged, VEGEFRZ, MAD-CT-1, FAP, PDGER-3, MAD-
CT-2, and Fos-related antigen 1. In other aspects, the target antigen 18 an ifectious disecase

antige
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3831 In yet stll further aspects, an engineered AP of the embodiments 1s a human
cell,  In some aspects, the first and/or second transgene of the engmeered APC may be
integrated mto the genome of the cell. Further, mn certain aspects, the first and/or second
fransgene may be flanked by a transposon repeat or a vival L'TR. In further aspects, the first

and/or second transgene 1s encoded by a recombinant mRNA.

18832) In a further cmbodiment there is provided a cell culture comprising
population of engmecrcd APCs i accordance with the embodiments and a population of
immune ettector cells {e.g., T-cells) with specificity to an epitope of the target antigen in
complex with the HLA expressed mn the APCs. In certain aspects, the immmune cttector cells
of a culture have the same genetic background as the engineered APCs. In specific aspects,
the immune cifcctor cells express a T-cell receptor (TCR) that binds to an epitope of the
target anbigen in complex with the HLA expressed in the enginecred APCs.  In particular
aspects, the TCR 1s an g TCR. In certain aspects, the target antigen 18 NY-ESO-1. In some
speciiic aspects, the TCR comprises a sequence at least 839%, 83%, 86%, 87%, 8&Y, §99%,
G0%, 91%, 92%, 93%, 4%, 95%, 96%, 87%, 958% or 99Y% identical or identical {o the anti-

NY-ESO-1-g8TCR {SEQ 1D NO: 2%).

[3033] In further aspects, the immunce effector cells of the cell culture {comprising an
cugineered APC of the embodiments) express a chimeric T-cell receptor {(CAR) that binds fo
an ¢pitope of the target antigen n complex with the HLA expressed 1 the engincered APCs.
The CAR may comprise antibody variable domains that bind to an epitope of the target
antigen m complex with the HLA expressed m the APCs. In somge specific aspects, the target
antigen 18 NY-EN{-1. In certamn aspects, the CAR comprises a sequence at feast 88%, 85%,
N6Ya, 87%, 88%, 89%, 90%, 91%, 92%., 93%, 94%, 95%, B6%., 97%, 98% or 99%; 1dentical
or wdentical to the NY-ESO-IR-CD2RTm-CD137-7 R(SEQ 1D NO: 22 NY-EXD-1R-
CDRa-CD2Z8-7Z CAR (SEQ 1D NO: 243 or NY-ESO-1R-CDEa-CD137-Z CAR (S8EQ D NG
26).

13034] In somce aspects, the cell culture of engincered APCs of the ecmbodiments may
comprise a medium that stimulates ymmune effector cell {e.g., T-cell) expansion. The
medium may comprise 1L-21 and/or IL-2. In specific aspects, the culture comprises a ratio of

about 1:1 fo about 1:10 mmune cffector cells to enginecred APCs).

- 10 -
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H3035] In vet a turther embodiment, there 1s provided a pharmaccutical composition
comprising a population of engimeered APCs 1 accordance with the embodiments described

herein in a pharmaccutically acceptabie carrier.

{3836 In still a further embodiment, there 1s provided a method of treating a subject
having a discase comprising admunustenng an effective amount of enginecered APCs m
accordance with the embodiments to the subject, wherein said APCs express a target antigen
associated with the disease. In some aspects, the subject has a cancer that expresses the target
antigen encoded by the engineered APCs. The cancer may be a myeloma or a synovial
sarcoma. In certain aspects, the cancer 18 a NY-ESGO-1 posttive cancer and the target antigen

18 NY-ENO-1.

3037] In some aspects of the embodiment, the engineered APCs were previously
isolated from the subject. In further aspects, the method additionally comprises adminustering
a population of antigen-specific imumune effector cells to the subject, said immune effector
ceils having spectficity fo an cpiiope of the target antigen in complex with the HLA
expressed mn the @ngi_n@ered APCs. The moune effector cells may have been previously
iselated from the subject. In further aspects, the immune cffector cells have been engineered
to express a T-cell receptor (TCR) that binds to an epitope of the target antigen in complex
with the HLA expressed in the engincered APCs. In specific aspects, the TCR 18 an o TCR
in somc particular aspects, the target antigen 18 NY-ESO-1. In certamm aspects, the TCKR
campmeg a sequence at {cast 8%, 853%, X6V, 87%, 88%, X%, 9%, 91%, 92%, 93%., 949%,
G5%, 96%, 97%, 98% or 99% identical or identical to the anti-NY-ESO-1-gBTCR (SEQ 1D
N 2K).

{HU38] In turther aspects of the embodiment, the wmmune effector cells express a
chimeric T-cell receptor {CAR) that binds to an epitope of the target antigen in compicx with
the HLA expressed 1w the engineered APCs. The CAR may coroprise antibody variable
domains that bind to an epitope of the target antigen 1 complex with the HLA expressed in
the cngmeered APCs. In somce specific aspects, the target anfigen 18 NY-ESO-1. In further
aspects, the CAR comprises a sequence at least 80%, 83%, 86%, 87%, 8k, 89%, 9%, 91%,
92%, 93%., 949, 95%, 96%, 97%, 98% or 99% identical or identical to the NY-ESO-1KR-
CO2RTm-CD137-4 CAR (SEQ D N 22) NY-ESO-1R-CD8a- D284 CAR (SEQ 1D
NO: 24); or NY-ESO-1R-CD8a-CD137-2 CAR (SEQ ID NO: 26).

~ 11 -
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3839 In a further embodiment, there is provided a recombinant CAR polypeptide
cornprising a sequence at least R0%, 85%, R6Y%, 87%, BRYG, 89%, 90%, 91%, 92%, 93%,
4%, 95%, 96%, 97%, 98% or 99% identical or identical to the NY-ESO-1R-CD28Tm-
CDI37-7Z, CAR (SEQ D NO: 22); NY-ESO-1R-CDRa~-CD2R-Z CAR (SEQ 1D NO: 24); or
NY-ESO-1R-CD8a-CD137-72 CAR (SEQ 1D NGO 263, In still a further embodiment there 18
provided an imroune effector cell {e.g., a T-celly compnising a CAR polypeptide at least 30%,
85%s, 86%, 877, 88%, 89%, 90%, 1%, 92%, 93%, 94%, 5%, 96%, 97%, 98% or 99%
wdentical or wdentical to the NY-ESO-IR-CD28Tm-CD137-7Z CAR (8EQ 1D NO: 22} NY-
ESO-1R-CDBRa-CD2R-Z CAR (SEQ 1D NGO 24); or NY-ESNO-1R-CDRa-CI37-4 CAR
(SEQ ID NO: 26).

3848 In stull further aspects, a method of the embodiments additionally comprises
coriching the cell population for antigen-expressing engmneered APCs. In some aspects, the
enriching comprises fluorcscence-activated cell sorting (FACS)  In a specific aspect, the

enrichung comprises sorting {or anfigen expressing.

{3041] A further embodiment there 1s provided a mcthod of making engineered APCs
of the embodiments comprising obtaining a samplc of cells comprising APCs and
transfecting the cclis with nucieic acid comprising 4 fransgence cncoding a target antigen and 4
transgene encoding a human leukocyte antigen (HLA}, such that said HLA 13 expressed on
the surface of the APC in complex with an epitope of the target antigen to produce a
population of engineered APCs.  In certain aspects, the APCs are T-cells or T-cell
progenttors. In the further aspects, the method additionally coraprises purifying or enriching
APCs 1 the sample prior to transtection. In specific aspects, the T-cells or T-cell progenttors
are derived from induced pluripotent stom ceils, embryonic stems celis or hematopoietic stem
ceils. In further aspects, enriching T-cells 1o the sample comprises collecting a mononucicar
ceil fraction. In some aspects, the sampile of cells may be from umbilical cord biood, a
Iviophoid organ or a penipheral blood sarapie from the subject. In certain aspects, the sample
of cells may be obtained by apheresis or venipuncture. In still further aspects, the sampie of
cells 18 a subpopulation of T-cells. In some specific aspects, the transgenuc CAR cells are
inactivated for expression of an cndogenous T-cell receptor and/or endogenous HLA. In
particular aspects, obtaming the sampie of cells comprises obtamning the cells from a 3rd

party.

-~ 17 -
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13842] In some aspects, the transfection of AP(Us comprises clectroporating DNA
concoding transgenes into the APCs to generate engimmecred APCs. In further aspects, APCs
can be transduced using a viral vector. In some aspects, the transiection may or may not
mvolve mlecting or transducing the cells with virus.  In turther aspects, the cells are
additionally transtected with a nucleic acid encoding a membranc-bound vy cytokine. In
certain aspects, the membrane-bound Cv cyvtokine may be a membrane bound 1L-7, HL.-15 or
(L-21. In a specitic aspect, the membrang-bound Cy cvtokime 18 [L-13-1L-15Ra fusion

protein.

(3043] In a further aspect, the transfection of APCs additionally comprises
mntroducing a transposase o the cells and wheremn at lgast one of the transgenes is tlanked
by a transposon repeat. In some aspects, the transposase may be provided as a DNA
expression vector, an mBNA, a polypeptide, or an expressible RNA. In a specific aspect, the
transposase 1s salmonid-type Tel-like transposase (8B). In a further specific aspect, the

transposase 1s the SB11 or SB10{0x transposase.

3044 In yet a further aspect of the embodiments, a method of producing cngineered
AP{s comprises an additional step of culturing the population of engineered AP(Cs celis ex
vive mn a medium that cnhances proliferation of the APCs. In some aspects, culturing the
cugineered APCSs may comprise culturing the cells i the presence of antigen-specific
unnune ctfector cells, such as T-cells, said cells having specificity to an cptiope of the target
antigen in complex with the HLA expressed in the APCS. In certain aspects, immune etfector
cells may be obtamned from the same subject as the APCs. In further aspects, the tmune
cticctor cells have been engincered to express a T-cell receptor (TCR) that binds (0 an
eptiope of the target antigen in complex with the HLA expressed in the APCs. In a specific
aspect, the TCR 1s an o TCR. In still further aspects, the mmmune effector cells have been
cngineered to express a ciumeric antigen receptor (CAR) that binds to an epitope of the target
antigen m complex with the HLA expressed mn the APCs. In some aspects, the CAR may
comprise antibody variable domains that bind to an epiiope of the target antigen i complex

with the HLA cxpressed m the APCs.

3045] In a further aspect, the enginecred APCs of the embodiments have been tested
for and confirmed to be free of mfectious material,  In some aspects, culturing the engineered
APCs n the presence of immune effector cells may comprise culturing the cells i a medium

comprising 1L-21 and/or 1L-2. In further aspects, culturing the engmmeered AP(Cs in the

~ 13 -
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presence of immune cttector cells may comprise culturing the celis at a ratio of about 183:1 to
about 1:10 (mmune ettector cells to APCs). In certain aspects, culturing of enginecred APCUs

is for no more than 7, 14, 21, 2¥, 35 or 42 days.

{3046 Stull a further embodiment there 1s provided an enginecred APC population

made by a method of any embodiments described heren.

H3047] In further embodiments, a cell composition 1s provided comprising cngineered
AP{s and/or antigen specific immune eftector cells. The cell composition may comprise as
low as a hundred or 1,000 cells. However, m some aspects, the cell composition compriscs at
least about 10°, 107, 10°, 107, 10°, 107, 10", 10" or more engiecred APCs and/or antigen
specific tmunune ctfector cells. In one aspect, the cells may have essentially identical genetic
matenial. In sorne aspects, the celis may be human derived from a single subject, who may be

a (donor or a paticnt.

13048) In still a further embodiment, a pharmaceutical composition 1S provided
comaprising a cell composition comprising engimecred APCs of the present embodiments and

a pharmaceutically acceptable carrier.

38498] In vet a further cmbodiment, a method of treating a discase 1 a patient 18
provided comprising administering an ctfective amount of 4 ccll population comprising
engincered APCs or pharmaceutical composition comprising engineered APCs.  In one
aspect, the patient may be a human patient. In certain aspects, the discase may be cancer. In
further aspects, the cancer may be a hematological or sohid cancer, such as T-cell ALL, B-
ALL, CML, colon cancer, ovarian cancer, neuroblasioma, brain tumor{s), or pancreatic
cancer. In some aspects, the patient may have undergone a previous anti-cancer therapy. In
ong aspect, the patient may be m remission. In yet another aspect, the patient may be free of
symptoms of the cancer but comprise detectable cancer cells. In another aspect, the discase
may be a viral mfcction {e.g., cytomegalovirus {CMV}, Epstemm-Barr virus (EBV), or human
mmmunodeticiency vuus (HEV)).,  In yet another aspect, the disecase may be a bacterial

infection. In one aspect, the disease may be sepsis.

3858] In some turther aspects, the ccll composition comprising enginecred APCS
may be allogeneic to the patient. In various aspecis, an allogencic ceil composition may or
may not share HLA with the patient. In another aspect, the cell composition comprising

engineered APCs may be autologous to the patient.
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3051] In a further embodiment, a method of treating a disease 1n a patient s provided
comprising producing a cell composition corapnsing engneered APCs of the present
embodiments and adounistering an effective amount of said cell composition to a patient n

need thereofl

HOO8Z] In some aspects, mocthods are provided for treating an individual with a
medical condition comprising the step of providing an effective amount of enginecred APCs
of the cmbodiments, mcluding more than once i some aspects, such as at least 1, 2, 3, 4, 5,

6,7,8,9, 10, 11, 12, 13, 14, or more days apart.

HO33] In vet a further embodiment provided heremn 18 a2 method to wdentify and select
high-energy mmmune effector cells {eg, CAR+ T cells) after gene modification for
therapeutic purposes. Accordingly, m one ermbodiment, a method 18 provided for sclecting
CAR-modified mmune effector cells with mitochondrial spare respiratory capacity. In some
aspects, the method comprnises detecting an expression level of a mottochondnal reporter gene
and selecting ummunc cifector cells with an elevated expression level of the mitochondrial
reporier gene, thercby selectmg mmmune effector with mifochondrial spare respiratory
capacity. In some aspects, the mmmunce cficctor celis may be human cells, such as CAR-

raodified human T cells.

13054] In some aspects, the mitochondnal reporter gene for use according to the
embodiments may be an endogenous gene. In some aspects, the mitochondrial reporter gene
may be an cxogenous gene, such as a gene encoding a fluorescent reporter protein. In some
aspects, the fluorescent reporter protein may comprise a mitochondrial lpcalization sequence.
in certain aspects, 4 method for selecting immune cttector cells having SRC may corprise

How cytometry or FACS.

HOS55] In ceortamn aspects, expression of the reporier gene for identilying mmroune
ettector celis with SRC may be under the control of a nuclear promoter {e.g., hEFia). In
certain aspects, expression of the reporter gene may be under the control of a mutochondrial
promoter. In certain aspects, the expressed reporter protein may comprise a mitochondrial
localbization sequence. In certamn aspects, the expressed reporter protemn may be directed to
the cell surtace. In certain aspects, expression of the reporter gene may be under the control
of a mitochondrial promoter and the expressed reporter protein may be directed to the cell

surface. In some aspects, an exogenous reporter gene may be flanked by a transposon repeat
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or a virai LTR. In somg¢ aspects, an ¢xogenous reporter gene may be comprised i an

extrachromosomal nucleic acid, such as an mRNA or an episomal vector.

{3056] In sorne aspects, immune effector cells selected for SRC {e.z., CAR-modified
T cellsy may be expanded ex vive for a period of time, which, in some aspects, may comprise
culturing the cells with feeder cells, such as Activabtimg and Propagating Celis (AaPC)
containing a CAK higand or an antibody that binds to a CAR {e.g. 2D3 sckFv}). In one aspect,
the AaP{Cs may be transgenic K562 celis. In one aspect, the AaP(Us may express CD137L.
In other aspects, the AaP(Cs may further express CIXG, CDo4, CI86, or miL15s, In certam
aspects, the AaPUs may cxpression at icast one anti-CD3 antibody clone, such as, for
example, OKT3 and/or UCHTIL. In onc aspect, the AaP(Cs may be mactivated {e.g..
irradiated). In one aspect, the AaP{s may have been tested for and confirmed to be frec of
infectious material, Methods tor producing such AaPCs are known m the art. In one aspect,
culturimg the CAR-moditied T cell population with AaP{Cs may comprise culturing the cells
at a ratio of about 10:1 to about 1:10; about 3:1 to about 1:5; about 1:1 to about 1:3 (1 cells to
AaP(s); or any range derivable therein. For exampie, the co-culture of T cells and AaP{Cs
can be at a ratio of about 1:1, about 1.2 or about 1:3. In one aspect, the culturmg step may

turther comprise culturing with an aminobisphosphonate {e.g., zoledronic acid).

{3057] In a further embodiment, a population of immune cffector cells {(e.g., CAR-
modified T cellsy 18 provided with mitochondrial spare respuratory capacity and a
pharmaceutically acceptable carrier. The population of cells may be selected according to a
mcthod of the present embodiment. In some aspects, the cells may be therapeutically viable,
In some aspects, the population of cells may comprise at least 10, 1 x 10°, 1 x 107, 1 x 107, 1
x 107, or 1 x 10° cells, or any number of cells derivable thercin. In various aspects, the cells
may be NK-cells, natural killer T celis, aff T celis, or yo T cells. In one aspect, the immune
cticctor cells may have essentially identical genetic material,  In some aspects, the tmmune
cticctor cells may be human CAR-modificd T cells.  In some aspects, the cells may be

derived trovn a simgle subject, who may be a donor or a patient,

OS] In still a turther cmbodiment, a method of freating a disease m a patient in
need thereot 1s provided, the method comprising admimistering an cttective amount of a
population of mmune effector cells {e.g., CAR-moditied T cells) with or selected for
mitochondrial spare respiratory capacity.  In some aspects, the method may comprise

administering from about 100 to about I x 10” cells, or any number of cells derivable therein,

216 -
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to the patient. In some aspects, the patient may be a human patient. In certain aspects, the
population of 1mmune ettector cells with SRC may be allogeneic to the patient. In various
aspects, an allogencic cell composition may or may not share HLA with the patient. In
certain aspects, the population of immune etfector cells with SRC way be autologous to the
patient. In various aspects, the method may further comprise admunistering a second therapy

to the patient,

3059] In somc aspects, the discase for treatment with immune effector cells with {or
selected fory SRU may be cancer. In certamn aspects, the cancer may be a hematological or
soitd  cancer, such as T-cell ALL, B-ALL, CML, colon cancer, ovaran <anger,
neuroblastoma, bramn tumor(s}, or pancrealic cancer. In some aspects, the patient may have
undergone a previous anti-cancer therapy. In one aspect, the patient may be m remission, In
yet another aspect, the patient may be free of symptoms of the cancer but coraprise detectable
cancer cells. In another aspect, the discase for treatment with immune efiector cells with
SRC may be a viral mfection {e.g., cviomegalovirus (CMV), Epstem-Barr virus (EBV}, or
human mmnunodeficiency virus (HIVY). In vet another aspect, the disease may be a bactenal
infection. In one aspect, the disease may be sepsis.

1 3068] In one cmbodiment, a method of freating a disease n a patient 18 provided
comprising producing a cell composition comprising immune effector cells with SRC
according to the embodiments and admimistering an ctfective arnount of said cell composition
to a patient in need thereot. In some aspects, methods are provided for treating an mdividual
with a medical condition comprising the step of providing an effective amount of imroune
cticctor cells with SR, mciuding more than once in some aspects, such as at least 1, 2, 3, 4,
5,6,7,8,9, 10, 11, 12, 13, 14, or morc days apart.

{3861] In onc emibodiment, a composition 1s provided comprising a cell population of

the present erobodivaents, tor use 1w the freatment of a disease 1 a patient.

13062 Embodiments discussed in the context of methods and/or compositions of the
embodiments may be cmployed with respect to any other method or compostiion described
herein. Thas, and embodiment pertaining to one method or composition may be applied to

other methods and compositions of the embodiments as well.

{38631 Other obiects, features and advantages of the embodiments will become

apparent from the following detatled description. It should be understood, however, that the
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detailed description and the specific examples, are given by way of iilustration only, since

various changes and modifications within the spwrit and scope of the embodiments will

become apparent to those skilled in the art from this detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

{3064] FIG, 1 An cxample schematic of chimeric antigen receptor targeted to the
CD19 receptor.  The CAR construct (CDI9RCDZE) mcludes a CB19 bimdmg domain
(VL/VH}, a hinge domamn {(lgG4-Fc¢), a transmembrane domain (CD28 TM) and an

mtracciiular signaling doramn (CD2E- CID3L).

{3065] KIG. 2A-B: A, Figure shows scatier plots obtamned by flow cytometry
showing expression of the CDI9RCD2ZK CAR on T cells, 1 day after clectroporation and after
28 days of co-culture with K362 aAPC. B, Figure 1s scatter plots obtained by flow cytometry
showing in vitro binding of Fc receptors {(CD32 (FeyR2a), CD64 (FeyRlay) by CDIORCD2E
CAR T-cells.

3066] FIG. 3A-B:  Lunted 7/n vive persistence due to FeR bmding may reduce
efficacy. NSO mice were injected with hRLuc NALMS6 tumor followed by a single
mjection of CDRIYRCDZR T cells {or control injection), A, Bioluminescence associated with
tumor was measured via imaging over time. B, Graph shows the tumor burden in treated or

control animals over time basced on the measure luninescence levels,

3867] FIG., 4A-H:  The figures show schewmatics of varnious CARs that were
coustructed and tested. Sequences of selected CAR domamns are also provided. For the
human IgG4 hinge region, the hinge was mutated from amuno acids CPSC (full-length
sequence provided as SEQ 1D N 9) to CPPC {(full-length sequence provided as SEQ 1D
NO: 10) to enhance stability of the dimerized IgG4 heavy cham. The human IgG4 Fe (EQ
miitant, baving amino acid changes LZ235E, and N297(}) 1s provided as SEQ 1D NO: 1. The
human CD¥a chain hinge and transmembrane domain 18 provided as SEQ 1D NO: 3. The 12
amino acid spacer from human IgG4 Fe was mutated {rom amino acids CPSC (provided as
SEQ 1D NO: 18y and CPPC (provided as SEQ 1D NGO 2} to cnhance stability of the
dimnerized IgGG4 heavy cham provided as SEQ D NO: 2. For the human CDI3
transmembrane cytoplasmic domain, the human CDZE transmembrance and cndodomain was
maodified from RLLH (tuli-length sequence provided as SEQ ID NO: 11) to RGGH (full-

length sequence provided as SE{} 1D NO: 12) to umprove expression of the CAR. For the
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human CD28 cytoplasmic domain, the human CD2ZS endodomain was modified from RLLH
(fuli-length scquence provided as SEQ 1D NO: 16) to RGGH (tull-length sequence provided
as SEQ ID NO: 17} to improve cxpression of the CAKR.

{3068] KIG. 8 The figure shows scatter plots obtamned by flow cytometry showing
expression of various CARs of CAR on T cells, 1 day atter electroporation and afier 28 days

of co-culture with K562 aAPCs.

18069] FIG. 6 The tigure shows scatter plots obtained by {low cyviometry showing
reduced in vifre binding of Fo receptors (CD32 {(FeyRZa), CDo4 (FeyR1a)y) by CDISR*CD2E
CAR T celis.

38701 FiG. 7 The figure shows a graph depicting the expansion kinetics of various

CAR T cells over 28 davs of co-culture with K562 aAPCxs.
3

{3071) FIG. 8: The figure shows a graph depicting the CDi9-specific cyiotoxicity
shown by various CAR T cells relative to CDI9EL-4 and NALM-6 target cells.

30721 FiG, 90 The figure shows a graph depicting CD9-specific IFN-garmnma

production by vartous CAR T cells when contacted with different target cells,

8873] FIG. 18 The figure shows luminescence umaging of NSO mice that were
mjected (Lv.) with tumor (hRLuc+ NALM-6} foliowed by myection {(1.¢.) with fthuct CAR+
1 cells the next day. Tumor and T cell imaging was poertformed after injection of EnduRen or
Luciferin respectively using Xenogen IVIS 100 series system. T cells were imaged
immediately after to confirm imfracardiac injection {top row). Shaded images represent

photon flux from tumor-derived hRLuc activity over time 18 shown.,

[3074] FIG, 11 Improved in vive efficacy of CAR+ T cells to conirol discase. The
figure shows a graph representing tumor burden based on the biolumunescence measurernents
in FIG. 10, As detailed above, NSG mice were mjected with hRLuc+ NALM-6 tumor
tollowed by a smgle myection of CAR T ceils. Tumor associated bioluminescence was
measured over time and 18 shown. (%) represents at {cast p<(.05 significance over tumor only

CTOUP.
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8075) FiIG, 12: The figure shows a graph depicting survival curves for NSG mice
treated with various CAR T cells, The sitgmificance (p value) 18 calculated when compared o

tumor only (no treatment) group.

(8076] FIG, 13A-D: Characterization of CAR™ T cells. PBMCs were clectroporated
with CDIOR*CD2R or CDI9RCDECDZE transposon & SB11 transposase and co-cultured on
irradiated K302 antigen presenting cells along with -2 and {1-21 for 28 days 1 a 7-day
stimnufation cyele. Cells were enumerated and phenotyped (CD3, CAR) at the end of cach
stinmulation cycle. {A) Expression of CAR on CD3" T cells day after electroporation {day 1)
and after 28 days of co-culture. (B} Inferred cell counts for CB3 and CAR+ T cclls showing
expanston kinetics. () CD19-specific cvtotoxicity was measured using standard chromium
relcase assay against CD19° tarpets (CD19 EL-4, NALM-6, Daudifym). Background lysis
is depicted by lysis of CD19"® EL-4. (D} Intra-cellular production of IFN=y by CAR T cells

when stumulated with various ettector targets expressing C 9.

18077] FIG. 14A-D: /n vivo efficacy of CAR T cells against CD19" NALM-6 cell
line in NSG (NOD.Ca-Pricd™ H2ro™ " Sz], NOD scid gamma) mice. {A-B) In a minimal
residual  disease model, NSG mice (n=S/group) were injected with 10° cells of
hRluc mKate' NALM-6 on day 0, followed by injection of T-cells (10'/mouse) intra-
cardiacally on day 1. Tumor burden was cvaluated by brolummescent imaging derived from
hRluc NALM-6 using EnduRen Live Cell Substrate over time. (C-D) For an established
tumor model, NSG mice (n=6/group) were injected with 1.5x10" ffLuc ' EGFP'NALM-6 on
day O and tumor was allowed to engratt for S days, tumor burden was ¢valuated and T cells
(10'/mouse) injected intracardiacally on day 6. Tumor flux was caleulated using
bioluminescent imaging from ffLuc NALM-6 using D-Luciferin substrate over time. False-

color 1magges representing photon flux and tumor-flux over timge 18 shown.,

3878 FEG. 15: The figure shows additional signaling molcecuies for CAR T-ceils.
Upper panel shows a membrane-bound IL-15/1L-15 receptor (mlil13) counstruct (the
polypeptide scquence for the construct is provided as SEQ 1D NO: 4). Lower panels are
schematics of signaling provided by the membrane-bound 1L-15/1L-15 receptor (lett panel)

and by CAR construct {right panci).

3879] FEG. 160 Stable co-expression of miL15 and CAR. Upper left panel shows a

representative flow plot of miILiIS+CARY T cells 24-hours post-clectroporation or from
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stimuiation 4 {(Stim 4}, Lower left pancl 1s a graph showing the percentage of ciectroporated
cells that express CAR or CAR and miL15. Upper rnight panel, graph shows the change
CAR T-cell number in culture following antipen withdrawal,  Studies were completed
without 1L-15, with added IL-15 complex or with cells co-expressing mil-15 and CAR.
f.ower right panel shows a graph of expression ievels for various transcriptional regulators in

CAR T-cells expressing mil-13.

3086) FIG. 17A-B: A, The figure shows luminescence mmaging of mice that were
injected with fthuct T cells either expressing CAR alone or in combination with mil-~-15. 1
cell maging was performed after injection of Luciterin respectively using Xenogen IVIS 106
series system. Shaded mmages represent photon fiux from ftluct T cells activity over tume.
B, Left pancl, graph shows cxpression levels of factors i culture mil-135-CAR T-cells m the
presence of antigen or after anfigen withdrawal (WD), Right panel shows a histogram of

CAR T cells and milL-15-CAR T-cells with and without stimulation.

(30K1] FIG. 18: /n vive control of tumor growth by CAR T-cells. The figure shows
lumunescence nagmng {upper panels) and guantitation (lower panel, graph) of muce that were
injected with hRELuc+ tumor cells. As mndicated, cortain mice were also mjected with T cells

cxpressing CAR or CAR and miL-15.

{G082] FIG, 19 Schomatic drawing illustrating T cells functioning as antipgen-
presenting cells (T-APC). T cells post autologous transplant as well as improve endogenous

long-term mymunity through both direct and cross-priming.

3083] FIG. 28 Graphuc representation of the Sleeping Beauty plasrmids used to
genetically modify human T-cells to express the tumor antigen NY-ESG-1. Constitutive
cxpression is driven by the hEF1-alpha promotor and sciection 15 achicved by propagating the

T-cells under 0.2 mg/ml. Hygrorayon.

{G084] FIG. 21 Expression of T cell costimaulatory molecules on K562 for use as

a AP,

3085] FIG, 22 Flow cytometry of human T-APC on Day 28 of co-culture on OKT3-
aAPC alter clectro-transter of 5B plasmud co-expressing FLAG-tagged NY-ESO-1 and

Hy' Tk

-~ 721 -



CA 029647785 2017-04-13

WO 2016/073755 PCT/US2015/059293

160861 FIG. 23: PBMC expanded on NY-ESO-1 T-APC {upper) vs K562 aAPC

{lower),

18087] FIG. 24: NY-ESO-1" CAR T cells expanded on NY-ESO-1"T-APC vs K562
aAP{.

(8088] FIG. 25 Inhibitory molecules on NY-ESO-1"T-APC after 3 stimulations.

(0089} FIG. 26: NY-ESO-1 miL-15 HLA-A2 T-APC propagated in the presence of
aAPC.

{3090] FIG. 27 T-APC cxpansion. The T-APC were successtully able 1o expand the

CAR T cells as well as the positive control, the K562-derived aAPC.

18091] FIG. 28 Chromium release assay showing killing of NY-ESO-17 U266
human multiple myeloma cell line by NY-ESQ-1 specific TCR and CAR™ T cells. The T-
cells were expanded on artificial activating and propagating cells {AaP{) dertved trom K362
and expresses HLA-AQZ and NY-ESO-1". Data represents two independent cxperiments
where the NY-ESO-1 specific CAR T-cells of 9-2-15 where propagated for 3 stims with
HELA-AZ/NY-ES0G-1 T-APC and 2 stims with AaPC K562 denived. The 9-2-15 CAR

contains the CDRa stalk while the previous one contained the g4 stalk.

30921 FIGS. 29A-298: FIG. 29A. TEM (fransmission clectron microscopy) 11mages
of gene modified T cells along with control T cells grown ex vivo 1n the presence of irradiated
K362 AaPC. An mcrcase m number of muochondna 18 seen in CAR modified cells (right
panel}y as compared to the unmoditied control cells {Ieft panel) activated under similar
conditions. FIG. 29B. Transmassion clectron microscopy (TEM) images {(scale 500 nm,
56,3300 X magmification) showing regular orthodox structure of miutochondria m unmodified

control T cclls as compared to condensed state of mitochondria in CAR-moditied T cells

propagating 1w culture at Day 35

3093] FIG., 38 £x vivo expansion of HER1-3 br-speaific CAR-T cells without co-
stimuiation. {ells were either unmodificd or CAR moditicd with CDZ28 and/ or CDB137 T-
cell signahing endodomain. Cells with the CD1I37 T-cell signaling endodomain survived
betier 1n culture as opposed to CAR T cells contaming CDZ8 signaling domain when no ¢o-

stimulation provided m culture. OKT3 stimulation for unmodificd control cells worked better
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may be because of higher signaling strength induced through CB3z. TEM images of CAR-T
cells targeting tumor antigen HER1-3 propagated ex vivo m the presence of K362 AaPC are
shown. This was aiso tested for other tumor antigen targeted CAKRs, such as ROR1, CD123,
and C19. Viable absolute T-cell numbers were counted by a Nexcelom Cellometer® using

Trypan blue hive/dead exclusion method.

18094] FIG. 31 5B plasmad constructs for fluorescent protein reporter. GRX2 15 the
mitochondnal localization segquence derived from GLERXZ {(Pubmed ID# NP 932066.1).

NLS 18 the nuclear localization sequence (Pubmed D% NM 17921},

3888] FIG. 32: Flow cytometry analysis of endogenous expression of EYEFP in
CAR modified cells. Emergence of CAR+ T cells with high EYFP i CDRI37-CAR T cells
orown without co-stimulation on Day 335 of culture. CID2E-T cells showed tewer or dimamer
EYFP-positive T cells. Flow cytometry was bascd on Fo stainmmg for CAR expression and

condogenous EYFP for mutochondnal strength,

3096] FIGS, 33A-338B: Mitochondnal biomass of HER1-3 Bi-speaific CAR-T cells
expanded with irradiated feeder cells (K562 AaPC) without T-cell co-stimulation. FlIG. 33A.
Transmission electron macroscopy (TEM) mmages {(scale 300 wnro, 15,000X magnification)
showing the distribution of mitochondria m unmodified T cells and T cells modified fo
cxpress a prototypical CAR targeting HER1I-HER3 {consisting of cither a CD28-CP3z or a
CD137-CP3z T cell signaling endodomam ). FIG. 33B. Average numbers of mutochondria per
cell are represented m the bar graph. Overall CAR-T cells with the CD137 T cell signaling
domain showed mcrease in biomass atter Day 21 of culture as compared to CAR-T cells

containing the CD2¥ signaling domain.

Y

80971 FIG. 34:  /n viro cviotoxicity of hugh encrpy T celis {¢T). High-cnergy i
cells sorted for high mutochoundrial mass were found to retain oytotoxic abihity as evidenced
by specific killing of tumor antigen positive breast cancer cellis. The data are from a
chromium release assay performed on Cr-labeled HER -3 T cells agaiust breast tumor Hines
positive  for specific antigens, which were lysed by CAR T cells with high

EYFP/rartochondnal strength,

098] FIG. 35: Fluorescence microscopy tmages of unmodificd and CAR-modified
1 cells expanded ex vivo 1n the presence of wrradiated feeder cells (K562 AaP{) with munimal

activation and complete absence of co-stimulation. CAR-T cells contaming CDI37 T cell
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stignaling endodomain showed higher distribution of mitochondrial mass as observed from
fluorescence signal mitensity emanating endogenously from the reporier protem (EYFP-
GRX2Z). The number of metabolically active T cells was significantly higher in CAR-T cells
contaimng the CB137 T cell signahing endodomain as corapared to CAR-T cells contamning

the CD¥ signaling domain. This was consistent, irrespective of donor or CAR types.

3099] FIG. 36: Pattern of mitochondrial distribution 1n ex vive expanded CAR-

modificd T cells grown in the presence of wrradiated feeder cells (K562 AaP(C).

30100 FIGS, 37TA-37B:  Integrated morphometry analysis of fhuorescence
mIcroscopy umages show a heterogencous population of CAR-modified T cells based on
mitochondrial strength within gene modificd T-ccll groups representing a particular signaling
endodomaim (HERI-HER3 CD137-CD32 T cells). FIG. 37A. Population variation of EYFP-
Mito among HER1-3 CD137 CAR™ T cells. FIG. 37B. Average intensity of EYFP-Mito
among HER1-3 CD137 CAR' T celis.

0101 FI{e. 38 Transrmssion electron mucroscopy {(TEM) moages of CARA+T
cells grown on universal K562-AaP{(. Images are from day 14 of the study described n

Example R,

01021 FiG, 39 Growth kinetics of RORI-CAR T cells on universal K562-
AaPC. CAR-T cells contamning CD28 signaling rapidly underwent apoptosis (left chart),

whereas CAR-T cells contaming CID 137z signaling persisted longer (right chart),
DETAILED DESCRIPTION

301031 Chmnical trials have demonstrated anti-tumor effects 1 patients that
have recetved genetically modified T-cells. For example, CAR-T cell therapy has been shown
to deliver meaningful remuission in human patients affhicted with advanced B-cell
mahgnancies (Maude ef ¢/, 2014). CAR-T cells have the requisite specificity and oytotoxic
ability to scek and destroy tumor cells in the body and can persist long enough to prevent
relapse. Thas classic sttuation of senal killmg {one T-cell kilhing multiple tumor cells without
undergoing anergy) has been shown recently in scveral patients treated under various Phase i
trials {Corngan-Curay ¢f @f., 2014). However, a uniform and unambiguous chmeally relevant
outcome 1s yet to emerge across CAR design, CAR T-cell endodomain, spacer length usage,

atfimity of the scFv, etc {Jena ef g/, 2014). This 15 compounded again by variable tumor
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burden and tumor types among patient population sceking treatment through CAR-T cell
infusion. H 18 a major chalienge to design a therapeutically eftective CAR coustruct, and
ultimately a gene-moditied T-cell population, that will remit clinically relevant results
{without signmificant foxicity) across the entire spectra of tumors types, furnor stages, and

patient population.

FHIELIEY Studies detatled herein identify key elements that play a role m CAR
T-ccl persistence, which can affect the ctficacy of the T-cells and potential toxicity {e.g.,
from off-target cytotoxic activity). In particular, i1t 18 shown that the ability of the CAR
polypeptides to be bound by Fe receptors modulates the persisience and anti-tumor efficacy
of the T-cells. Thus, CAR T-cell efficacy {and in vivo persistence) can be altered by changing
Fc receptor binding propertics of the CAR polypeptides expressed on the T-cells.  For
example, F¢ receptor binding sequences, such as from human tmrounoglobulin constant
regions, can be included mm a CAK to reduce persistence and control potential toxicity of the
T-cells. Conversely, CAR polypeptides may be modified to remove Fo receptor-binding
clements to increase in vivo persistence and enhance ctficacy of CAR T-cells. Thus, the
CAR polypeptides, CAR T-cells and methods detaded herem allow for the tine-tunung of
CAR T-cell persistence (by adyjusting Fc receptor binding) to control efficacy and toxicity of

CAR T-cell therapies.

301057 In a further embodiment, engmecred antigen presenting cells (APCs)
are provided that comprise a transgene encoding a target antigen and a transgene encoding a
human leukocyte antigen (HLA)Y. In some aspects, the enginecred APCs may additionally
COMPrise one or more transgenes encoding a co-stimulating factor {such as {L-13}). Such
engineered APCs may be used for example i ex vive methods for expansion of T-cells {e.g.,
CAR T-celis) or may be admumstered to a subject to stimulate growth of antigen-specific T-
ceils in vive. Thus, cells provided herein may be used to stumulate growth of antigen-specific

T-cells to for treatment of a disease {e.g., cancer).

01061 Further embodiments disclosed herein provide imumune effector cells

with or selected tor SRC, which may provide enhanced therapeutic properties. Cells with a

4

high mitochondrial biormass are referred to heremn, for example, as “energy T cells” or “¢T

22

cells.” Swnce increased persistence of gene-modified mmune cffector cells positively
corrclates with mmproved therapcutic potential, mmmune cells such as encrgy T cells are

predicted to perform better than bulk gene-modified T cells. In addition, the mihience of a
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multitude of variables on CAKR design, and thus CAR cttficacy, could be harnessed it long-
term surviving CAR-T cells could be wdentitied pre-mnfusion based on rmtochondnal strength
{(i.e., sparc respiratory capacity or SRO). Thus, mitochondnal strength may help with
selecting/sorting the best serial T-cell killers wrrespective of CAR endodomam use, CAR
construct design, spacer length, and atfinity of the schv, thereby reducing the translational
hurdie to optimmze a CAR design that 15 sutted for a parbicular turnor antigen and tumor type.
Picking the best T cells {e.g., those with the greatest survival potential i a tumor
microcnvirorument} pre-infusion may be advantageous i multiple situations.  As such, a
method s provided to measure the “hitness” of CAR+ T cells using a reporter fluorescent
protein {(e.g., EYFP-GRXZ), which 15 quantifiablc and correlates with ritochondnal SR,
which m turn ndicates the wetabolic ability of genetically-modified T cells 1o survive
unfavorable conditions of low oxygen, absence of specific nutrients for giyeolysis and

activation mduced cell death caused by high load tumor antigens.

0107 Furthermore, seleching fewer, more potent CARA+ T celis {or wnfusion
may help reduce or cven abrogate T cell-associated toxicity post-infusion. Limiting the
number of cells needed for miusion will lessen the burden of growing large numbers of
dithicult-to-grow, patient~-derived autologous T cells for genetic modification. For example,
in mcthods of adoptive cell therapy, the use of low numbers of amune effector cells, such as
T cells, to et high anti-tumor killing may be desirable. The use of low numbers of T cells
may nmnirmize nfusion-related toxicity arising out of CAR-modified T ceill mfusion,
Furthermore, 1t may be preferred if infused cells survive longer in vive thereby preventing
tumor relapse. In both of these situations, the present mcthods of identifving, selecting, and

miusing high encrgy CAR-~-modified T cells will be benehicial,

G0108] There 18 heterogeneity m mutochondrial distribution as well as SR
among CAR-modified T cells for any particular batch. Thus, it selected caretully, fewer cells
can achieve sirorlar results in vive as compared to a bulk population. This would be helptul
tor tumors where (1} the CAR cannot distinguish between normal versus tumor associated
antigens and hence miusion of fewer cells 18 desirable, (1) expansion of patient-dernived
autologous T cells 18 difficult due to an mhbherent deformity n original cell population, (11t
Iimited persistence of CAR-modificd T cells in vive after mfusion 18 deswred. Methods to
determine SRC/muitochondrial strength can be based on labeling cells using a muto-tracker

dve {(Invitrogen) or sitmilar post-modification method where retrieval of cells for clinical
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appiication 18 not possible. Other methods to determine mitochondrial strength, such as
reasuring oxygen consumption or exiraccllular acidification, measure the strength of bulk
cells rather than the strength of mdividual cells, which also lack clinical application.  As
provided herein, a non-viral DNA electroporation method may be used to wmodity the ettector
ceils, such as T cells simultancously for CAR expression and SKO identification.
specitically, w order to select ¢ cells, expression of a fluorescent mutochondriai~-directed
reporter protein m cells along with a CAR molecule can be achieved by Sleeping Beauty-
mediated transposition, g4 non-viral DNA bascd gene delivery systern that has been adaptec
for chimical translation. Flow cytometry-based sorting of ¢ cells afier gene modification and
ligand-stimulated K562-based co-culture can be performed under GMP conditions, is
amenable to translation, and can be readily adapted m the chimic. In summary, metabohically
active T cells (e cells) that can deliver desirable anti-tumor efficacy may be gencrated by
combinung clhimacally relevant approaches to genetically modity T cells, expanded to large
numbers using wradiated K562-based co-culture with munimal activation, and identified

based on expression of a Hiuorescent reporier protein.

{. Definitions

G010V As used herem the specification, “a” or “an’ may mean one or yore.
As used herein in the claim{s), when used in conjunction with the word “comprising”, the

words “a” or “an” may mean one or more than one.

HIEEL The use of the termn “or” i the claums 18 used to mean “and/or’” unless
explicttly indicated to refer to alternatives only or the alternatives are mutually exclusive,
although the disclosure supports a definition that refers to only alternatives and “and/or.” As

used herein “another” may mean at ieast a second or more.

80111 FThroughout this application, the term “about’” 1s used to mdicate that a
valuc mcludes the mherent vanation of crror for the device, the method bemng eraploved to

determuine the value, or the variation that exists among the study subjects,

0112 As used herem, the term “antigen” 18 a molecule capable of being
bound by an antibody or T-cell receptor. An antigen i1s additionally capable of mducing a
humoral tmmune response and/or celiular immune response leading to the production of B

and/or T lymphocvtes.
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USR] As used herem the term “anti-tumor effective amount” refers o an
ctiective aroount of CAR-expressing mmamune etfector cells to reduce cancer cell or tumor
orowth or to decrease tumor volume or number of tumor ceils in a subject.  “An anti-tumor
etfective aroount” can also refer to an effective amount of CAR-expressing immune ettector
ceils to increase life expectancy or to alloviate physiological etfects associated with the tumor

O CantCer,

il. Chimeric Antigen Keceptors and Components
00114 Chimeric antigen receptor voolecules are recombinant fusion protemn

and arc distinguished by their ability to both bind antigen {e.g., HERI/HER3) and transduce
activation signals vig mmmunorcceptor activation motifs (ITAM's) present m  ther
cvioplasmiuc tails.  Receptor constructs utilizing an antigen-binding moeiety {(for example,
oenerated from singic cham antibodics {(scFv) aftord the additional advantage of being
“universal’” i that they bind native antigen on the target cell surface m an HLA-mndependent

fashion.

301 15] A chimeric antigen receptor according to the embodiments can be
produced by any means known i the art, though preferably it 1s produced using recombinant
DNA techniques. A nucleic acid sequence encoding the several regions of the chimeric
antigen receptor can be prepared and assembled mio a complete coding sequence by standard
techniques of molecular cloning {(genonic library screening, PCR, primer-assisted higation,
scFv librarics from veast and bacteria, site-directed mutagenesis, ¢tc.). The resulting coding
region can be mserted nto an expression vector and used o transiorm a suitable expression

host allogencic or gautologous tmmmunc effector cells,

301161 Embodiments of the CARs described heremm include nucleic acids
encoding an antigen-specific chimenc antigen receptor (CAR) polypeptide, mcluding a
comprising an mntracellular signahing domain, a transmembrane domain, and an oxtraceliular
domain comprising one or more signaling motifs. In certain embodiments, the CAR may
recognize an eptiope comprised of the shared space between one or more antigens, In some
embodiments, the chimeric antigen receptor comprises: a) an mfraceliular signaling domain,
b} a transmembrane domain, and ¢} an extraceliular domain comprising an antigen binding
domain,  OUptionally, a CAR can comprisec a hinge domam posttioned between the
transmembrane domain and the antigen binding domain. In certain aspects, a CAR of the

embodiments further comprises 4 signal peptide that directs expression of the CAR to the cell
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surtace. For cxampile, in some aspects, a CAR can comprise a signal peptide from GM-CSF

00117 In certain embodioents, the CAR can also be co-expressed with a
membrane-bound cyiokine to improve persisience when there 15 a low amount of tumor-

associated antigen. For example, CAR can be co-expressed with membrane-bound 11-13.

0118 Dependmg on the arrangement of the domams of the CAR and the
specific sequences used m the domans, mmune efiector celis expressing the AR may have
ditferent levels activity agamst target cells. In somc aspects, different CAR sequences may
be introduced nto mmmune effector cells (o generate transgenic cells, the transgenic cells
selected for clevated SRCU and the selected cells tested for activity to wdentify the CAKR

constructs predicted to have the greatest therapeutic efficacy.

A, Antigen binding domain

{30119 In certain cmbodiments, an antigen binding domain can comprise
complementary determining regions of a monocional anfibody, variable regions of a
mongocional antibody, and/or antigen binding fragmeuts thereof. In another embodiment, that
speciiicity 18 derived from a peptide {e.g., cytokine) that binds to a receptor. A
“complementarity deterrmiming region (CDR}Y 18 a short aming acid sequence found 1o the
variable domains of antigen receptor {e.g., immunogiobulin and T-cell receptor) proteins that
complerents an antigen and therctore provides the receptor with us speailicity for that
particular antigen. Each polypeptide chain of an antigen receptor contains three CDRS
(CDR1, CDR2, and CDR3). Since the anfigen receptors are typically composed of two
polypeptide chains, there are six CDRs for cach antigen recepior that can come mto contact
with the antigen -- cach heavy and hight chain contamns three CDRs. Because most secquence
variation associated with immunogiobuling and T-cell receptors are found 1n the CDRs, these
regions are soranctimes referred 1o as hypervariable domains. Arong these, CDR3 shows the
oreatest vartability as it 18 encoded by a recombmnation of the VI (VI in the case of heavy

chain and TCR ¢ff chamn) regions.

{301 20 it 18 contemplated that the CAR nucleic acids, in particular the scFv
sequences are human genes to enhance celiular ymmunotherapy for human paticots. In a
specific embodiment, there 18 provided a full length CAR ¢DNA or coding region. The

antigen binding regions or domains can coraprise a fragment of the VH and VL chamns of a
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sitngie-chain variable fragment {sckFv) denved from a particular mouse, or human or
humanized monoclonal antibody. The {ragment can also be any number of differcot antigen
binding domains of an antigen-specific antibody. In a more specific cmbodiment, the
fragment 18 an anthigen~specilfic schv encoded by a sequence that s optimuzed for human
codon usage for cxpression in human cchis. In certain aspects, VH and VL domains of a CAR
are separated by a hinker seguence, such as a Whitlow linker {see, ¢.g., SEQ 1D NG 20}
CAR constructs that may be modified or used according to the embodiments are also
provided m International (PCT) Patent Publication No. WO/2015/123642, mmcorporated

herein by reference.

801211 in some specitic examples the antigen binding domain of a CAR 1s
specific for binding to HERZ2/Neu (Stancovskr ef @f., 1993), ERBBZ {(Monitz ef gf., 1994},
tolate bimdmg protemn (Hwu ef ¢f., 1993), a renal cell carcinoma (Wetjens ef af., 1996), and
HIV-1 envelope glycoproteins gpl20 and gpdl (Koberts ef ¢/, 1994). Other celi-surface
target antigens that could be bound by a CAR mclude, but are not hmted to, CD20,
carcingembryonic antigen, mesothelin, RORIE, c-Met, C56, GDZ, GD3, aictoprotein, D23,
CDP30, CD123, H-11Rg, w cham, A cham, CD70, CA-125, MUC-1, EGFR and varuants,

cptthelial tumor antigen, and so forth.

122 In certain emboduments of the chimeric antigen receptor, the antigen-
specific portion of the receptor (which may be referred to as an extracellular domamn
comprising an antigen binding region) comprises a HERT/HER3 binding domam as detaiied
hercin above. In some aspects, for example, the HERI/HERS binding domain comprises one
of the sequences provided m ULS. Patent Publication No. 2812/G121596, mcorporated herein

by reference.

B. Hinge domain

301231 in certain aspects, a CAR polypeptide of the embodiments can include
a hinge dorsamn positioned between the antigen binding domamn and the fransmembrane
domain. In some cases, a hinge domain may be included i CAR polypeptides to provide
adequate distance between the antigen binding domain and the cell surface or to alleviate
possible steric hindrance that could adversely afifect antigen binding or cifector function of

CAR-gene moditied T cells.
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30124 in some cases the CAR hinge domamn could be derived from human
immunogiobuiin (Ig) constant region or a portion thercot mcluding the Ig hinge, or from
human CD¥ o transmembrane domain and CD8a-hinge region. In one aspect, the CAR hinge
domain can comprise a mnge~-UH,-CHa region of antibody isotype igly.  In some aspects,
point mutations could be mfroduced n antibody heavy chamn CH; domam to reduce
clycosviation and non-specific Fe gamma receptor binding of CAR-T cells or any other

CAR~-moditied cells.

{301 25] In certaim aspects, a CAR hinge domain of the embodiments comprises
an Ig Fc domain that comprises at lcast one mutation relative to wild type Ig Fe domain that
reduces Fe-receptor binding. For example, the CAR hinge domain can comprise an IgG4-Fo
domain that comprises at icast onc mutation relative to wid type Ig(G4-F¢ domamn that
reduces Fe-receptor binding.  In sormne aspects, a CAR hinge domam comprises an lgl4d-F¢
domain having a numtation {(such as an amino acid delction or substitution} at a position
corresponding to L2335 and/or N297 relative to the wild type lglG4-F¢ sequence.  For
cxample, a CAR hinge domam can comprise an Ig(G4-F¢ domain having a L233E and/or a
NZ97( mutation relative to the wild type 1gG4-F¢ sequence. In further aspects, a CAR hinge
doman can compnse an Ig(G4-Fc domain having an amino acid substitution at position L2335
tor an amino acid that 1s hydrophihic, such as B, H, K, D, E, S, T, N or Q or that has sumlar
propertics to an “E” such as B, In certamn aspects, a CAR hinge domaim can comprise an
{eG4-Fo domain having an amino acid substitution at position N297 for an amino acid that
has similar properties to a “Q7 such as § or T. In a further aspect, a CAR hinge domain
compriscs a mutation at 4 position corresponding to L2335 and/or N297 relative to the wild

tvpe lg(d-Fo sequence and 1s about 90% wdentical to SEQ 1D NQO: 1 or SEQ 1D NO: 10,

30126] fn certain specific aspects, the hinge domaim compnses a sequence that
1s about 85%, 90%, 91%, 92%, 93%, 94%, 953%, 96%, 97%, 98%, 99% or 100% identical to:
an fgG4a-Fe domamn of SEQ D NO: 1 or SEQ 1D NO: 10, a CD¥a extracelhular domamn of
SEQ D NO: 20 or a synthetic hinge sequence of SEQ 1D NGO 3.

Ce Transmembrane domain
301271 the antigen-spectfic extraccllular domamm and the intraccliular

signaling-domain roay be bnked by a transmembrane domam. Polypeptide sequences that
cann be uscd as part of transmemebrane domain inchuide, without Iimitation, the human CD4

transmembrane domain, the burnan CD22 transmmembrance domain, the fransmembrane human

231 -
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CB3C domam, or a cystemne mutaied human CB3C domain, or other transmembrane domains
from other human transmembrane signaling proteins, such as CD16 and CD¥ and
erythropotetin receptor. In some aspects, for example, the transmembrane dormain coruprises
onc of the scquences provided mn U.S. Patent Publication No. 2014/0274909 or 1.8, Patent
No. 8,906,682, both 1mcorporated heremn by reference.  In certam specific aspects, the
transmembrane domain can be 85%, 90%, 91%, 92%. 93%, 94%, 95%., 96%, 97%. O88%,
99% or 100% wdentical to a CDR ¢ transmerabrane domain of SEQ HY NO: 19 or a (32K

transmembrane domain of SEQ 1D NG: 12

i3 intraceliuniar signaling domain
{301 28] The mtracellular signabing domain of the chimeric antigen receptor of

the ecmbodiments 1s responsible for activation of at feast one of the normal cifector functions
of the immune cell cngineered to cxpress a chimeric antigen receptor. The term “effector
function” refers to g specialized tunction of a ditterentiated cell. Effector function of a T cell,
tor example, may be cytolyviic activity or helper activity including the secretion of cytokines.
Effector function in a naive, memory, or memory-type T cell mcludes antigen-dependent
proliferation. Thus the term “wmtraceliular signaling domain” refers to the portion of a protein
that transduces the effector function signal and directs the cell to perform a specialized
tunction. ln some aspects, the mtracellular signaling domain 18 derived from the wmiracelinlar
signaling domain of a native receptor. Examples of such native receptors include the zeta
chain of the T-cell receptor or any of 1ts homologs {e.g., ¢ta, delta, gamma, or epsilon}, MBI
chamm, B29, Fc RIll, Fc¢ Rl and combinations of signaling molecules, such as CD3( and
CDZ3, CD2Z7, 4-1B8, DAP-1G, OX40, and combinations thereot, as well as other simular
molecules and fragments. Intracellular signaling portions of other mmembers of the famualies of
activating proteins can be used, such as FoyRIH and FceRIL  Sec Gross ef gl {(1992),
Stancovskl ef af. (1993), Moritz ef ¢f. (1994, Hwu ef @l (1993), Wentens ef af. (1996), and
Hekele ef af (1996) tor disclosures of T-cell receptors using these alfernative transraembrane
and nfraceilular domams. Whie usually the entire mwitracetiular signaling domamn will be
cmploved, 1 many cases it will not be necessary to use the entire mtraccliular polypeptide.
To the extent that a truncated portion of the 1ntraceliular signaling domain may find use, such

truncated portion may be used in place of the mtact chain as iong as 1 still fransduces the

e

ctfector function signal. The term “intraceliuiar signaling domain™ 1s thus meant to include a

truncated portion of the imtracellular signaling domaim sufficient to transduce the effector
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tunction signal, upon CAR binding to a target. In g preferred embodiment, the human CD3C
intraccliular domain 1s used as the intracellular signaling domamn for a CAR of the

embodiments.

30129] in speaific embodiments, ntracellular receptor signahng domaimns mn
the CAR mclude those of the T cell antigen receptor complex, such as the { chain of CD3,
also oy RIH costimulatory signahing domains, CD2E, CD27, BAPIQ, CD137, OX40, CD2,
alone or m a scrigs with CD3(, for cxample. In specific embodiments, the mtraccliular
domain {which may be referred {0 as the cytoplasmic domain) comprises part or all of one or
more of TCRE cham, CD2E, CD27, OX40/CD134, 4-1BRB/CD137, FeeRly, ICON/CDZTE, 1L-
2RP/CDI122, 1L-2Ro/CIR132, DAPLD, DAPIZ, and CDR40.  In some cmbodiments, one
employs any part of the endogenous T cell receptor complex 1o the mitracetiular domaimm. One
or multiple cytoplasmic domains may be cmployed, as so-called third generation CARS have
at least two or three signahing domams tused together for additive or synergistic effect, for

example.

31301 In some cmbodiments, the CAR comprises additional other
costimulatory domains. Other costinnilatory domains can include, but are not limited to one
or more of CDZE, CD27, OX-40 (CD134), DAPIO, and 4-1BB (CD137). In addition to a
primary signal mttated by B3, an additional signal provided by a human costimulatory
receptor mserted 1o a human CAR 1s smportant for full activation of T cells and could belp

IMprove in vivo persistence and the therapeutic success of the adoptive immunotherapy.

801311 . In certain specific aspects, the intraceilular signaling domaimn
coraprises a sequence 85%, 9%, 91%, 92%, 93%, 949%, 95%, 96%, 97%, 98%, 99% or
13(% 1dentical to a CD3( mtracellular domain of SEQ 1D NO: 13, a CD2¥ mtraceliular
domain of SEQ 1D NGO 17 or a CD 37 intracclular domain of SEQ 1D NO: 15,

§{l. Vectors and Cell engingering

0132 in particular cmbodiments, isolated nucicic acid scgments and
expression cassettes mcorporating DNA sequences that encode transgenes are provided. For
cxample, the transgene can cncode a CAR polypeptide.  In further aspects, a transgenc
concodes a target antigen (or an epitope thercot) and/or a HLA polypeptide. In turther aspects,
a transgene encodes mutochondral reporter transgene, such a reporter polypeptide {e.2., a

fluorescent reporter) comprising a mutochondna localization signal..



CA 029647785 2017-04-13

WO 2016/073755 PCT/US2015/059293
30133 As will be appreciated by one of skill in the art that, in some instances,

the coding sequence for a foew armno acids at the ends of an encoded transgene may be
deleted. For exampie, 1n the casc of a transgene encoding a CAR, the coding sequence for a
few amino acids of the antigen bimdmg domain i the CAR can be deleted without affecting
cither specificity or effector binding affinity of the molecuies, usually not more than 10, more
usually not more than 3 resudues, for exaraple. Also, it may be desirable to mtroduce a small
number of amino acids at the borders of a transgene coding sequence, usually not more than
10, more usually not more than S residues. The deletion or msertion of amino acids may be
as a result of the needs of the construction, providing for convenient restriction sites, ease of
mantpulation, improvement m levels of expression, or the like. In addition, the substitute of
one or more ammo acids with a dufferent armino acid can occur {or similar reasons, usually
not substituting more than about 5 amino acids in a transgene coding sequence {€.g., n any

domain of a CAR)}

30134 The transgenic constructs according to the cmbodiments can be
preparced in conventional ways. Because, for the most part, natural seguences may be
cmployed, the natural genes may be 1solated and mampulated, as appropriate, so as to allow
for the proper joming of the various components. For example, 1n the case of a CAR, the
nucleic acid seguences encoding for the N-ferminal and C-termunal protemn components of the
chimeric antigen receptor can be 1solated by employing the polymerase chamn reaction (PUR ),
using appropriate primers that result in deletion of the undesired portions of the gene.
Alternatively, restriction digests of cloned genes can be used to generate the chimeric
construct. In either case, the scquences can be sclected to provide for restriction sites that are

blunt-ended, or have complementary overlaps.

30135] The varnous manipulations for preparing the fransgenic construct can
be carried out iz vifro and 1n particular embodiments the chimeric construct 1s mtroduced mio
vectors for cloming and expression i an appropniate host using standard transtormation or
transtection methods., Thus, atter cach mamipulation, the resulting construct from joinmg of
the DNA sequences 1s cloned, the vector 1solated, and the scquence screened to ensure that
the sequence encodes the desired transgene {e.g., a chimeric antigen receptor) and expression
control sequences. The scguence can be screened by restriction analysis, sequencing, or the

ke,
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30136 Vectors of the embodiments designed, primarily, to deliver desired

cenes 1o immune cells, preferably wmmune effector cells {e.g., T cells) or APCUs, under the
control of regulated eukarvotic promoters. Promoters that can be used according to the
embodiments inciude, tor exarple, MNDUJ promoter, UMV promoter, EFlo promoter, or
Ubiguitin promoter. Also, the vectors may contain a seiectable marker, 1t for no other reason,
to tacihitate thewr mampulation in vitro. In other embodiments, the transgene {e.g., a CAR)

can be expressed from mRNA in vitro transcribed from a DNA template.

{33137 In an exemplary nucleic acid construct (polynucicotide} employed
according to the cmbodiments, the promoter 18 operably hinked to the nucicic acid sequence
encoding a transgene of the ecmbodiments, fe., they are positioned s8¢ as to promote
transcription of the messenger RNA from the BNA encoding the transgene. The promoter
can be of genomic onigin or synthetically generated. A vaniety of promoters for use in T cells
are well-known 1n the art {e.g., the CD4 promoter disciosed by Marodon et af. (2003)). The
proraoter can be constitutive or inducible, where mduction 1s associated with the specitic ceil
type or a specific level of maturation, for example. Alternatively, a number of weli-known
viral promoters are also suttable. Promoters of mterest mclude the B-actin promoter, SV4{
carly and late promoters, immuneglobulin promoter, human cytomegalovirus promoter,
refrovirus promoter, and the Friend spleen focus-forming virus promoter. The promoters may
or may not be associated with enhancers, wherein the enhancers may be naturally associated

with the particular promoter or associated with a different promoter,

30138 The sequence of the open reading frame encoding the transgene can be
obtatned from a genomic DNA source, a CDNA source, or can be syanthesized {e.z., via PCR),
or combinations thereof. Depending upon the size of the genomic DNA and the number of
mtrons, it may be desirable to use ¢cDNA or a combination thercot as it 18 found that itrons
stabilize the mRNA or provide T cell-specific expression {Barthel and Goldield, 2003}, Also,
it may be further advaniageous o use endogenous or exogenous non-codmng regions 1o

stabilize the mRNA.

{0139 For expression of a fransgene of the embodiments, the naturally
occurring or cndogenous transcriptional mitiation region of the nucleic acid scquence
encoding transgene can be used to generate the chimeric antigen receptor n the target host,
Alternatively, an cxogenous transcriptional mitiation region can be used that allows for

coustitutive or mducible expression {e.g., a tet-on or tet-off promoler system), wherein
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cxpression can be controiled depending upon the target host, the level of expression desired,

the nature of the target host, and the hke.

30140] Likewise, 1o some cases, a signal sequence directing the polypeptide
encoded by the transgene to the cell surface mav be used. In some cases, the signal sequence
is the signal sequence present wn the native version of a transgene. Uptionally, m some
instances, it may be desirable to exchange this sequence for a different signal sequence.
However, the signal sequence selected should be compatibie with the sceretory pathway of
the cell used tor expression of the transgene {e.g., T cells) so that the transgene 1s presented

on the surface of the ¢ell.

0141 Siilarly, a termnation region may be provided by the naturally
occurring or endogenous transcriptional termunation region for the native version of the
transgene. Alternatively, the termunation region may be dentved from a different source. For
the most part, the source of the termination region 18 generally not considered to be ¢nitical to
the cxpression of a recombinant protein and a wide variety of fermination regions can be

employed without adversely attecting expression.

03142 it is contemplated that transgenes constructs, such as CAR expression
constructs, can be mtroduced mio the subject’'s own cells {or mito cells from a different donor
subject} as naked DNA or m a suitable vector. Methods of stably transtecting cells, such as T
cells, by electroporation using naked DNA are known in the art.  See, for example, U.S. Pat.
No. 6,410,319, mcorporated hercin by reference. Naked DNA generally refers to the DNA
encoding a transgene {e.g., chimeric anfigen receptor) of the present embodiments contamned
in a plasmid cxpression vector i proper orientation for expression. Advantageously, the use
of naked DNA can reduce the time required to produce cells expressing the transgene of the

embodiments.

301431 in further aspects, transgene constructs can be mftroduced into colls
using a transposon-based system to mediate miegration of the transgene {¢.g., CAR) construct
into genomic DNA of the cells. Generally, such methods will 1nvoive miroducing mio cells
(1} a first vector ¢ncoding the fransposase {or a transposase polypeptide) and {11} a second
vector encoding a desired transgene expression clement that 1s tlanked by transposon repeats.
Transposons or transposable clements include a (short) nucleic acid scquence with termunal

repeat sequences upsiream and downstream thereof and oncode enzymes that facilitate the
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