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METHODS AND COMPOSITIONS FOR
CELLS EXPRESSING A CHIMERIC
INTRACELLULAR SIGNALING MOLECULE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority under 35
U.S.C. § 119(e) to U.S. Provisional Patent Application No.

62/211,295, filed Aug. 28, 2015, which 1s incorporated
herein by reference in 1ts entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] This invention was made with government support
under CA120409-07 awarded by the National Institutes of
Health. The government has certain rights in the invention.

BACKGROUND OF THE INVENTION

[0003] During growth of a tumor, the tumor rapidly out-
grows 1ts blood supply, leaving portions of the tumor with
regions where the oxygen concentration 1s significantly
lower than in healthy tissues. Hypoxic microenvironements
in solid tumors are the result of the consummation of
available oxygen by rapidly proliferating tumor cells, thus
limiting the amount of oxygen available to difluse further
into the tumor tissue. In order to support continuous growth
and proliferation in challenging hypoxic environments, can-
cer cells have developed mechanisms to alter their metabo-
lism. Thus, hypoxia i1s associated with increased tumor
resistance to chemotherapy and radiation treatment.

[0004] Many conventional reactive chemotherapies are
not able to penetrate into hypoxic zones that are located at
a distance from the blood vessels. Moreover, chronic hyp-
oxia limits cancer cell proliferation, rendering the quiescent
tumor cells 1n the hypoxic region of the tumor less suscep-
tible to conventional antiproliferative agents, which typi-
cally target actively dividing cells in close proximity to the
blood vessels. Under conditions of cell hypoxia, genomic
instability can lead to tumor cell variants that can survive 1n
an oxygen depleted environment through clonal selection
and expansion. This clonal expansion can lead to tumor
progression, metastasis, acquired resistance to chemo-
therapy, and treatment failure that compromise clinical out-
COmes.

[0005] Given the role hypoxia plays 1in tumor progression,
metastasis, and resistance to therapy, and ultimately treat-
ment failure, a need exists for more effective methods to
combat cancer cells that are resistant to therapy. The present
invention satisfies this need.

SUMMARY OF THE INVENTION

[0006] As described herein, the present invention relates
to compositions, methods and uses for metabolically
enhanced T cells. One aspect of the invention includes a
metabolically enhanced T cell comprising a chimeric intra-
cellular signaling molecule. The chimeric intracellular sig-
naling molecule comprises an intracellular domain of a
co-stimulatory molecule and substantially lacks an extracel-
lular ligand-binding domain. The metabolically enhanced T
cell expresses the chimeric intracellular signaling molecule.
[0007] In another aspect, the mvention includes a meta-
bolically enhanced T cell comprising a chimeric intracellular
signaling molecule, wherein the chimeric intracellular sig-

Jan. 25, 2024

naling molecule comprises an intracellular domain of a
co-stimulatory molecule and a non-antigen binding extra-
cellular domain comprising a Fc of IgD or IgA. The meta-
bolically enhanced T cell expresses the chimeric intracellu-
lar signaling molecule.

[0008] In yet another aspect, the invention includes a
method for generating a metabolically enhanced T cell. The
method comprises introducing a nucleic acid sequence
encoding a chimeric intracellular signaling molecule 1nto a
T cell. The nucleic acid sequence comprises a nucleic acid
sequence of an intracellular domain of a co-stimulatory
molecule and substantially lacks an extracellular ligand-
binding domain. At least one co-stimulatory molecule on the
T cell 1s stimulated. Stimulation activates the chimeric
intracellular signaling molecule, thereby metabolically
enhancing the T cell.

[0009] Another aspect of the invention includes a popu-
lation of metabolically enhanced T cells comprising a chi-
meric intracellular signaling molecule. The chimeric intrac-
cllular signaling molecule comprises an intracellular domain
of a co-stimulatory molecule and substantially lacks an
extracellular ligand-binding domain.

[0010] In various embodiments of the above aspects or
any other aspect of the invention delineated herein, expres-
sion of the chimeric intracellular signaling molecule meta-
bolically enhances the T cell. In another embodiment,
expression of the chimeric intracellular signaling molecule
improves cytotoxicity and resistance to immunosuppression
when 1n a tumor microenvironment.

[0011] In yet another embodiment, the metabolically
enhanced T cell further comprises a bispecific antibody. In
another embodiment, the bispecific antibody comprises a
first antigen binding domain that binds to a first antigen and
a second antigen binding domain that binds to a second
antigen. In still another aspect, the first antigen binding
domain of the bispecific antibody binds to a target cell and
the second antigen binding domain binds to an activated T
cell. In another embodiment, the bispecific antibody com-
prises an antigen binding domain comprising a first and a
second single chain variable fragment (scFv) molecule.

[0012] Another embodiment includes a pharmaceutical
composition comprising the metabolically enhanced T cell
of the present invention and a pharmaceutically acceptable
carrier. Yet another embodiment includes se of the meta-
bolically enhanced T cell of of the present invention in the
manufacture of a medicament for the freatment of an
immune response in a subject 1n need thereof. Still another
embodiment includes a method of treating a disease or
condition associated with enhanced immunity 1n a subject
comprising administering to the subject a therapeutically
ellective amount of a pharmaceutical composition compris-
ing the metabolically enhanced T cell of the present inven-
tion. Another embodiment includes a method of treating a
condition in a subject, comprising administering to the
subject a therapeutically effective amount of a pharmaceu-
tical composition comprising the metabolically enhanced T
cell of the present mmvention. Yet another embodiment
includes a method for stimulating a T cell-mediated immune
response to a target cell or tissue 1n a subject comprising
administering to a subject a therapeutically effective amount
of a pharmaceutical composition comprising the metaboli-
cally enhanced T cell of the present invention.

[0013] In certain embodiments of the methods claimed
herein, the nucleic acid sequence 1s selected from the group
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consisting of a DNA and an mRNA. In some embodiments,
introducing the nucleic acid sequence comprises electropo-
rating the mRNA 1nto the T cell. In other embodiments, the
nucleic acid sequence 1s a vector selected from the group
consisting of a plasmid vector, a viral vector, a retrotrans-
poson, a site directed 1nsertion vector, and a suicide expres-
s10n vector.

[0014] Certain embodiments further comprise arming the
T cell with a bispecific antibody, wherein the bispecific
antibody 1s displayed on the T cell surface. In some embodi-
ments, arming the T cell comprises contacting the T cell with
the bispecific antibody. In other embodiments, the bispecific
antibody specifically binds the T cell. In yet other embodi-
ements, arming the T cell comprises arming the T cell with
two or more bispecific antibodies and the T cell displays the
two or more bispecific antibodies. In still other embodients,
the two or more bispecific antibodies specifically bind the T
cell. In certain embodiments, the bispecific antibodies com-
prise a combination of antibodies selected from the group
consisting of ant1-CD3, anti-IgD Fc, and anti-IgA Fc.
[0015] In other embodiments, the bispecific antibody 1is
chemically heterconjugated to a polyclonal antibody specific
for a tumor-associated antigen (TAA), and the T cell spe-
cifically binds the TAA polyclonal antibody. In another
embodiment, arming the T cell comprises electroporating a
nucleic acid sequence encoding a bispecific antibody. In yet
another embodiment, the bispecific antibody comprises an
antigen binding domain comprising a first whole 1mmuno-
globulin molecule and a second whole IgG immunoglobulin
molecule. In certain embodiments, at least one of the first or
second whole immunoglobulin molecules comprises IgG,
IgA, or IgD.

[0016] Another embodiment of the mvention includes a
composition comprising the metabolically enhanced T cell
generated according to the methods described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The following detailled description of preferred
embodiments of the mvention will be better understood
when read 1n conjunction with the appended drawings. For
the purpose of illustrating the invention, there are shown in
the drawings embodiments which are presently preferred. It
should be understood, however, that the invention 1s not
limited to the precise arrangements and mstrumentalities of
the embodiments shown in the drawings.

[0018] FIG. 1 1s a panel of graphs showing hypoxia
differentially affected CAR T cell survival depending on the
co-stimulatory endodomain.

[0019] FIG. 2 1s a diagram showing a sea horse assay used
to measure metabolic features of modified T cells. OCR—
Mitochondrial respiration by oxidative phosphorylation;
ECAR—Glycolytic production of ATP; Spare Respriatory
Capacity 1s associated with enhanced survival and persis-
tence under stress.

[0020] FIG. 3 1s a graph showing metabolic reprogram-
ming of modified T cells expressing CARs with either CD28
or 4-1BB signaling domains.

[0021] FIG. 4 1s an 1illustration of a bispecific antibody
(Fab CD3 with Fab anti-Target A or B) armed T cell with a
CAR mtroduced by a lentiviral vector. Data utilized whole
IgG molecules with a Fc-Fc permanent covalent link.
[0022] FIG. 5 1s an 1illustration of a bispecific antibody
armed T cell with a CAR introduced by mRINA electropo-
ration.
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[0023] FIG. 6 1s a panel of graphs showing specific
cytotoxicity of unarmed or anti-HER2 bispecific antibody
(HER2B1) and anti-EGFR bispecific antibody (EGFRB1)
armed CART19 cells or non-CART19 cells (ATC) i a 31 Cr
release assay against HER2 and EGFR expressing cell lines.
Assays were performed 1n triplicate using armed or unarmed

CARTI19 cells against HER2 expressing SK-BR-3, EGFR
expressing HCT-8 or CD19%7/CD20" (Daudi) and CD197/
CD20™ (U266) cell lines at effector/target ratio of 10:1 for 18
hours to measure cytotoxicity.

[0024] FIG. 7 1s a panel of graphs showing specific
cytotoxicity by armed and unarmed CART19 cells measured
over the course of repeated exposures to SK-BR-3 tumor
targets (HER2 and EGFR positive breast cancer cell line) at
days 1, 4, 10, 18 and 25 at an effector/target ratio of a >'Cr
release assay. Right graph shows fold change in proliferation
of CART19 cells during a repeated killing assay. The mean
fold change 1in proliferation of armed versus unarmed cells
alter exposure to SK-BR-3 targets at days 1, 4, 10, 18, and
25. Cell counts and viability were assessed at the indicated
days using trypan blue during 4 weeks of culture. Repeated
cytotoxicity (left panel) occurred when the approprate
tumor-associated antigen (TAA) was present and prolifera-
tion occurred when there was engagement of the appropriate
(HER2B1) was on the CART cell.

[0025] FIG. 8A 1s a graph showing specific cytotoxicity of
unarmed or HER2B1 and EGFRB1 armed CART19 cells and
non-CART19 cells (ATC) against breast cancer cells
expressing HER2 and EGFR. Average of triplicates are
shown of armed or unarmed cells plated onto HER2 and
EGFR expressing breast cancer cell lines at effector/target
ratio of 10:1 for 18 hours for cytotoxicity by >'Cr release
assay.

[0026] FIG. 8B 1s a graph showing specific cytotoxicity of
unarmed or HER2B1 and EGFRB1 armed CART19 cells and
non-CART19 cells (ATC) against lung cancer cells express-
ing HER2 and EGFR. Armed or unarmed CART19 cells
plated onto HER2 and EGFR expressing lung cell lines in
triplicates at an eflector/target ratio of 10:1 for 18 hours for
cytotoxicity by 51 Cr release assay.

[0027] FIG. 8C 1s a graph showing specific cytotoxicity of
unarmed or HER2B1 and EGFRB1 armed CART19 cells and
non-CART19 cells (ATC) against prostate/ovarian cancer
cells expressing HER2 and EGFR. Armed or unarmed
CART19 cells plated onto HER2 and EGFR expressing cell
lines 1n triplicates at an effector/target ratio of 10:1 for 18
hours for cytotoxicity by >'Cr release assay.

[0028] FIG. 8D 1s a graph showing specific cytotoxicity of
unarmed or HER2B1 and EGFRB1 armed CART19 cells and
non-CART19 cells (ATC) against pancreatic cancer cells
expressing HER2 and EGFR. Armed or unarmed CART19
cells plated onto HER2 and EGFR expressing cell lines 1n
triplicates at an eflector/target ratio of 10:1 for 18 hours for
cytotoxicity by >'Cr release assay.

[0029] FIG. 8E 1s a graph showing specific cytotoxicity of
unarmed or HER2B1 and EGFRB1 armed CART19 cells and
non-CART19 cells (ATC) against melanoma/osteosarcoma/
glio-blastoma cancer cells expressing HER2 and EGFR.
Armed or unarmed CARTI19 cells plated onto HER2 and
EGFR expressing cell lines 1n triplicates at an eflector/target
ratio of 10:1 for 18 hours for cytotoxicity by >'Cr release
assay.

[0030] FIG. 9 1s a panel of graphs showing activating and
inhibitory co-receptor expression on CD4 and CD8 T cell
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populations with exhausted (lack of cytotoxicity), short term
(24 h) or long term (120 h) antigen exposure to unarmed or
armed CART19 cells.

[0031] FIG. 10 1s an 1illustration of a sequence and basic
structure for a chimeric intracellular signaling molecule, eg.,
4-1BBz. One example of a chimeric intracellular signaling
molecule includes a fusion protein with a detectable tag,
hinge/transmembrane domain, and intracellular domain.

[0032] FIG. 11 1s an illustration of a chimeric intracellular
signaling molecule with a myristoylation signal. A chimeric
intracellular signaling molecule that 1s not detectable on the
surface of the cell would use a surrogate marker for detec-

tion, such as as a fluorescent protein or cell surface molecule
with linked expression through T2A or IRES elements.

[0033] FIG. 12 1s an 1llustration of a chimeric itracellular
signaling molecule with a fusion tag for detection. Alterna-
tively, a detectable surrogate marker 1s coexpressed using
T2A or IRES systems and both are detectable markers for
the chimeric intracellular signaling molecule.

[0034] FIG. 13 1s an 1llustration of a bispecific antibody
armed T cell with a chimeric intracellular signaling molecule
introduced by lentiviral vector.

[0035] FIG. 14 1s an 1illustration of a bispecific antibody
armed T cell with a chimeric intracellular signaling molecule
introduced by mRNA electroporation.

[0036] FIG. 15 1s an 1illustration diagramming the
enhanced effect arming T cells with bispecific antibodies has
on the ability to kill target cells. The tumor microenviron-
ment was modified through the release of Th, cytokines and
chemokines that inhibited T regulatory cells (1,..,) and
myeloid dertved suppressor cells (MDSC) populations and
recruited endogenous immune cells to become cytotoxic
memory ellector cells and memory B cells that produced
antibody directed at tumor.

[0037] FIG. 16 1s a panel of graphs showing that 1rradia-
tion of bispecific antibody armed T cells blocked allogeneic
responses (left graph) but did not inhibit cytotoxicity (right
graph) when the armed T cells were bound to tumor targets.
“r” signifies responder cells, “s” signifies stimulator cells
and * signifies wrradiated cells.

[0038] FIG. 17 1s a panel of graphs showing specific
cytotoxicity of unarmed or anti-CD20 bispecific antibody
(CD20B1), anti-EGFR bispecific antibody (EGFRB1), anti-
GD2 bispecific antibody (GD2B1) and anti-HER2 bispecific
antibody (HER2B1) armed metabolically enhanced T cells 1n
a >'Cr release assay against HER2 and EGFR expressing
breast cancer and pancreatic/colorectal cancer cell lines.
Assays were performed in triplicate using armed or unarmed
T cells at effector/target ratio of 10:1 for 18 hours to measure
cytotoxicity.

[0039] FIG. 18 1s a panel of graphs showing the cytokine
profile in culture supernatants. Unarmed or armed T cells or
non-metabolically enhanced ATC were incubated overnight
without target cells or with target cells (SKBR3) at E:'T=10:
1. The values are reported as pg/ml. The culture supernatant
was assayed by Bio-Plex assay for the presence of cytokines
(top graph) and chemokines (bottom graph).

[0040] FIG. 19A 1s a panel of graphs showing expansion
of T cells expressing tlag-tagged chimeric intracellular sig-
naling molecules, a CD8 transmembrane domain with
4-1BB and CD3zeta intracellular domains or a membrane-
anchored myristoylated 4-1BB and CD3zeta intracellular
domains.

Jan. 25, 2024

[0041] FIG. 19B 1s a panel of graphs showing enhance-
ment of CD4 expression 1 T cells expressing flag-tagged
chimeric intracellular signaling molecules. Normal donor
ND317 T cells were activated with anti-CID3/28 beads and
transduced to express the chimeric intracellular signaling
molecule. These cells were greatly enhanced 1n CD4 popu-
lations.

[0042] FIG. 19C 1s a panel of graphs showing transduction
with 160 11.1 or 400 11.1 virus and expansion of tlag-tagged
chimeric intracellular signaling molecules, a CD8 trans-
membrane domain with 4-1BB and CD3zeta intracellular
domains, 1 T cells. Normal donor ND317 T cells were
transduced with flag-tagged chimeric intracellular signaling
molecules. T cells expressing the flag-tagged chimeric 1ntra-
cellular signaling molecule diminished 1n percentage of
overall population from day 6 to 8.°160v’ means 160 ul virus
per 1e° cells at initial transduction.

[0043] FIG. 20 1s a panel of graphs showing characteriza-
tion of normal donor ND444 T cells transduced with high
(50%) and low (15%) viral amounts to express diflerent
precentages of the chimeric intracellular signaling mol-
ecules. Detection of flag-tagged T cells was lost over time.
[0044] FIG. 21A 1s a panel of graphs showing expansion
by population doublings and cell size of normal donor
ND422 T cells transduced with a flag-tagged chimeric
intracellular signaling molecule (BBz) or CARI9BBz. T
cells are activated by CD3x28 beads, transduced and expan-
sion monitored by coulter counter measurements and show
similar profiles until cells become rested.

[0045] FIG. 21B i1s a panel of graphs showing CD4 and
CD8 expression characterized on day 5 and day 8 on normal
donor ND422 T cells transduced with flag-tagged chimeric
intracellular signaling molecule (BBz) or CAR19BBz. The
overall T cell population showed a biased CD4 expansion
without any observed additional enhancement of CD4+ cells
by chimeric intracellular signaling molecules. All data
shown were gated on live CD3+ cells.

[0046] FIG. 21C is a panel of graphs showing no loss 1n
the percentages of flag-tagged T cells from day 5 to day 8 of
the normal donor ND422 T cells transduced with tlag-tagged

chimeric intracellular signaling molecule (BBz) or
CAR19BBz.
DETAILED DESCRIPTION
Definitions
[0047] Unless defined otherwise, all technical and scien-

tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the
invention pertains. Although any methods and materials
similar or equivalent to those described herein can be used
in the practice for testing of the present invention, the
preferred materials and methods are described herein. In
describing and claiming the present invention, the following
terminology will be used.

[0048] It is also to be understood that the terminology used
herein 1s for the purpose of describing particular embodi-
ments only, and 1s not intended to be limiting. The articles
“a” and “an” are used herein to refer to one or to more than
one (1.e., to at least one) of the grammatical object of the
article. By way of example, “an element” means one ele-
ment or more than one element.

[0049] ““About” as used herein when referring to a mea-
surable value such as an amount, a temporal duration, and



US 2024/0026293 Al

the like, 1s meant to encompass variations of £20% or £10%,
more preferably +5%, even more preferably +1%, and still
more preferably £0.1% from the specified value, as such
variations are appropriate to perform the disclosed methods.
[0050] ““Activation,” as used herein, refers to the state of
a T cell that has been sufliciently stimulated to induce
detectable cellular proliferation. Activation can also be asso-
ciated with induced cytokine production, and detectable
eflector functions. The term ‘“‘activated T cells” refers to,
among other things, T cells that are undergoing cell division.
[0051] The term “antibody,” as used herein, refers to an
immunoglobulin molecule which specifically binds with an
antigen. Antibodies can be intact immunoglobulins derived
from natural sources or from recombinant sources and can
be immunoreactive portions of intact immunoglobulins.
Antibodies are typically tetramers of immunoglobulin mol-
ecules. The antibodies 1n the present invention may exist 1n
a variety of forms including, for example, polyclonal anti-
bodies, monoclonal antibodies, Fv, Fab and F(ab)2, as well
as single chain antibodies (scFv) and humanized antibodies
(Harlow et al., 1999, In: Using Antibodies: A Laboratory
Manual, Cold Spring Harbor Laboratory Press, NY; Harlow
et al., 1989, In: Antibodies: A Laboratory Manual, Cold
Spring Harbor, New York; Houston et al., 1988, Proc. Natl.
Acad. Sci1. USA 835:5879-5883; Bird et al., 1988, Science
242:423-426).

[0052] The term “antibody fragment” refers to a portion of
an 1ntact antibody and refers to the antigenic determining
variable regions of an 1ntact antibody. Examples of antibody
fragments include, but are not limited to, Fab, Fab', F(ab')2,
and Fv fragments, linear antibodies, scFv antibodies, and
multispecific antibodies formed from antibody fragments.

[0053] An “antibody heavy chain,” as used herein, refers
to the larger of the two types of polypeptide chains present
in all antibody molecules 1n their naturally occurring con-
formations.

[0054] An “antibody light chain,” as used herein, refers to
the smaller of the two types of polypeptide chains present in
all antibody molecules 1n their naturally occurring confor-
mations. o and p light chains refer to the two major antibody
light chain 1sotypes.

[0055] A “bispecific antibody,” as used herein, refers to an
antibody having binding specificities for at least two difler-
ent antigenic epitopes. In one embodiment, the epitopes are
from the same antigen. In another embodiment, the epitopes
are from two different antigens. Methods for making bispe-
cific antibodies are known 1n the art. For example, bispecific
antibodies can be produced recombinantly using the co-
expression of two immunoglobulin heavy chain/light chain
pairs. See, e.g., Milstein et al. (1983) Nature 305: 537-39.
Alternatively, bispecific antibodies can be prepared using
chemical linkage. See, e.g., Brennan et al. (1985) Science
229:81. Baispecific antibodies include bispecific antibody
fragments. See, e.g., Holliger et al. (1993) Proc. Natl. Acad.
Sci. U.S.A. 90:6444-48, Gruber et al. (1994) J. Immunol.
152:5368.

[0056] By the term “synthetic antibody™ as used herein, 1s
meant an antibody which 1s generated using recombinant
DNA technology, such as, for example, an antibody
expressed by a bacteriophage as described herein. The term
should also be construed to mean an antibody which has
been generated by the synthesis of a DNA molecule encod-
ing the antibody and which DNA molecule expresses an
antibody protein, or an amino acid sequence specitying the
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antibody, wherein the DNA or amino acid sequence has been
obtained using synthetic DNA or amino acid sequence
technology which 1s available and well known in the art.

[0057] The term “antigen” or “Ag” as used herein 1is
defined as a molecule that provokes an immune response.
This immune response may involve either antibody produc-
tion, or the activation of specific immunologically-compe-
tent cells, or both. The skilled artisan will understand that
any macromolecule, including virtually all proteins or pep-
tides, can serve as an antigen. Furthermore, antigens can be
derived from recombinant or genomic DNA. A skilled
artisan will understand that any DNA, which comprises a
nucleotide sequences or a partial nucleotide sequence encod-
ing a protemn that elicits an 1mmune response therefore
encodes an “antigen” as that term 1s used herein. Further-
more, one skilled i the art will understand that an antigen
need not be encoded solely by a full length nucleotide
sequence ol a gene. It 1s readily apparent that the present
invention includes, but 1s not limited to, the use of partial
nucleotide sequences of more than one gene and that these
nucleotide sequences are arranged in various combinations
to elicit the desired immune response. Moreover, a skilled
artisan will understand that an antigen need not be encoded
by a “gene” at all. It 1s readily apparent that an antigen can
be generated synthesized or can be derived from a biological
sample. Such a biological sample can include, but 1s not
limited to a tissue sample, a tumor sample, a cell or a
biological tluid.

[0058] The term “anti-tumor effect” as used herein, refers
to a biological effect which can be manifested by a decrease
in tumor volume, a decrease in the number of tumor cells, a
decrease in the number of metastases, an increase 1n life
expectancy, or amelioration of various physiological symp-
toms associated with the cancerous condition. An “anti-
tumor eflect” can also be manifested by the ability of the
peptides, polynucleotides, cells and antibodies of the inven-
tion 1n prevention ol the occurrence of tumor in the first
place.

[0059] The term “arming” as used herein refers to dis-
playing the bispecific antibody on the surface of the cell. In
one embodiment, the bispecific antibody specifically binds
to an antigenic epitope on the cell to be armed with the
bispecific antibody, such as a T cell, and binds another
antigenic epitope, such as an antigenic epitope on a target
cell, such as another cell.

[0060] The term “auto-antigen™ means, 1n accordance with
the present invention, any self-antigen which 1s recognized
by the immune system as being foreign. Auto-antigens
comprise, but are not limited to, cellular proteins, phospho-
proteins, cellular surface proteins, cellular lipids, nucleic
acids, glycoproteins, including cell surface receptors.

[0061] The term “autoimmune disease” as used herein 1s
defined as a disorder that results from an autoimmune
response. An autoimmune disease 1s the result of an 1nap-
propriate and excessive response to a self-antigen. Examples
of autoimmune diseases include but are not limited to,
Addision’s disease, alopecia areata, ankylosing spondylitis,
autoommune hepatitis, autoimmune parotitis, Crohn’s dis-
case, diabetes (Type 1), dystrophic epidermolysis bullosa,
epididymitis, glomerulonephritis, Graves’ disease, Guillain-
Barr syndrome, Hashimoto’s disease, hemolytic anemia,
systemic lupus erythematosus, multiple sclerosis, myasthe-
nia gravis, pemphigus vulgaris, psoriasis, rheumatic fever,
rheumatoid arthritis, sarcoidosis, scleroderma, Sjogren’s
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syndrome, spondyloarthropathies, thyroiditis, vasculitis, vit-
1ligo, myxedema, pernicious anemia, ulcerative colitis,
among others.

[0062] As used herein, the term “autologous™ 1s meant to
refer to any material derived from the same individual to
which 1t 1s later to be re-introduced into the individual.
[0063] ““Allogeneic” refers to a graft derived from a dii-
ferent animal of the same species.

[0064] “Xenogeneic” refers to a grait derived from an
ammal of a different species.

[0065] “‘Bispecificity,” as used herein, refers to a molecule
having binding specificities for at least two different binding,
epitopes. In one embodiment, the epitopes are from the same
binding partner. In another embodiment, the epitopes are
from two different binding partners. The molecule with
bispecificity to different epitopes may include a bispecific
antibody.

[0066] The term *“‘cancer” as used heremn 1s defined as
disease characterized by the rapid and uncontrolled growth
of aberrant cells. Cancer cells can spread locally or through
the bloodstream and lymphatic system to other parts of the
body. Examples of various cancers include but are not
limited to, breast cancer, prostate cancer, ovarian cancer,
cervical cancer, skin cancer, pancreatic cancer, colorectal
cancer, renal cancer, liver cancer, brain cancer, lymphoma,
leukemia, lung cancer and the like. In certain embodiments,
the cancer 1s medullary thyroid carcinoma.

[0067] The term “chimeric antigen receptor” or “CAR,” as
used herein, refers to an artificial T cell receptor that 1s
engineered to be expressed on an immune eflector cell and
specifically bind an antigen. CARs may be used as a therapy
with adoptive cell transfer. T cells are removed from a
patient and modified so that they express the receptors
specific to a particular form of antigen. In some embodi-
ments, the CARs have been expressed with specificity to a
tumor associated antigen, for example. CARs may also
comprise an intracellular activation domain, a transmems-
brane domain and an extracellular domain comprising a
tumor associated antigen binding region. In some aspects,
CARs comprise fusions of single-chain variable fragments
(sckFv) derived monoclonal antibodies, fused to CD3-zeta
transmembrane and intracellular domain. The specificity of
CAR designs may be derived from ligands of receptors (e.g.,
peptides). In some embodiments, a CAR can target cancers
by redirecting the specificity of a cell expressing the CAR
specific for tumor associated antigens.

[0068] The term “chimeric intracellular signaling mol-
ecule” refers to recombinant receptor comprising one or
more intracellular domains of one or more co-stimulatory
molecules. The chimeric intracellular signaling molecule
substantially lacks an extracellular ligand-binding domain,
such as an non-antigen binding domain, or substantially
lacks an extracellular domain. In some embodiments, the
chimeric intracellular signaling molecule comprises addi-
tional domains, such as a transmembrane domain, a detect-
able tag, and a spacer domain.

[0069] As used herein, the term “conservative sequence
modifications™ 1s 1ntended to refer to amino acid modifica-
tions that do not significantly aflect or alter the binding
characteristics of the antibody containing the amino acid
sequence. Such conservative modifications include amino
acid substitutions, additions and deletions. Modifications
can be mtroduced into an antibody of the invention by
standard techniques known in the art, such as site-directed

Jan. 25, 2024

mutagenesis and PCR-mediated mutagenesis. Conservative
amino acid substitutions are ones 1n which the amino acid
residue 1s replaced with an amino acid residue having a
similar side chain. Families of amino acid residues having
similar side chains have been defined in the art. These
families include amino acids with basic side chains (e.g.,
lysine, arginine, histidine), acidic side chains (e.g., aspartic
acid, glutamic acid), uncharged polar side chains (e.g.,
glycine, asparagine, glutamine, serine, threonine, tyrosine,
cysteine, tryptophan), nonpolar side chains (e.g., alanine,
valine, leucine, 1soleucine, proline, phenylalanine, methio-
nine), beta-branched side chains (e.g., threonine, valine,
1soleucine) and aromatic side chains (e.g., tyrosine, phenyl-
alamine, tryptophan, histidine). Thus, one or more amino
acid residues within the CDR regions of an antibody can be
replaced with other amino acid residues from the same side
chain family and the altered antibody can be tested for the
ability to bind antigens using the functional assays described
herein.

[0070] “Co-stimulatory ligand,” as the term 1s used herein,
includes a molecule on an antigen presenting cell (e.g., an
aAPC, dendntic cell, B cell, and the like) that specifically
binds a cognate co-stimulatory molecule on a T cell, thereby
providing a signal which, in addition to the primary signal
provided by, for mstance, binding of a TCR/CD3 complex
with an MHC molecule loaded with peptide, mediates a T
cell response, including, but not limited to, proliferation,

activation, differentiation, and the like. A co-stimulatory
ligand can include, but 1s not limited to, CD7, B7-1 (CDR80),

B7-2 (CD86), PD-L1, PD-L2, 4-1BBL, OX40L, inducible
costimulatory ligand (ICOS-L), intercellular adhesion mol-
ecule (ICAM), CD30L, CD40, CD70, CD83, HLA-G,
MICA, MICB, HVEM, lymphotoxin beta receptor, 3/TR6,
ILT3, ILT4, HVEM, an agonist or antibody that binds Toll
ligand receptor and a ligand that specifically binds waith
B’7-H3. A co-stimulatory ligand also encompasses, inter alia,
an antibody that specifically binds with a co-stimulatory
molecule present on a T cell, such as, but not limited to,
CD27, CD28, 4-1BB, 0OX40, CD30, CD40, PD-1, ICOS,
lymphocyte function-associated antigen-1 (LFA-1), CD2,
CD7, LIGHT, NKG2C, B7-H3, and a ligand that specifically
binds with CD83.

[0071] A “co-stimulatory molecule™ refers to the cognate
binding partner on a T cell that specifically binds with a
co-stimulatory ligand, thereby mediating a co-stimulatory
response by the T cell, such as, but not limited to, prolii-
eration. Co-stimulatory molecules include, but are not lim-
ited to TCR, CD3 zeta, CD3 gamma, CD3 delta, CD3
epsilon, CD86, common FcR gamma, FcR beta (Fc Epsilon
Rib), CD79a, CD79b, Fcgamma Rlla, DAP10, DAP12, T
cell receptor (TCR), CD27, CD28, 4-1BB (CD137), OX40,
CD30, CD40, PD-1, ICOS, lymphocyte function-associated
antigen-1 (LFA-1), CD2, CD7/, LIGHT, NKG2C, B7-H3, a
ligand that specifically binds with CD83, CDS, ICAM-1,
GITR, BAFFR, HVEM (LIGHTR), SLAMF7, NKp80
(KLRF1), CD127, CDI160, CDI19, CD4, CDS8alpha,
CDg8beta, IL2R beta IL2R gamma, IL/R alpha, ITGAA4,
VLA1, CD49%9a, ITGA4, 1A4, CD49D, ITGA6, VLA-6,
CD49f ITGAD, CDI11d, ITGAE, CD103, ITGAL, CDI11 a,
LFA-1, ITGAM, CDl11b, ITGAX, CDI11 c, ITGBI1, CD29,
ITGBZ, CDI18, LFA-1, ITGB7, TNFR2, TRANCE/ RANKL,,
DNAMI1 (CD226), SLAMF4 (CD244, 2B4), CD84, CD96
(Tactile), CEACAMI1, CRTAM, Ly9 (CD229), CDI160
(BYS5), PSGL1, CDI100 (SEMA4D), CD69, SLAMEF6
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(NTB-A, Ly108), SLAM (SLAMFI1, CDI150, IPO-3),
BLAME (SLAMEFR), SELPLG (CD162), LTBR, LAT,
GADS, SLP-76, PAG/Cbp, NKp44, NKp30, NKp46,
NKG2D, other co-stimulatory molecules described herein,
any derivative, variant, or fragment thereof, any synthetic
sequence of a co-stimulatory molecule that has the same
functional capability, and any combination thereof.

[0072] A “co-stimulatory signal”, as used herein, refers to

a signal, which in combination with a primary signal, such
as TCR/CD3 higation, leads to T cell proliferation and/or
upregulation or downregulation of key molecules.

[0073] The term “cytotoxic” or “‘cytotoxicity” refers to
killing or damaging cells. In one embodiment, cytotoxicity
of the metabolically enhanced cells 1s 1mproved, e.g.
increased cytolytic activity of T cells.

[0074] A “disease” 1s a state of health of an animal
wherein the animal cannot maintain homeostasis, and
wherein 1f the disease 1s not ameliorated then the animal’s
health continues to deteriorate. In contrast, a “disorder” in an
animal 1s a state of health in which the animal 1s able to
maintain homeostasis, but in which the animal’s state of
health 1s less favorable than 1t would be 1n the absence of the
disorder. Left untreated, a disorder does not necessarily
cause a further decrease 1n the amimal’s state of health.

[0075] “Effective amount” or “therapeutically eflective
amount” are used interchangeably herein, and refer to an
amount of a compound, formulation, material, or composi-
tion, as described herein eflective to achieve a particular
biological result or provides a therapeutic or prophylactic
benefit. Such results may include, but are not limited to,

anti-tumor activity as determined by any means suitable 1n
the art.

[0076] “‘Encoding” refers to the inherent property of spe-
cific sequences ol nucleotides 1n a polynucleotide, such as a
gene, a ¢cDNA, or an mRNA, to serve as templates for
synthesis of other polymers and macromolecules 1n biologi-
cal processes having either a defined sequence of nucleo-
tides (1.e., rRNA, tRNA and mRNA) or a defined sequence
of amino acids and the biological properties resulting there-
from. Thus, a gene encodes a protein 1f transcription and
translation of mRNA corresponding to that gene produces
the protein 1n a cell or other biological system. Both the
coding strand, the nucleotide sequence of which 1s 1dentical
to the mRINA sequence and 1s usually provided in sequence
listings, and the non-coding strand, used as the template for
transcription of a gene or cDNA, can be referred to as
encoding the protein or other product of that gene or cDNA.

[0077] As used herein “endogenous” refers to any material
from or produced inside an organism, cell, tissue or system.

[0078] As used herein, the term “exogenous” refers to any
material introduced from or produced outside an organism,
cell, tissue or system.

[0079] The term “expand’ as used herein refers to increas-
ing 1n number, as in an icrease 1n the number of T cells. In
one embodiment, the T cells that are expanded ex vivo
increase in number relative to the number originally present
in the culture. In another embodiment, the T cells that are
expanded ex vivo increase 1 number relative to other cell
types 1n the culture. The term “ex vivo,” as used herein,
refers to cells that have been removed from a living organ-
ism, (e.g., a human) and propagated outside the organism
(e.g., 1n a culture dish, test tube, or bioreactor).
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[0080] The term “expression” as used herein 1s defined as
the transcription and/or translation of a particular nucleotide
sequence driven by its promoter.

[0081] “‘Expression vector” refers to a vector comprising a
recombinant polynucleotide comprising expression control
sequences operatively linked to a nucleotide sequence to be
expressed. An expression vector comprises suflicient cis-
acting elements for expression; other elements for expres-
sion can be supplied by the host cell or 1n an 1n vitro
expression system. Expression vectors include all those
known 1n the art, such as cosmids, plasmids (e.g., naked or
contained in liposomes) and viruses (e.g., lentiviruses, ret-
roviruses, adenoviruses, and adeno-associated viruses) that
incorporate the recombinant polynucleotide.

[0082] “‘Homologous™ as used herein, refers to the subunit
sequence 1dentity between two polymeric molecules, e.g.,
between two nucleic acid molecules, such as, two DNA
molecules or two RINA molecules, or between two polypep-
tide molecules. When a subunit position 1n both of the two
molecules 1s occupied by the same monomeric subunit; e.g.,
iI a position in each of two DNA molecules 1s occupied by
adenine, then they are homologous at that position. The
homology between two sequences 1s a direct function of the
number of matching or homologous positions; e.g., 1f half
(e.g., five positions 1n a polymer ten subunits 1 length) of
the positions in two sequences are homologous, the two
sequences are 50% homologous; 11 90% of the positions
(e.g., 9 of 10), are matched or homologous, the two
sequences are 90% homologous. As applied to the nucleic
acid or protein, “homologous™ as used herein refers to a
sequence that has about 50% sequence 1dentity. More prei-
erably, the homologous sequence has about 75% sequence
identity, even more preferably, has at least about 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%., 99%
sequence 1dentity.

[0083] “Humanized” forms of non-human (e.g., murine)
antibodies are chimeric immunoglobulins, immunoglobulin
chains or fragments thereof (such as Fv, Fab, Fab', F(ab")2 or
other antigen-binding subsequences of antibodies) which
contain minimal sequence derived from non-human 1mmu-
noglobulin. For the most part, humanized antibodies are
human immunoglobulins (recipient antibody) in which resi-
dues from a complementary-determining region (CDR) of
the recipient are replaced by residues from a CDR of a
non-human species (donor antibody) such as mouse, rat or
rabbit having the desired specificity, athnity, and capacity. In
some 1nstances, Fv framework region (FR) residues of the
human immunoglobulin are replaced by corresponding non-
human residues. Furthermore, humanized antibodies can
comprise residues which are found neither in the recipient
antibody nor 1n the imported CDR or framework sequences.
These modifications are made to further refine and optimize
antibody performance. In general, the humanized antibody
will comprise substantially all of at least one, and typically
two, variable domains, 1n which all or substantially all of the
CDR regions correspond to those of a non-human immu-
noglobulin and all or substantially all of the FR regions are
those of a human immunoglobulin sequence. The human-
1zed antibody optimally also will comprise at least a portion
of an immunoglobulin constant region (Fc), typically that of
a human immunoglobulin. For further details, see Jones et
al., Nature, 321: 522-525, 1986; Reichmann et al., Nature,
332: 323-329, 1988; Presta, Curr. Op. Struct. Biol., 2:
593-596, 1992.
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[0084] “Fully human” refers to an immunoglobulin, such
as an antibody, where the whole molecule 1s of human origin
or consists ol an amino acid sequence identical to a human
form of the antibody.

[0085] “Identity” as used herein refers to the subunit
sequence 1dentity between two polymeric molecules par-
ticularly between two amino acid molecules, such as,
between two polypeptide molecules. When two amino acid
sequences have the same residues at the same positions; e.g.,
if a position i each of two polypeptide molecules 1is
occupied by an Arginine, then they are identical at that
position. The i1dentity or extent to which two amino acid
sequences have the same residues at the same positions 1n an
alignment 1s often expressed as a percentage. The i1dentity
between two amino acid sequences 1s a direct function of the
number of matching or identical positions; e.g., if half (e.g.,
five positions 1n a polymer ten amino acids in length) of the
positions 1n two sequences are identical, the two sequences
are 50% i1dentical; 11 90% of the positions (e.g., 9 of 10), are

matched or identical, the two amino acids sequences are
90% 1dentical.

[0086] By “‘substantially identical” 1s meant a polypeptide
or nucleic acid molecule exhibiting at least 50% identity to
a reference amino acid sequence (for example, any one of
the amino acid sequences described herein) or nucleic acid
sequence (for example, any one of the nucleic acid
sequences described herein). Preferably, such a sequence 1s
at least 60%, more preferably 80% or 85%, and more
preferably 90%, 93% or even 99% identical at the amino
acid level or nucleic acid to the sequence used for compari-
SO

[0087] The guide nucleic acid sequence may be comple-
mentary to one strand (nucleotide sequence) of a double
stranded DNA target site. The percentage of complementa-

tion between the guide nucleic acid sequence and the target
sequence can be at least 50%, 51%, 52%, 53%, 54%, 55%.,

56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 63%, 65%,
66%., 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%.,
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100%. The guide nucleic acid
sequence can be at least 10, 11, 12, 13, 14, 13, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35 or more nucleotides 1n length. In some embodiments, the
guide nucleic acid sequence comprises a contiguous stretch
of 10 to 40 nucleotides. The variable targeting domain can
be composed of a DNA sequence, a RNA sequence, a
modified DNA sequence, a modified RNA sequence (see for
example modifications described herein), or any combina-
tion thereof.

[0088] Sequence identity 1s typically measured using
sequence analysis software (for example, Sequence Analysis
Software Package of the Genetics Computer Group, Uni-
versity ol Wisconsin Biotechnology Center, 1710 University
Avenue, Madison, Wis. 53705, BLAST, BESTFIT, GAP, or
PILEUP/PRETTYBOX programs). Such software matches
identical or similar sequences by assigning degrees of
homology to various substitutions, deletions, and/or other
modifications. Conservative substitutions typically include
substitutions within the following groups: glycine, alanine;
valine, 1soleucine, leucine; aspartic acid, glutamic acid,
asparagine, glutamine; serine, threonine; lysine, argimine;
and phenylalamine, tyrosine. In an exemplary approach to
determining the degree of 1dentity, a BLAST program may
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be used, with a probability score between e and e '°°

indicating a closely related sequence.

[0089] The term “immunoglobulin” or “Ig,” as used herein
1s defined as a class of proteins, which function as antibod-
1es. Antibodies expressed by B cells are sometimes referred
to as the BCR (B cell receptor) or antigen receptor. The five
members included 1n this class of proteins are IgA, IgG,
IeM, IgD, and IgE. IgA 1s the primary antibody that is
present 1n body secretions, such as saliva, tears, breast milk,
gastrointestinal secretions and mucus secretions of the respi-
ratory and genitourinary tracts. IgG 1s the most common
circulating antibody. IgM 1s the main immunoglobulin pro-
duced 1n the primary immune response in most subjects. It
1s the most eflicient immunoglobulin 1n agglutination,
complement fixation, and other antibody responses, and 1s
important 1n defense against bacteria and viruses. IgD 1s the
immunoglobulin that has no known antibody function, but
may serve as an antigen receptor. IgE 1s the immunoglobulin
that mediates immediate hypersensitivity by causing release
of mediators from mast cells and basophils upon exposure to
allergen.

[0090] The term “immune response” as used herein 1s
defined as a cellular response to an antigen that occurs when
lymphocytes 1dentity antigenic molecules as foreign and
induce the formation of antibodies and/or activate lympho-
cytes to remove the antigen.

[0091] As used herein, an “instructional material” includes
a publication, a recording, a diagram, or any other medium
ol expression which can be used to communicate the use-
fulness of the compositions and methods of the ivention.
The instructional material of the kit of the invention may, for
example, be athxed to a container which contains the nucleic
acid, peptide, and/or composition of the mvention or be
shipped together with a container which contains the nucleic
acid, peptide, and/or composition. Alternatively, the mstruc-
tional material may be shipped separately from the container
with the intention that the instructional material and the
compound be used cooperatively by the recipient.

[0092] “Isolated” means altered or removed from the
natural state. For example, a nucleic acid or a peptide
naturally present in a living animal 1s not “1solated,” but the
same nucleic acid or peptide partially or completely sepa-
rated from the coexisting materials of 1ts natural state 1s
“1solated.” An 1solated nucleic acid or protein can exist 1n
substantially purified form, or can exist in a non-native
environment such as, for example, a host cell.

[0093] A “lenftivirus” as used herein refers to a genus of
the Retroviridae family. Lentiviruses are unique among the
retroviruses 1n being able to infect non-dividing cells; they
can deliver a significant amount of genetic information into
the DNA of the host cell, so they are one of the most eflicient
methods of a gene delivery vector. HIV, SIV, and FIV are all
examples of lentiviruses. Vectors derived from lentiviruses
ofler the means to achieve significant levels of gene transfer
n vivo.

[0094] The term “ligand” refers to a molecule, compound,
or other binding partner that has a binding site with binding
specificity for a ligand-binding domain. A ligand can also be
referred to as a “antigen.”

[0095] By the term “modified” as used herein, 1s meant a
changed state or structure of a molecule or cell of the
invention. Molecules may be modified in many ways,
including chemically, structurally, and functionally. Cells
may be modified through the introduction of nucleic acids.
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[0096] By the term “modulating,” as used herein, 1s meant
mediating a detectable increase or decrease in the level of a
response 1n a subject compared with the level of a response
in the subject i the absence of a treatment or compound,
and/or compared with the level of a response 1n an otherwise
identical but untreated subject. The term encompasses per-
turbing and/or affecting a native signal or response thereby
mediating a beneficial therapeutic response in a subject,
preferably, a human.

[0097] In the context of the present invention, the follow-
ing abbreviations for the commonly occurring nucleic acid
bases are used. “A” refers to adenosine, “C” refers to
cytosine, “G” refers to guanosine, “I” refers to thymidine,
and “U” refers to uridine.

[0098] Unless otherwise specified, a “nucleotide sequence
encoding an amino acid sequence’ includes all nucleotide
sequences that are degenerate versions of each other and that
encode the same amino acid sequence. The phrase nucleo-
tide sequence that encodes a protein or an RNA may also
include introns to the extent that the nucleotide sequence
encoding the protein may in some version contain an intron
(s).

[0099] The term “operably linked” refers to functional
linkage between a regulatory sequence and a heterologous
nucleic acid sequence resulting 1n expression of the latter.
For example, a first nucleic acid sequence 1s operably linked
with a second nucleic acid sequence when the first nucleic
acid sequence 1s placed 1n a functional relationship with the
second nucleic acid sequence. For instance, a promoter 1s
operably linked to a coding sequence 11 the promoter aflects
the transcription or expression ol the coding sequence.
Generally, operably linked DNA sequences are contiguous
and, where necessary to join two protein coding regions, 11
the same reading frame.

[0100] The term “overexpressed” tumor antigen or “over-
expression” of a tumor antigen 1s intended to indicate an
abnormal level of expression of a tumor antigen in a cell
from a disease area like a solid tumor within a specific tissue
or organ of the patient relative to the level of expression 1n
a normal cell from that tissue or organ. Patients having solid
tumors or a hematological malignancy characterized by
overexpression of the tumor antigen can be determined by
standard assays known 1n the art.

[0101] “‘Parenteral” admuinistration of an immunogenic
composition includes, e.g., subcutaneous (s.c.), mtravenous
(1.v.), mtramuscular (1.m.), or intrasternal injection, or infu-
s1on techniques.

[0102] The term ‘“‘polynucleotide” as used herein 1is
defined as a chain of nucleotides. Furthermore, nucleic acids
are polymers of nucleotides. Thus, nucleic acids and poly-
nucleotides as used herein are interchangeable. One skilled
in the art has the general knowledge that nucleic acids are
polynucleotides, which can be hydrolyzed into the mono-
meric “nucleotides.” The monomeric nucleotides can be
hydrolyzed into nucleosides. As used herein polynucleotides
include, but are not limited to, all nucleic acid sequences
which are obtained by any means available in the art,
including, without limitation, recombinant means, 1.e., the
cloning of nucleic acid sequences from a recombinant
library or a cell genome, using ordinary cloning technology
and PCRTM, and the like, and by synthetic means.

[0103] As used herein, the terms “peptide,” “polypeptide,”
and “protein” are used interchangeably, and refer to a
compound comprised of amino acid residues covalently
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Jan. 25, 2024

linked by peptide bonds. A protein or peptide must contain
at least two amino acids, and no limitation 1s placed on the
maximum number of amino acids that can comprise a
protein’s or peptide’s sequence. Polypeptides include any
peptide or protein comprising two or more amino acids
joimed to each other by peptide bonds. As used herein, the
term refers to both short chains, which also commonly are
referred to 1n the art as peptides, oligopeptides and oligom-
ers, for example, and to longer chains, which generally are
referred to 1n the art as proteins, of which there are many
types. “Polypeptides” include, for example, biologically
active fragments, substantially homologous polypeptides,
oligopeptides, homodimers, heterodimers, variants of poly-
peptides, modified polypeptides, derivatives, analogs, fusion
proteins, among others. The polypeptides include natural
peptides, recombinant peptides, synthetic peptides, or a
combination thereof.

[0104] The term “promoter” as used herein 1s defined as a
DNA sequence recognized by the synthetic machinery of the
cell, or introduced synthetic machinery, required to 1nitiate
the specific transcription of a polynucleotide sequence.

[0105] As used herein, the term “promoter/regulatory
sequence’” means a nucleic acid sequence which 1s required
for expression of a gene product operably linked to the
promoter/regulatory sequence. In some 1nstances, this
sequence may be the core promoter sequence and 1n other
instances, this sequence may also include an enhancer
sequence and other regulatory elements which are required
for expression of the gene product. The promoter/regulatory
sequence may, for example, be one which expresses the gene
product 1n a tissue specific manner.

[0106] A “constitutive” promoter 1s a nucleotide sequence
which, when operably linked with a polynucleotide which
encodes or specifies a gene product, causes the gene product
to be produced in a cell under most or all physiological
conditions of the cell.

[0107] An “inducible” promoter 1s a nucleotide sequence
which, when operably linked with a polynucleotide which
encodes or specifies a gene product, causes the gene product
to be produced 1n a cell substantially only when an inducer
which corresponds to the promoter 1s present in the cell.

[0108] A ““tissue-specific” promoter 1s a nucleotide
sequence which, when operably linked with a polynucle-
otide encodes or specified by a gene, causes the gene product
to be produced 1n a cell substantially only 11 the cell 1s a cell
of the tissue type corresponding to the promoter.

[0109] The term “resistance to immunosuppression’ refers
to lack of suppression or reduced suppression of an immune
system activity or activation.

[0110] A “signal transduction pathway” refers to the bio-
chemical relationship between a variety of signal transduc-
tion molecules that play a role in the transmission of a signal
from one portion of a cell to another portion of a cell. The
phrase “cell surface receptor” includes molecules and com-
plexes ol molecules capable of receiving a signal and
transmitting signal across the plasma membrane of a cell.

[0111] *“Single chain antibodies” refer to antibodies
formed by recombinant DNA techniques 1n which immu-
noglobulin heavy and light chain fragments are linked to the
Fv region via an engineered span ol amino acids. Various

methods of generating single chain antibodies are known,
including those described 1 U.S. Pat. No. 4,694,778; Bird

(1988) Science 242:423-442; Huston et al. (1988) Proc.
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Natl. Acad. Sci. USA 85:5879-5883; Ward et al. (1989)
Nature 334:54454; Skerra et al. (1988) Science 242:1038-
1041.

[0112] By the term “specifically binds,” as used herein
with respect to an antibody, 1s meant an antibody which
recognizes a specific antigen, but does not substantially
recognize or bind other molecules 1 a sample. For example,
an antibody that specifically binds to an antigen from one
species may also bind to that antigen from one or more
species. But, such cross-species reactivity does not itself
alter the classification of an antibody as specific. In another
example, an antibody that specifically binds to an antigen
may also bind to different allelic forms of the antigen.
However, such cross reactivity does not itself alter the
classification of an antibody as specific. In some 1nstances,
the terms “specific binding” or “specifically binding,” can be
used 1n reference to the mteraction of an antibody, a protein,
or a peptide with a second chemical species, to mean that the
interaction 1s dependent upon the presence of a particular
structure (e.g., an antigenic determinant or epitope) on the
chemical species; for example, an antibody recognizes and
binds to a specific protein structure rather than to proteins
generally. IT an antibody 1s specific for epitope “A”, the
presence of a molecule containing epitope A (or Iree, unla-
beled A), in a reaction containing labeled “A” and the
antibody, will reduce the amount of labeled A bound to the
antibody.

[0113] By the term “stimulation,” 1s meant a primary
response induced by binding of a stimulatory molecule (e.g.,
a TCR/CD3 complex) with 1ts cognate ligand thereby medi-
ating a signal transduction event, such as, but not limited to,
signal transduction via the TCR/CD3 complex. Stimulation
can mediate altered expression of certain molecules, such as

downregulation of TGF-beta, and/or reorganization of cyto-
skeletal structures, and the like.

[0114] A “‘stimulatory molecule,” as the term i1s used
herein, means a molecule on a T cell that specifically binds
with a cognate stimulatory ligand present on an antigen
presenting cell.

[0115] A “stimulatory ligand,” as used herein, means a
ligand that when present on an antigen presenting cell (e.g.,
an aAPC, a dendntic cell, a B-cell, and the like) can
specifically bind with a cognate binding partner (referred to
herein as a “stimulatory molecule”) on a T cell, thereby
mediating a primary response by the T cell, including, but
not limited to, activation, initiation of an immune response,
proliferation, and the lhike. Stimulatory ligands are well-
known 1n the art and encompass, inter alia, an MHC Class
I molecule loaded with a peptide, an anti-CD3 antibody, a
superagonist ant1-CD28 antibody, and a superagonist anti-

CD2 antibody.

[0116] The term “subject” 1s mtended to include living
organisms 1n which an immune response can be elicited
(e.g., mammals). A “subject” or “patient,” as used therein,
may be a human or non-human mammal. Non-human mam-
mals 1include, for example, livestock and pets, such as ovine,
bovine, porcine, canine, feline and murine mammals. Pret-
erably, the subject 1s human.

[0117] As used herein, the term “substantially lacks an
extracellular domain™ refers to a molecule that 1s essentially
free of a domain that extrudes extracellularly. In one
embodiment, the chimeric intracellular signaling molecule
lacks any function performed by an extracellular domain,
such as antigen binding. In another embodiment, the chi-
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meric mtracellular signaling molecule includes a transmem-
brane domain but lacks a functional extracellular domain.
[0118] As used herein, the term “substantially lacks an
extracellular ligand-binding domain™ refers to a molecule
that 1s essentially free of a binding domain that specifically
binds to a molecule. In one embodiment, the chimeric
intracellular signaling molecule lacks any functional ligand-
binding domain 1n the extracellular domain, such as lacking
an antigen binding domain. In another embodiment, the
chimeric intracellular signaling molecule includes an extra-
cellular domain but lacks the capacity to specifically bind to
a ligand, such as an antigen.

[0119] As used herein, a “substantially purified” cell 1s a
cell that 1s essentially free of other cell types. A substantially
purified cell also refers to a cell which has been separated
from other cell types with which 1t 1s normally associated 1n
its naturally occurring state. In some 1nstances, a population
ol substantially purified cells refers to a homogenous popu-
lation of cells. In other instances, this term refers simply to
cell that have been separated from the cells with which they
are naturally associated in their natural state. In some
embodiments, the cells are cultured in vitro. In other
embodiments, the cells are not cultured 1n vitro.

[0120] A “‘target site” or “target sequence” refers to a
genomic nucleic acid sequence that defines a portion of a
nucleic add to which a binding molecule may specifically
bind under conditions suflicient for binding to occur.
[0121] As used herein, the term T cell receptor” or
“TCR” refers to a complex of membrane proteins that
participate 1n the activation of T cells 1n response to the
presentation ol antigen.

[0122] The TCR 1s responsible for recognizing antigens
bound to major histocompatibility complex molecules. TCR
1s composed of a heterodi Trier of an alpha (a) and beta ([3)
chain, although 1n some cells the TCR consists of gamma
and delta (y/0) chains. TCRs may exist in alpha/beta and
gamma/delta forms, which are structurally similar but have
distinct anatomical locations and functions. Each chain 1is
composed ol two extracellular domains, a variable and
constant domain. In some embodiments, the TCR may be
modified on any cell comprising a TCR, including, for
example, a helper T cell, a cytotoxic T cell, a memory T cell,
regulatory T cell, natural killer T cell, and gamma delta T
cell.

[0123] The term “therapeutic” as used herein means a
treatment and/or prophylaxis. A therapeutic eflect 1s
obtained by suppression, remission, or eradication of a
disease state.

[0124] The term “transiected” or “transformed” or *““trans-
duced” as used herein refers to a process by which exog-
enous nucleic acid 1s transferred or mtroduced into the host
cell. A “transiected” or “transformed” or “transduced” cell 1s
one which has been transfected, transformed or transduced
with exogenous nucleic acid. The cell includes the primary
subject cell and 1ts progeny.

[0125] To “treat” a disease as the term 1s used herein,
means to reduce the frequency or severity of at least one sign
or symptom ol a disease or disorder experienced by a
subject.

[0126] The term “tumor” as used herein, refers to an
abnormal growth of tissue that may be benign, pre-cancer-
ous, malignant, or metastatic.

[0127] The phrase “under transcriptional control” or
“operatively linked” as used herein means that the promoter
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1s 1n the correct location and orientation in relation to a
polynucleotide to control the initiation of transcription by
RNA polymerase and expression of the polynucleotide.
[0128] A “vector” 1s a composition of matter which com-
prises an 1solated nucleic acid and which can be used to
deliver the isolated nucleic acid to the interior of a cell.
Numerous vectors are known 1n the art including, but not
limited to, linear polynucleotides, polynucleotides associ-
ated with 1onic or amphiphilic compounds, plasmids, and
viruses. Thus, the term “vector” includes an autonomously
replicating plasmid or a virus. The term should also be
construed to include non-plasmid and non-viral compounds
which facilitate transter of nucleic acid into cells, such as,
for example, polylysine compounds, liposomes, and the like.
Examples of viral vectors include, but are not limited to,
adenoviral vectors, adeno-associated virus vectors, retrovi-
ral vectors, lentiviral vectors, and the like.

[0129] Ranges: throughout this disclosure, various aspects
of the invention can be presented 1n a range format. It should
be understood that the description 1n range format 1s merely
for convenience and brevity and should not be construed as
an 1ntlexible limitation on the scope of the invention.
Accordingly, the description of a range should be considered
to have specifically disclosed all the possible subranges as
well as individual numerical values within that range. For
example, description of a range such as from 1 to 6 should
be considered to have specifically disclosed subranges such
as from 1 to 3, from 1 to 4, from 1 to 3, from 2 to 4, from
2 1o 6, from 3 to 6 etc., as well as individual numbers within
that range, for example, 1, 2, 2.7, 3, 4, 5, 3.3, and 6. This
applies regardless of the breadth of the range.

Description

[0130] The present invention includes methods of and
compositions for enhancing T cell metabolism and activity
in order to provide T cells that are more eflective for
adoptive T cell therapy. According to the invention, T cells
are metabolically enhanced and have improved cytotoxicity
and resistance to immunsuppression imposed by tumor
microenvironments when they express a chimeric intracel-
lular signaling molecule or a chimeric antigen receptor.
[0131] The 1nvention also i1ncludes a combination
approach for adoptive cell therapy by arming the metaboli-
cally enhanced T cells with bispecific antibodies (BiAb).
The presence of T regulatory cells (CD4+/CD25"/CD127%),
granulocytic  (CD147/HLA-DR7/CD11b*/CD33™) and
monocytic (CDI147/HLA-DR™/CD117/VCD33™) myeloid
derived suppressor cell (MDSC) populations modify the
tumor microenvironment to sabotage the ability of incoming
immune effector cells. In vitro models have shown that T
cells armed with bispecific antibodies 1nhibit MDSC difler-
entiation and attenuate T regulatory and MDSC suppressor
activity (Thakur A, et al., J Transl Med., 11:35, 2013).
Arming T cells with bispecific antibodies also induced the
cells to secrete Thl cytokines, kill target cells, and expand
alter tumor engagement to shift the tumor microenvironment
to a Thl environment (Grabert, R.C., et al., Clin. Canc. Res.,
12:569-376, 2006) and vaccinate the patient with their own
tumor antigens.

[0132] Based on observations of these modified T cells, a
new modality of T cell therapy has been developed and 1s
described herein using metabolically enhanced T cells alone
or metabolically enhanced T cells that also encode a BiAb
to 1mprove treatment eflicacy.
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Chimeric Intracellular Signaling Molecule

[0133] The present invention includes a chimeric intrac-
cllular signaling molecule within a T cell. In one aspect, the
invention includes a modified T cell comprising an 1solated
nucleic acid sequence encoding a chimeric intracellular
signaling molecule, wherein the 1solated nucleic acid
sequence comprises a nucleic acid sequence of an intracel-
lular domain of a co-stimulatory molecule and substantially
lacks an extracellular ligand-binding domain, wherein the T
cell expresses the chimeric intracellular signaling molecule.
[0134] In another aspect, the mnvention includes a modified
T cell comprising a chimeric intracellular signaling mol-
ecule, wherein the chimeric intracellular signaling molecule
comprises an intracellular domain of a co-stimulatory mol-
ecule and substantially lacks an extracellular ligand-binding
domain.

[0135] In yet another aspect, the invention includes a
population of cells comprising a nucleic acid encoding a
chimeric intracellular signaling molecule comprising an
intracellular domain and substantially lacks an extracellular
ligand-binding domain, wherein the population of cells
express the chimeric intracellular signaling molecule.
[0136] In one embodiment, the chimeric intracellular sig-
naling molecule lacks any functional ligand-binding domain
in the extracellular domain, such as lacking an antigen
binding domain. In another embodiment, the chimeric 1ntra-
cellular signaling molecule 1ncludes an extracellular
domain, but lacks the capacity to specifically bind to a ligand
or molecule. In vet another embodiment, the chimeric intra-
cellular signaling molecule substantially lacks an extracel-
lular domain.

[0137] In another aspect, the mvention includes a meta-
bolically enhanced T cell comprising a chimeric intracellular
signaling molecule comprising an intracellular domain of a
co-stimulatory molecule and an extracellular domain com-
prising a non-antigen binding domain of an antibody, such
as a single chain fragment comprising the non-antigen
binding portion and lacking the varnable region or a Fc
portion of an antibody, 1.e., IgD or IgA.

[0138] In yet another aspect, the invention includes a a
metabolically enhanced T cell comprising a chimeric intra-
cellular signaling molecule comprising an intracellular
domain of a co-stimulatory molecule, and substantially lacks
an extracellular ligand-binding domain. The metabolically
enhanced T cell expresses the chimeric intracellular signal-
ing molecule. In certain embodiments, expression of the
chimeric 1ntracellular signaling molecule metabolically
enhances the T cell. In some embodiments, expression of the
chimeric intracellular signaling molecule improves cytotox-
icity and resisitance to immunosuppression when in a tumor
microenvironment.

[0139] Intracellular Domain

[0140] The intracellular domain or otherwise the cytoplas-
mic domain of the chimeric intracellular signaling molecule
of the mvention, 1s responsible for activation of the cell 1n
which the chimeric intracellular signaling molecule 1s
expressed. The term “intracellular domain™ 1s thus meant to
include any truncated portion of the intracellular domain
suilicient to transduce the activation signal. In one embodi-
ment, the intracellular domain includes a domain respon-
sible for an eflector function. The term “‘efiector function”
refers to a specialized function of a cell. Effector function of
a T cell, for example, may be cytolytic activity or helper
activity including the secretion of cytokines.

Ll
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[0141] In one embodiment, the intracellular domain
includes a domain responsible for signal activation and/or
transduction. The intracellular domain may transmit signal
activation via protein-protein interactions, biochemical
changes or other response o alter the cell’s metabolism,
shape, gene expression, or other cellular response to acti-
vation of the chimeric intracellular signaling molecule.
[0142] In one embodiment, a cell comprising a chimeric
intracellular signaling molecule 1s metabolically enhanced.
In another embodiment, a cell comprising a chimeric intra-
cellular signaling molecule has improved cytotoxicity and
resistance to immunosuppression, such as when the cell 1s 1n
a tumor microenvironment.

[0143] Examples of an intracellular domain for use in the
invention iclude, but are not limited to, the cytoplasmic
portion of the T cell receptor (ICR) and any co-stimulatory
molecule that acts 1n concert to mitiate signal transduction
following antigen receptor engagement, as well as any
derivative or variant of these elements and any synthetic
sequence that has the same functional capability.

[0144] Examples of the intracellular domain include a
fragment or domain from one or more molecules or recep-
tors including, but not limited to, TCR, CD3 zeta, CD3
gamma, CD3 delta, CD3 epsilon, CD86, common FcR
gamma, FcR beta (Fc¢ Epsilon Rib), CD79a, CD79b,
Fcgamma RlIla, DAP10, DAP12, T cell receptor (TCR),
CD27, CD28, 4-1BB (CD137), OX40, CD30, CD40, PD-1,
ICOS, lymphocyte function-associated antigen-1 (LFA-1),
CD2, CD7, LIGHT, NKG2C, B7-H3, a ligand that specifi-
cally blIldS with CD83, CDS, ICAM 1, GITR, BAFFR,
HVEM (LIGHTR), SLAMF7, NKp80 (KLRFl) CD127,
CD160, CD19, CD4, CD8alpha, CD8beta, IL2R beta, IL2R
gamma, [L7R alpha ITGA4, VLAIL, CD49a, ITGA4, 1A4,
[0145] CD49D, ITGA6, VLA-6, CD49fj ITGAD, CD11d,
ITGAE, CD103, ITGAL, CDI11 a, LFA-1, ITGAM, CDl11b,
ITGAX, CDI11 c, ITGBI1, CD29, ITGB2, CDI18, LFA-1,
ITGB7, TNFR2, TRANCE/RANKL, DNAMI1 (CD226),
SLAME4 (CD244, 2B4), CDg84, CD96 (Tactile),
CEACAMI1, CRTAM, Ly9 (CD229), CD160 (BY35),
PSGL1, CD100 (SEMA4D), CD69, SLAMF6 (NTB-A,
Ly108), SLAM (SLAMF1, CDI150, IPO-3), BLAME
(SLAMEFS), SELPLG

[0146] (CDI162), LTBR, LAT, GADS, SLP-76, PAG/Cbp,
NKp44, NKp30, NKp46, NKG2D, other co-stimulatory
molecules described herein, any derivative, variant, or frag-
ment thereof, any synthetic sequence of a co-stimulatory
molecule that has the same functional capability, and any
combination thereof.

[0147] In one embodiment, the mtracellular domain of the
chimeric intracellular signaling molecule includes any por-
tion of a co-stimulatory molecule, such as at least one
signaling domain from CD3, CD27, CD28, 1COS, 4-1BB,
PD-1, T cell receptor (TCR), co-stimulatory molecules, any
derivative or variant of these sequences, any synthetic
sequence that has the same functional capability, and any
combination thereof.

[0148] Other Domains of the Chimeric Intracellular Sig-
naling Molecule

[0149] The chimeric intracellular signaling molecule may
include a detectable tag. As used herein, the term “protein
tag” or “detectable tag” or “tag” generally means any oligo-
or polypeptide that 1s connected to the chimeric intracellular
signaling molecule to detect the chimeric intracellular sig-
naling molecule. The tag may be attached to the intracellular

[T]
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domain, a hinge domain, a transmembrane domain or other
domain of the chumeric intracellular signaling molecule. The
tag may include up to 100 amino acids, between 10 to 50
amino acids, or between 5 to 25 amino acids. The tag may
be removed or cleaved from the chimeric intracellular
signaling molecule by a chemical agent or enzyme, such as
protease, intein splicing, peptidase, etc. The tag may also be
used for afhinmity purification of the chimeric intracellular
signaling molecule. Examples of a tag includes, but 1s not
limited to, chitin binding protein, maltose binding protein,
thioredoxin-tag, fluorescent tag, glutathione-S-transierase
(GST), poly(His) tag, V5-tag, Myc-tag, HA-tag, biotin or
biotin-like molecules, streptavidin binding molecules,
FLAG tag, or other tags known in the art.

[0150] The chimeric intracellular signaling molecule may
include a spacer domain. As used herein, the term “spacer
domain” generally means any oligo- or polypeptide that
functions to link any domains, such as linking the trans-
membrane domain to, either the extracellular domain or, the
cytoplasmic domain in the polypeptide chain. A spacer
domain may be on one or both ends of the chimeric
intracellular signaling molecule. A spacer domain may com-
prise up to 300 amino acids, preferably 10 to 100 amino
acids and most preferably 25 to 50 amino acids.

[0151] In some embodiments, the chimeric intracellular
signaling molecule further comprises a hinge and/or trans-
membrane domain. In one embodiment, the chimeric intra-
cellular signaling molecule further comprises a hinge and/or
transmembrane domain, such as a CD28 transmembrane
domain and a CD&8-alpha hinge domain. Examples of the
hinge and/or transmembrane domain include, but are not
limited to, a hinge and/or transmembrane domain of an
alpha, beta or zeta chain of a T-cell receptor, CD28, CD3
epsilon, CD45, CD4, CDS, CDS8, CD9, CD16, CD22, CD33,
CD37, CD64, CD80, CD86, CD134, CD137, CD1534, KIR,
0X40, CD2, CD27, LFA-1 (CD11 a, CDI18), ICOS
(CD278), 4-1BB (CD137), GITR, CD40, BAFFR, HVEM
(LIGHTR), SLAMF7, NKp80 (KLRF1), CD160, CD19,
IL2R beta, IL2R gamma, IL7R a, ITGA1, VLAI, CD49a,
ITGA4, 1A4, CD49D, ITGA6, VLA-6, CD491, ITGAD,
CD11d, ITGAE, CD103, ITGAL, CD11 a, LFA-1, ITGAM,
CDl11b, ITGAX, CDI11 c, ITGBI1, CD29, ITGB2, CDI1S,
LFA-1, ITGB7, TNFR2, DNAMI1 (CD226), SLAMF4
(CD244, 2B4), CDR84, (CD96 (Tactile)) CEACAMI,
CRTAM, Ly9 (CD229), CD160 (BY55), PSGLI, CDIOO
(SEMA4D), SLAMEF6 (NTB-A, Ly108), SLAM (SLAM 1,
CD150, IPO-3), BLAME (SLAMER), SELPLG (CD162),
LTBR, PAG/Cbp, NKp44, NKp30, NKpd6, NKG2D,
NKG2C, and any combination thereof.

Bispecific Antibody

[0152] The present invention also encompasses a bispe-
cific antibody. In one embodiment, the metabolically
enhanced cell of the invention further compnses a bispecific
antibody. The bispecific antibody comprises two ditfierent
binding specificities and thus binds to two different antigens.
In such an embodiment, the bispecific antibody comprises a
first antigen binding domain that binds to a first antigen and
a second antigen binding domain that binds to a second
antigen. The bispecific antibody may specifically bind to
more than one epitope on the same target, such as a cell or
receptor, or to more than one epitope on diflerent targets. In
another embodiment, the bispecific antibody comprises a
bispecific antigen binding domain.
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[0153] The present invention should not be construed to be
limited to any particular bispecific antibody. Rather, any
bispecific antibody 1s useful in the present invention. The
bispecific antibody may be constructed from a synthetic
antibody, a human antibody, a humanized antibody, a single
chain varnable fragment (scFv), a single domain antibody, an
antigen binding fragment thereof, and any combination
thereol. In one embodiment, the bispecific antibody 1s
constructed by linking two different antibodies, or portions
thereot, such as Fab, F(ab')2, Fab', scFv, and sdAb from two
different antibodies. Techmiques for making human and
humanized antibodies and antibody fragments, such as a
scFv, are also described elsewhere herein. In another
embodiment, the bispecific antibody comprises an antigen
binding domain comprising a first and a second single chain
variable fragment (sckFv) molecule.

[0154] Techniques for engineering and expressing bispe-
cific antibodies include, but are not limited to, recombinant
co-expression of two immmunoglobulin heavy chain-light

chain pairs having different specificities (see Milstein and
Cuello, Nature 305: 537 (1983), WO 93/08829, and Trau-

necker et al., EMBO J. 10: 3635 (1991)), and “knob-in-hole”
engineering (see, e.g., U.S. Pat. No. 35,731,168). Multi-
specific antibodies may also be made by engineering elec-
trostatic steering eflects for making antibody Fc-heterodi-
meric molecules (WO 2009/089004A1); cross-linking two
or more antibodies or fragments (see, e.g., U.S. Pat. No.
4,676,980, and Brennan et al., Science 229:81 (1985)); using
leucine zippers to produce bispecific antibodies (see, e.g.,
Kostelny et al., J. Immunol. 148(5):1547-15353 (1992));
using “diabody” technology for making bispecific antibody
fragments (see, e.g., Hollinger et al., Proc. Natl. Acad. Sci.
USA, 90:6444-6448 (1993)); and using single-chain Fv
(sckFv) dimers (see, e.g. Gruber et al., J. Immunol., 152:5368
(1994)); and preparing trispecific antibodies as described,
e.g., 1n Tutt et al. J. Immunol. 147: 60 (1991). Engineered
antibodies with three or more functional antigen binding
sites, including “Octopus antibodies,” are also included

herein (see, e.g. US 2006/0025576A1).

[0155] The present mvention includes a bispecific anti-
body having an antigen binding domain that binds to a target
cell. In one embodiment, the bispecific antibody has speci-
ficity for a target cell antigen. In another embodiment, the
bispecific antibody comprises an antibody or fragment
thereot that specifically binds to the target cell antigen. The
target cell antigen may include the same target cell antigen
that the T cell receptor binds to or may include a different
target cell antigen. The target cell antigen may 1nclude any
type of ligand found on the surface of a target cell including
ligands on T cells (e.g. CD3, CD2, or other antigens
expressed on T cell blasts). For example, the target cell
antigen may be chosen because it recognizes a ligand that
acts as a cell marker on a target cell that 1s associated with
a particular disease state. Thus examples of cell markers that
may act as ligands for the antigen moiety domain i a
bispecific antibody include those associated with viral, bac-
terial and parasitic infections, autoimmune disease and can-
cer cells. In one embodiment, the target cell antigen includes
any tumor associated antigen (TAA), any viral antigen, or
any fragment thereof.

[0156] In another embodiment, the bispecific antibody has
specificity for at least one antigen on a T cell, such as the
metabolically enhanced T cell as described elsewhere
herein. The T cell antigen includes an antigen found on the
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surface of a T cell. The T cell antigen may include a
co-stimulatory molecule as described elsewhere herein. In
one embodiment, the T cell antigen 1s CD3, CD4, CDS8, T
cell receptor (TCR), or any fragment thereof. In this embodi-
ment, the bispecific antibody comprises an antibody that
specifically binds to the T cell antigen. Examples of the
bispecific antibody may include anti-CD3, anti-CD4, anti-
CD8, ant1-TCR, anti-IgD Fc, anti-IgA Fc, any fragment
thereof, and any combination thereof. The other target
antigen of the bispecific antibody could also be a T cell
antigen such as CD3, CD4, CDS8, TCR, or any fragment
thereof (e.g. anti-CD3 x anti-CD3 construct). In another
embodiment, the bispecific antibody 1s chemically hetercon-
jugated to a polyclonal antibody specific for a tumor-
associated antigen (TAA), and the T cell specifically binds
the TAA polyclonal antibody.

[0157] Another embodiment of the invention includes the
metabolically enhanced T cell described herein wherein the
first antigen binding domain binds to a target cell and a
second antigen binding domain binds to an activated T cell.
[0158] The metabolically enhanced T cell described else-
where herein may be armed with the bispecific antibody.
When a cell 1s armed with the bispecific antibody, the cell 1s
contacted with bispecific antibody and the bispecific anti-
body specifically binds to an antigen on the surface of the
cell through one antigen binding domain of the bispecific
antibody. In another embodiment, the T cell 1s armed with
two or more bispecific antibodies and the T cell displays the
two or more bispecific antibodies. In such an embodiment,
the T cell specifically binds to at least two of the bispecific
antibodies.

[0159] Alternatively, the bispecific antibody may be
expressed and secreted by the cell. When the cell expresses
the bispecific antibody, a nucleic acid sequence encoding the
bispecific antibody may be introduced into the cell. The
nucleic acid sequence may be introduced by any method
described elsewhere herein or other methods known 1n the
art. In one embodiment, the cell 1s electroporated with a
nucleic acid sequence encoding the bispecific antibody.

Chimeric Antigen Receptor (CAR)

[0160] In another aspect of the mvention, the metaboli-
cally enhanced T cell 1s generated by expressing a CAR
therein. Thus, the present invention encompasses a CAR and
a nucleic acid construct encoding a CAR, wherein the CAR
includes an antigen binding domain, a transmembrane
domain and an itracellular domain.

[0161] One or more domains or a fragment of a domain of
the CAR may be human. In one embodiment, the present
invention includes a fully human CAR. The nucleic acid
sequences coding for the desired domains can be obtained
using recombinant methods known 1n the art, such as, for
example by screening libraries from cells expressing the
gene, by denving the gene from a vector known to include
the same, or by 1solating directly from cells and tissues
containing the same, using standard techniques. Alterna-
tively, the gene of interest can be produced synthetically,
rather than as a cloned molecule.

[0162] In one aspect, the invention includes a metaboli-
cally enhanced, tumor specific T cell comprising a chimeric
antigen receptor (CAR) and a bispecific antibody, wherein
the CAR comprises an antigen binding domain, a transmem-
brane domain and an intracellular domain of a co-stimula-
tory molecule, and the bispecific antibody binds to a target
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on a tumor cell and the T cell, and wherein the T cell has
improved cytotoxicity and resistance to immunosuppression
at a solid tumor site. In one embodiment, the T cell com-
prises a nucleic acid sequence encoding the CAR and,
optionally, a nucleic acid sequence encoding the bispecific
antibody.

[0163] Antigen Binding Domain

[0164] In one embodiment, the CAR of the mvention
comprises an antigen binding domain that binds to an
antigen on a target cell. Examples of cell surface markers
that may act as an antigen that binds to the antigen binding
domain of the CAR include those associated with viral,
bacterial and parasitic infections, autormmune disease, and
cancer cells.

[0165] The choice of antigen binding domain depends
upon the type and number of antigens that are present on the
surface of a target cell. For example, the antigen binding
domain may be chosen to recognize an antigen that acts as
a cell surface marker on a target cell associated with a
particular disease state.

[0166] In one embodiment, the antigen binding domain
binds to a tumor antigen, such as an antigen that 1s specific
for a tumor or cancer of interest. In one embodiment, the
tumor antigen of the present mvention comprises one or
more antigenic cancer epitopes.

[0167] The antigen binding domain can include any
domain that binds to the antigen and may include, but is not
limited to, a monoclonal antibody, a polyclonal antibody, a
synthetic antibody, a human antibody, a humamzed anti-
body, a non-human antibody, and any fragment thereof.
Thus, 1n one embodiment, the antigen binding domain
portion comprises a mammalian antibody or a fragment
thereof.

[0168] In some instances, 1t 1s beneficial for the antigen
binding domain to be derived from the same species in
which the CAR will ultimately be used in. For example, for
use 1 humans, 1t may be beneficial for the antigen binding,
domain of the CAR to comprise a human antibody, human-
1zed antibody as described elsewhere herein, or a fragment
thereol.

[0169] It 1s also beneficial that the antigen binding domain
1s operably linked to another domain of the CAR, such as the
transmembrane domain or the intracellular domain, both
described elsewhere herein, for expression in the cell. In one
embodiment, a nucleic acid encoding the antigen binding
domain 1s operably linked to a nucleic acid encoding a
transmembrane domain and a nucleic acid encoding an
intracellular domain.

[0170] Transmembrane Domain

[0171] With respect to the transmembrane domain, the
CAR can be designed to comprise a transmembrane domain
that connects the antigen binding domain of the CAR to the
intracellular domain. In one embodiment, the transmem-
brane domain 1s naturally associated with one or more of the
domains 1in the CAR. In some instances, the transmembrane
domain can be selected or modified by amino acid substi-
tution to avoid binding of such domains to the transmem-
brane domains of the same or diflerent surface membrane
proteins to minimize interactions with other members of the
receptor complex.

[0172] The transmembrane domain may be derived either
from a natural or from a synthetic source. Where the source
1s natural, the domain may be derived from any membrane-
bound or transmembrane protein. Transmembrane regions of
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particular use in this invention may be derived from (1.c.
comprise at least the transmembrane region(s) of) the alpha,
beta or zeta chain of the T-cell receptor, CD28, CD3 epsilon,
CD45, CD4, CDS, CDS8, CD9, CD16, CD22, CD33, CD37,
CD64, CDR80, CDR86, CDI134, CD137, CDI154. In some
instances, a variety of human hinges can be employed as
well including the human Ig (immunoglobulin) hinge.

[0173] In one embodiment, the transmembrane domain
may be synthetic, 1n which case it will comprise predomi-
nantly hydrophobic residues such as leucine and valine.
Preferably a triplet of phenylalanine, tryptophan and valine
will be found at each end of a synthetic transmembrane
domain.

(0174]

[0175] The mtracellular domain or otherwise the cytoplas-
mic domain of the CAR includes a similar or the same
intracellular domain as the chimeric intracellular signaling
molecule described elsewhere herein, and 1s responsible for
activation of the cell 1n which the CAR 1s expressed.

[0176] In one embodiment, the intracellular domain of the
CAR 1ncludes a domain responsible for signal activation
and/or transduction.

[0177] Examples of an intracellular domain for use in the
invention include, but are not limited to, the cytoplasmic
portion of the T cell receptor (1CR) and any co-stimulatory
molecule that acts 1n concert to initiate signal transduction
following antigen receptor engagement, as well as any
derivative or variant of these elements and any synthetic
sequence that has the same functional capability.

[0178] Examples of the intracellular domain include a
fragment or domain from one or more molecules or recep-
tors including, but are not limited to, TCR, CD3 zeta, CD3
gamma, CD3 delta, CD3 epsilon, CD86, common FcR
gamma, FcR beta (Fc Epsilon Rib), CD79a, CD79b,
Fcgamma RlIla, DAP10, DAP12, T cell receptor (TCR),
CD27, CD28, 4-1BB (CD137), 0X40, CD30, CD40, PD-1,
ICOS, lymphocyte function-associated antigen-1 (LFA-1),
CD2, CD7, LIGHT, NKG2C, B7-H3, a ligand that specifi-
cally bmds with CD83, CDS, ICAM-1, GITR, BAFFR,
HVEM (LIGHTR), SLAMEF7, NKp80 (KLRFl) CD127,
CD160, CD19, CDA4, CDSalpha CD8beta, IL2R beta, IL2R
gamma, IL7R alpha, ITGA4, VLAI, CD49a, ITGA4, 1A4,
CD49D, ITGAG6, VLA-6, CD491 ITGAD CDl11d, ITGAE,
CD103, ITGAL, CD11 a, LFA-1, ITGAM CDl11b, ITGAX,
CDI11 c, ITGB1, CD29, ITGB2, CD18, LFA-1, ITGB7,
TNFR2, TRANCE/RANKL, DNAMI1 (CD226), SLAMF4
(CD244, 2B4), CDRg4, (CD96 (Tactile)) CEACAMI,
CRTAM, Ly9 (CD229), CD160 (BY55), PSGL1, CD100
(SEMA4D), CD69, SLAMF6 (NTB-A, Lyl08), SLAM
(SLAMF1, CD150, IPO-3), BLAME (SLAMES), SELPLG

[0179] (CD162), LTBR, LAT, GADS, SLP-76, PAG/Cbp,
NKp44, NKp30, NKpd46, NKG2D, other co-stimulatory
molecules described herein, any derivative, variant, or frag-
ment thereof, any synthetic sequence of a co-stimulatory
molecule that has the same functional capability, and any
combination thereof

[0180] In one embodiment, the intracellular domain of the
CAR includes any portion of a co-stimulatory molecule,
such as at least one signaling domain from CD3, CD27,

CD28, ICOS, 4-1BB, PD-1, T cell receptor (TCR) any
derivative or variant thereol, any synthetic sequence thereof
that has the same functional capability, and any combination
thereof.

Intracellular Domain
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[0181] Between the antigen binding domain and the trans-
membrane domain of the CAR, or between the intracellular
domain and the transmembrane domain of the CAR, a spacer
domain may be incorporated. As used herein, the term
“spacer domain” generally means any oligo- or polypeptide
that functions to link any domain, such as linking the
transmembrane domain to, either the antigen binding
domain or, the itracellular domain 1n the polypeptide chain.
The spacer domain may be on one or both ends of the CAR.
In one embodiment, the spacer domain may comprise up to
300 amino acids, preferably 10 to 100 amino acids and most
preferably 25 to amino acids. In another embodiment, a
short oligo- or polypeptide linker, preferably between 2 and
10 amino acids 1n length may form the linkage between the
transmembrane domain and the intracellular domain of the
CAR. An example of a linker includes a glycine-serine

doublet.
[0182] Human Antibodies

[0183] It may be preferable to use human antibodies or
fragments thereol when using bispecific antibodies or the
antigen binding domains of a CAR. Completely human
antibodies are particularly desirable for therapeutic treat-
ment of human subjects. Human antibodies can be made by
a variety of methods known in the art including phage
display methods using antibody libraries derived from

human immunoglobulin sequences, including improvements
to these techniques. See, also, U.S. Pat. Nos. 4,444,887 and

4716,111; and PCT publications WO 98/46645, WO
08/50433, WO 98/24893, WO 98/16654, WO 96/34096,
WO 96/33735, and WO 91/10741; each of which 1s incor-
porated herein by reference in 1ts entirety. The bispecific
antibody can also include an antibody wherein the heavy and
light chains are encoded by a nucleotide sequence derived
from one or more sources of human DNA.

[0184] Human antibodies can also be produced using
transgenic mice which are incapable of expressing func-
tional endogenous immunoglobulins, but which can express
human immunoglobulin genes. For example, the human
heavy and light chain immunoglobulin gene complexes may
be introduced randomly or by homologous recombination
into mouse embryonic stem cells. Alternatively, the human
variable region, constant region, and diversity region may be
introduced 1nto mouse embryonic stem cells 1n addition to
the human heavy and light chain genes. The mouse heavy
and light chain 1immunoglobulin genes may be rendered
non-functional separately or simultaneously with the intro-
duction of human immunoglobulin loci by homologous
recombination. For example, 1t has been described that the
homozygous deletion of the antibody heavy chain joiming
region (JH) gene in chimeric and germ-line mutant mice
results 1n complete mhibition of endogenous antibody pro-
duction. The modified embryonic stem cells are expanded
and microinjected 1nto blastocysts to produce chimeric mice.
The chimeric mice are then bred to produce homozygous
oflspring which express human antibodies. The transgenic
mice are immunized in the normal fashion with a selected
antigen, e.g., all or a portion of a polypeptide of the
invention. Antibodies directed against the target of choice
can be obtained from the immunized, transgenic mice using
conventional hybridoma technology. The human immuno-
globulin transgenes harbored by the transgenic mice rear-
range during B cell differentiation, and subsequently
undergo class switching and somatic mutation. Thus, using,
such a technique, 1t 1s possible to produce therapeutically
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usetul IgG, IgA, IgM and IgE antibodies, including, but not
limited to, IgG1 (gamma 1) and IgG3. For an overview of
this technology for producing human antibodies, see, Lon-
berg and Huszar (Int. Rev. Immunol., 13:63-93 (1993)). For
a detailed discussion of this technology for producing
human antibodies and human monoclonal antibodies and
protocols for producing such antibodies, see, e.g., PCT
Publication Nos. WO 98/24893, WO 96/34096, and WO
06/33735; and U.S. Pat. Nos. 5,625,126; 5,633,425; 5,569,
825; 5,661,016; 5,545,806; 5,814,318; and 5,939,598, each
of which 1s incorporated by reference herein in their entirety.
In addition, companies such as Abgenix, Inc. (Freemont,
Calif) and Genpharm (San Jose, Calif.) can be engaged to
provide human antibodies directed against a selected antigen
using technology similar to that described above. For a
specific discussion of transfer of a human germ-line 1mmu-
noglobulin gene array in germ-line mutant mice that waill
result 1in the production of human antibodies upon antigen
challenge see, e.g., Jakobovits et al., Proc. Natl. Acad. Sci.
USA, 90:2551 (1993); Jakobovits et al., Nature, 362:255-

258 (1993); Bruggermann et al., Year in Immunol., 7:33
(1993); and Duchosal et al., Nature, 355:258 (1992).

[0185] Human antibodies can also be derived from phage-
display libraries (Hoogenboom et al., J. Mol. Biol., 227:381

(1991); Marks et al., J. Mol. Biol., 222:581-397 (1991);
Vaughan et al., Nature Biotech., 14:309 (1996)). Phage
display technology (McCaltlerty et al., Nature, 348:552-553

(1990)) can be used to produce human antibodies and
antibody fragments 1n vitro, from immunoglobulin variable
(V) domain gene repertoires irom unimmunized donors.
According to this technique, antibody V domain genes are
cloned in-frame into either a major or minor coat protein
gene of a filamentous bacteriophage, such as M13 or 1d, and
displayed as functional antibody fragments on the surface of
the phage particle. Because the filamentous particle contains
a single-stranded DNA copy of the phage genome, selec-
tions based on the functional properties of the antibody also
result 1n selection of the gene encoding the antibody exhib-
iting those properties. Thus, the phage mimics some of the
properties of the B cell. Phage display can be performed in
a variety of formats; for their review see, e.g., Johnson,
Kevin S, and Chiswell, David J., Current Opinion 1n Struc-
tural Biology 3:564-571 (1993). Several sources of V-gene
segments can be used for phage display. Clackson et al.,
Nature, 352:624-628 (1991) 1solated a diverse array of
anti-oxazolone antibodies from a small random combinato-
rial library of V genes derived from the spleens of unim-
munized mice. A repertoire of V genes from unimmunized
human donors can be constructed and antibodies to a diverse
array ol antigens (including self-antigens) can be 1solated

essentially following the techniques described by Marks et
al., J. Mol. Biol., 222:381-397 (1991), or Griflith et al.,

EMBO 1., 12:725-734 (1993). See, also, U.S. Pat. Nos.
5,565,332 and 5,573,903, each of which 1s incorporated

herein by reference 1n 1ts entirety.

[0186] Human antibodies may also be generated by 1n
vitro activated B cells (see, U.S. Pat. Nos. and 5,229,275,
cach of which 1s incorporated herein by reference in 1ts
entirety). Human antibodies may also be generated 1n vitro

using hybridoma techniques such as, but not limited to, that
described by Roder et al. (Methods Enzymol., 121:140-167

(1986)).
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Humanized Antibodies

[0187] Altematively, in some embodiments, a non-human
antibody can be humanized, where specific sequences or
regions of the antibody are modified to increase similarity to
an antibody naturally produced 1n a human. For instance, 1n
the present mvention, the antibody or fragment thereol may
comprise a non-human mammalian scFv. In one embodi-
ment, the antigen binding domain portion 1s humanized.

[0188] A humanized antibody can be produced using a
variety of techniques known 1n the art, including but not
limited to, CDR-grafting (see, e.g., European Patent No. EP
239.400; International Publication No. WO 91/09967; and
U.S. Pat. Nos. 5,225,539, 5,530,101, and 5,585,089, each of
which 1s incorporated herein 1n 1ts entirety by reference),

veneering or resuriacing (see, e.g., Buropean Patent Nos. EP
592,106 and EP 519,596; Padlan, 1991, Molecular Immu-

nology, 28(4/5):489-498; Studnicka et al., 1994, Protein
Engineering, 7(6):805-814; and Roguska et al., 1994,
PNAS, 91:969-973, each of which 1s incorporated herein by
its entirety by reference), chain shutliling (see, e.g., U.S. Pat.
No. 5,565,332, which 1s incorporated herein 1n its entirety by

reference), and techniques disclosed 1n, e.g., U.S. Patent
Application Publication No. US2005/0042664, U.S. Patent

Application Publication No. US2005/0048617, U.S. Pat.
No. 6,407,213, U.S. Pat. No. 5,766,886, International Pub-
lication No. WO 9317105, Tan et al., J. Immunol., 169:1119-
25 (2002), Caldas et al., Protein Eng., 13(5):353-60 (2000),
Morea et al., Methods, 20(3):267-79 (2000), Baca et al., .
Biol. Chem., 272(16):10678-84 (1997), Roguska et al.,
Protein Eng., 9(10):895-904 (1996), Couto et al., Cancer
Res., 55 (23 Supp):5973s-5977s (1995), Couto et al., Cancer
Res., 55(8):1717-22 (1995), Sandhu J S, Gene, 150(2):409-
10 (1994), and Pedersen et al., J. Mol. Biol., 235(3):959-73
(1994), each of which 1s incorporated herein 1n 1ts entirety
by reference. Often, framework residues 1n the framework
regions will be substituted with the corresponding residue
from the CDR donor antibody to alter, preferably improve,
antigen binding. These framework substitutions are 1dent-
fied by methods well-known 1n the art, ¢.g., by modeling of
the interactions of the CDR and framework residues to
identily framework residues important for antigen binding
and sequence comparison to identily unusual framework
residues at particular positions. (See, e.g., Queen et al., U.S.
Pat. No. and Riechmann et al., 1988, Nature, 332:323, which
are 1ncorporated herein by reference in their entireties.)

[0189] A humanized antibody has one or more amino acid
residues introduced into i1t from a source which 1s nonhu-
man. These nonhuman amino acid residues are often
referred to as “import” residues, which are typically taken
from an “import” variable domain. Thus, humanized anti-
bodies comprise one or more CDRs from nonhuman immu-
noglobulin molecules and framework regions from human.
Humanization of antibodies 1s well-known 1n the art and can
essentially be performed following the method of Winter
and co-workers (Jones et al., Nature, 321:522-525 (1986);
Riechmann et al., Nature, 332:323-3277 (1988); Verhoeyen et
al., Science, 239:1534-1536 (1988)), by substituting rodent
CDRs or CDR sequences for the corresponding sequences of
a human antibody, 1.e., CDR-gratting (EP 239,400; PCT
Publication No. WO 91/09967; and U.S. Pat. Nos. 4,816,
567, 6,331,415; 35,225,539; 5,530,101; 35,585,089; 6,548,
640, the contents of which are incorporated herein by
reference herein in their entirety). In such humanized chi-
meric antibodies, substantially less than an intact human
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variable domain has been substituted by the corresponding
sequence from a nonhuman species. In practice, humanized
antibodies are typically human antibodies in which some
CDR residues and possibly some framework (FR) residues
are substituted by residues from analogous sites in rodent
antibodies. Humanization of antibodies can also be achieved

by veneering or resurtacing (EP 592,106; EP 519,396;
Padlan, 1991, Molecular Immunology, 28(4/5):489-498;
Studnicka et al., Protein Engineering, 7(6):805-814 (1994);
and Roguska et al., PNAS, 91:969-973 (1994)) or chain
shuflling (U.S. Pat. No. 5,565,332), the contents of which
are incorporated herein by reference herein in their entirety.
[0190] The choice of human variable domains, both light
and heavy, to be used 1n making the humanized antibodies
1s to reduce antigenicity. According to the so-called “best-
f1t” method, the sequence of the variable domain of a rodent
antibody 1s screened against the entire library of known
human variable-domain sequences. The human sequence
which 1s closest to that of the rodent 1s then accepted as the
human framework (FR) for the humanized antibody (Sims et
al., J. Immunol., 151:2296 (1993); Chothia et al., J. Mol.
Biol., 196:901 (1987), the contents of which are incorpo-
rated herein by reference herein 1n their entirety). Another
method uses a particular framework derived from the con-
sensus sequence of all human antibodies of a particular
subgroup of light or heavy chains. The same framework may

be used for several different humanized antibodies (Carter et
al., Proc. Natl. Acad. Sc1. USA, 89:4285 (1992); Presta et al.,

J. Immunol., 151:2623 (1993), the contents of which are
incorporated herein by reference herein in their entirety).
[0191] Antibodies can be humanized with retention of
high athnity for the target antigen and other favorable
biological properties. According to one aspect of the mven-
tion, humanized antibodies are prepared by a process of
analysis of the parental sequences and various conceptual
humanized products using three-dimensional models of the
parental and humanized sequences. Three-dimensional
immunoglobulin models are commonly available and are
familiar to those skilled in the art. Computer programs are
available which illustrate and display probable three-dimen-
sional conformational structures of selected candidate
immunoglobulin sequences. Inspection of these displays
permits analysis of the likely role of the residues in the
functioning of the candidate immunoglobulin sequence, 1.¢.,
the analysis of residues that influence the ability of the
candidate immunoglobulin to bind the target antigen. In this
way, FR residues can be selected and combined from the
recipient and import sequences so that the desired antibody
characteristic, such as increased atlinity for the target anti-
gen, 15 achieved. In general, the CDR residues are directly
and most substantially involved 1n influencing antigen bind-
ing.

[0192] A humanized antibody retains a similar antigenic
specificity as the original antibody. However, using certain
methods of humanization, the athnity and/or specificity of
binding of the antibody to the target antigen may be
increased using methods of “directed evolution,” as
described by Wu et al., J. Mol. Biol., 294:151 (1999), the
contents of which are incorporated by reference herein 1n
their entirety.

Vectors

[0193] A vector may be used to introduce the chimeric
intracellular signaling molecule or the CAR mto a'T cell as
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described elsewhere herein. In one aspect, the mvention
includes a vector comprising a nucleic acid sequence encod-
ing a chimeric intracellular signaling molecule and, option-
ally, a nucleic acid sequence encoding a bispecific antibody
as described herein. In another aspect, the invention includes
a vector comprising a nucleic acid sequence encoding a
CAR and, optionally, a nucleic acid sequence encoding a
bispecific antibody as described herein. In one embodiment,
the vector comprises a plasmid vector, viral vector, ret-
rotransposon (e.g. piggyback, sleeping beauty), site directed
isertion vector (e.g. CRISPR, zn finger nucleases, TALEN),
or suicide expression vector, or other known vector 1n the
art.

[0194] All constructs mentioned above are capable of use
with 3rd generation lentiviral vector plasmids, other viral
vectors, or RNA approved for use i human cells. In one
embodiment, the vector 1s a viral vector, such as a lentiviral
vector. In another embodiment, the vector 1s a RNA vector.

[0195] The production of any of the molecules described
herein can be verified by sequencing. Expression of the full
length proteins may be verified using immunoblot, 1mmu-

nohistochemistry, flow cytometry or other technology well
known and available 1n the art.

[0196] The present invention also provides a vector 1n
which DNA of the present invention is inserted. Vectors,
including those derived from retroviruses such as lentivirus,
are suitable tools to achieve long-term gene transfer since
they allow long-term, stable integration of a transgene and
its propagation 1n daughter cells. Lentiviral vectors have the
added advantage over vectors derived from onco-retrovi-
ruses, such as murine leukemia viruses, in that they can
transduce non-proliferating cells, such as hepatocytes. They
also have the added advantage of resulting 1n low 1mmuno-
genicity 1n the subject into which they are introduced.

[0197] The expression of natural or synthetic nucleic acids
1s typically achieved by operably linking a nucleic acid or
portions thereof to a promoter, and incorporating the con-
struct 1nto an expression vector. The vector 1s one generally
capable of replication 1n a mammalian cell, and/or also
capable of integration into the cellular genome of the
mammal. Typical vectors contain transcription and transla-
tion terminators, 1nitiation sequences, and promoters useful
for regulation of the expression of the desired nucleic acid
sequence.

[0198] The nucleic acid can be cloned 1into any number of
different types of vectors. For example, the nucleic acid can
be cloned into a vector including, but not limited to a
plasmid, a phagemid, a phage derivative, an animal virus,
and a cosmid. Vectors of particular interest include expres-
sion vectors, replication vectors, probe generation vectors,
and sequencing vectors.

[0199] The expression vector may be provided to a cell 1n
the form of a viral vector. Viral vector technology 1s well
known 1n the art and 1s described, for example, in Sambrook
et al., 2012, MOLECULAR CLONING: A LABORATORY
MANUAL, volumes 1 -4, Cold Spring Harbor Press, NY),
and 1 other virology and molecular biology manuals.
Viruses, which are useful as vectors include, but are not
limited to, retroviruses, adenoviruses, adeno- associated
viruses, herpes viruses, and lentiviruses. In general, a suit-
able vector contains an origin of replication functional 1n at
least one organism, a promoter sequence, convenient restric-
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tion endonuclease sites, and one or more selectable markers,
(e.g., WO 01/96384; WO 01/29058; and U.S. Pat. No.

6,326,193).

[0200] Additional promoter elements, e.g., enhancers,
regulate the frequency of transcriptional initiation. Typi-
cally, these are located 1n the region 30-110 bp upstream of
the start site, although a number of promoters have recently
been shown to contain functional elements downstream of
the start site as well. The spacing between promoter ele-
ments frequently 1s flexible, so that promoter function 1s
preserved when elements are inverted or moved relative to
one another. In the thymidine kinase (tk) promoter, the
spacing between promoter elements can be increased to bp
apart before activity begins to decline. Depending on the
promoter, 1t appears that individual elements can function
either cooperatively or independently to activate transcrip-
tion.

[0201] An example of a promoter 1s the immediate early
cytomegalovirus (CMV) promoter sequence. This promoter
sequence 1s a strong constitutive promoter sequence capable
of driving high levels of expression of any polynucleotide
sequence operatively linked thereto. However, other consti-
tutive promoter sequences may also be used, including, but
not limited to the simian virus 40 (SV40) early promoter,
mouse mammary tumor virus (MMTV), human immunode-
ficiency virus (HIV) long terminal repeat (L1R) promoter,
MoMuLV promoter, an avian leukemia virus promoter, an
Epstein-Barr virus immediate early promoter, a Rous sar-
coma virus promoter, the elongation factor-1o promoter, as
well as human gene promoters such as, but not limited to, the
actin promoter, the myosin promoter, the hemoglobin pro-
moter, and the creatine kinase promoter. Further, the inven-
tion should not be limited to the use of constitutive promot-
ers. Inducible promoters are also contemplated as part of the
invention. The use of an inducible promoter provides a
molecular switch capable of turning on expression of the
polynucleotide sequence which it 1s operatively linked when
such expression 1s desired, or turning off the expression
when expression 1s not desired. Examples of inducible
promoters include, but are not limited to a metallothionine
promoter, a glucocorticoid promoter, a progesterone pro-
moter, and a tetracycline promoter.

[0202] In order to assess expression of a polypeptide or
portions thereol, the expression vector to be mtroduced 1nto
a cell can also contain either a selectable marker gene or a
reporter gene or both to facilitate identification and selection
of expressing cells from the population of cells sought to be
transfected or infected through wviral vectors. In other
aspects, the selectable marker may be carried on a separate
piece of DNA and used 1n a co-transiection procedure. Both
selectable markers and reporter genes may be flanked with
appropriate regulatory sequences to enable expression in the
host cells. Useful selectable markers include, for example,
antibiotic-resistance genes, such as neo and the like.

[0203] Reporter genes are used for identifying potentially
transiected cells and for evaluating the functionality of
regulatory sequences. In general, a reporter gene 1s a gene
that 1s not present 1n or expressed by the recipient organism
or tissue and that encodes a polypeptide whose expression 1s
manifested by some easily detectable property, e.g., enzy-
matic activity. Expression of the reporter gene 1s assessed at
a suitable time after the DNA has been introduced 1nto the
recipient cells. Suitable reporter genes may include genes
encoding luciferase, beta-galactosidase, chloramphenicol
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acetyl transferase, secreted alkaline phosphatase, or the
green fluorescent protein gene (e.g., Ui-Ter et al., 2000
FEBS Letters 479: 79-82). Suitable expression systems are
well known and may be prepared using known techniques or
obtained commercially. In general, the construct with the
mimmal 5' flanking region showing the highest level of
expression of reporter gene 1s 1dentified as the promoter.
Such promoter regions may be linked to a reporter gene and
used to evaluate agents for the ability to modulate promoter-
driven transcription.

Introduction of Nucleic Acids

[0204] Methods of introducing and expressing genes, such
as the chimeric mtracellular signaling molecule or the CAR,
into a cell are known in the art. In the context of an
expression vector, the vector can be readily itroduced into
a host cell, e.g., mammalian, bacterial, yeast, or isect cell
by any method in the art. For example, the expression vector
can be transferred into a host cell by physical, chemical, or
biological means.

[0205] Physical methods for introducing a polynucleotide
into a host cell include calcium phosphate precipitation,
lipofection, particle bombardment, microinjection, elec-
troporation, and the like. Methods for producing cells com-
prising vectors and/or exogenous nucleic acids are well-
known 1n the art. See, for example, Sambrook et al., 2012,
MOLECULAR CLONING: A LABORATORY MANUAL,
volumes 1 -4, Cold Spring Harbor Press, NY). Nucleic acids
can be introduced into target cells using commercially
available methods which include electroporation (Amaxa
Nucleofector-1I (Amaxa Biosystems, Cologne, Germany)),
(ECM 830 (BTX) (Harvard Instruments, Boston, Mass.) or
the Gene Pulser 11 (BioRad, Denver, Colo.), Multiporator
(Eppendort, Hamburg Germany). Nucleic acids can also be
introduced into cells using cationic liposome mediated trans-
fection using lipofection, using polymer encapsulation,
using peptide mediated transfection, or using biolistic par-
ticle delivery systems such as “gene guns” (see, for example,
Nishikawa, et al. Hum Gene Ther., 12(8):861-70 (2001).
[0206] Biological methods for introducing a polynucle-
otide of interest into a host cell include the use of DNA and
RNA vectors. RNA vectors include vectors having a RNA
promoter and/other relevant domains for production of a
RINA transcript. Viral vectors, and especially retroviral vec-
tors, have become the most widely used method for inserting
genes into mammalian, e.g., human cells. Other viral vectors
may be derived from lentivirus, poxviruses, herpes simplex
virus, adenoviruses and adeno-associated viruses, and the

like. See, for example, U.S. Pat. Nos. 5,350,674 and 5,385,
362.

[0207] Chemical means for itroducing a polynucleotide
into a host cell include colloidal dispersion systems, such as
macromolecule complexes, nanocapsules, microspheres,
beads, and lipid-based systems including oil-in-water emul-
sions, micelles, mixed micelles, and liposomes. An exem-
plary colloidal system for use as a delivery vehicle 1n vitro
and 1 vivo 1s a liposome (e.g. , an artificial membrane
vesicle).

[0208] In the case where a non-viral delivery system 1is
utilized, an exemplary delivery vehicle 1s a liposome. The
use of lipid formulations 1s contemplated for the introduc-
tion of the nucleic acids into a host cell (1n vitro, ex vivo or
in vivo). In another aspect, the nucleic acid may be associ-
ated with a lipid. The nucleic acid associated with a lipid
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may be encapsulated 1n the aqueous 1nterior of a liposome,
interspersed within the lipid bilayer of a liposome, attached
to a liposome via a linking molecule that 1s associated with
both the liposome and the oligonucleotide, entrapped 1n a
liposome, complexed with a liposome, dispersed 1n a solu-
tion containing a lipid, mixed with a lipid, combined with a
lipid, contained as a suspension in a lipid, contained or
complexed with a micelle, or otherwise associated with a
lipid. Lipid, lipid/DNA or lipid/expression vector associated
compositions are not limited to any particular structure 1n
solution. For example, they may be present in a bilayer
structure, as micelles, or with a “collapsed” structure. They
may also simply be interspersed i a solution, possibly
forming aggregates that are not umiform 1n size or shape.
Lipids are fatty substances which may be naturally occurring
or synthetic lipids. For example, lipids include the fatty
droplets that naturally occur 1n the cytoplasm as well as the
class of compounds which contain long-chain aliphatic
hydrocarbons and their derivatives, such as fatty acids,
alcohols, amines, amino alcohols, and aldehydes.

[0209] Lipids suitable for use can be obtained from com-
mercial sources. For example, dimyristyl phosphatidylcho-
line (“D1VIPC”) can be obtained from Sigma, St. Louis,
MO:; dicetyl phosphate (“DCP”) can be obtained from K &
K Laboratories (Plainview, NY); cholesterol (*“Cho1”) can be
obtained from Calbiochem-Behring; dimyristyl phosphati-
dylglycerol (“DMPG™) and other lipids may be obtained
from Avanti1 Polar Lipids, Inc. (Birmingham, AL.). Stock
solutions of lipids 1n chloroform or chloroform/methanol
can be stored at about -20° C. Chloroform 1s used as the
only solvent since 1t 1s more readily evaporated than metha-
nol. “Liposome” 1s a generic term encompassing a variety of
single and multilamellar lipid vehicles formed by the gen-
eration of enclosed lipid bilayers or aggregates. Liposomes
can be characterized as having vesicular structures with a
phospholipid bilayer membrane and an 1nner aqueous
medium. Multilamellar liposomes have multiple lipid layers
separated by aqueous medium. They form spontaneously
when phospholipids are suspended 1n an excess of aqueous
solution. The lipid components undergo self-rearrangement
before the formation of closed structures and entrap water
and dissolved solutes between the lipid bilayers (Ghosh et
al., 1991 Glycobiology 5: 503-10). However, compositions
that have diflerent structures in solution than the normal
vesicular structure are also encompassed. For example, the
lipids may assume a micellar structure or merely exist as
nonuniform aggregates of lipid molecules. Also contem-
plated are lipofectamine-nucleic acid complexes.

[0210] Regardless of the method used to introduce exog-
enous nucleic acids mnto a host cell or otherwise expose a cell
to the molecules described herein, 1n order to confirm the
presence ol the nucleic acids 1n the host cell, a variety of
assays may be performed. Such assays include, for example,
“molecular biological” assays well known to those of skill in
the art, such as Southern and Northern blotting, RT-PCR and
PCR; “biochemical” assays, such as detecting the presence
or absence of a particular peptide, e.g., by immunological
means (ELISAs and Western blots) or by assays described
herein to identily agents falling within the scope of the
ivention.

[0211] In one embodiment, one or more of the nucleic acid
sequences described elsewhere herein are introduced by a
method selected from the group consisting of transducing
the population of cells, transfecting the population of cells,
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and electroporating the population of cells. In one embodi-
ment, a population of cells comprises one or more of the
nucleic acid sequences described herein.

[0212] In one embodiment, the nucleic acids introduced
into the cell are RNA. In another embodiment, the RNA 1s
mRNA that comprises 1n vitro transcribed RNA or synthetic
RNA. The RNA 1s produced by 1n vitro transcription using
a polymerase chain reaction (PCR)-generated template.
DNA of interest from any source can be directly converted
by PCR 1nto a template for in vitro mRNA synthesis using
appropriate primers and RNA polymerase. The source of the
DNA can be, for example, genomic DNA, plasmid DNA,
phage DNA, cDNA, synthetic DNA sequence or any other
appropriate source of DNA. The desired template for 1n vitro
transcription 1s a chimeric intracellular signaling molecule
and/or a bispecific antibody.

[0213] PCR can be used to generate a template for 1n vitro
transcription of mRNA which 1s then introduced 1nto cells.
Methods for performing PCR are well known in the art.
Primers for use in PCR are designed to have regions that are
substantially complementary to regions of the DNA to be
used as a template for the PCR. “Substantially complemen-
tary”’, as used herein, refers to sequences ol nucleotides
where a majority or all of the bases 1n the primer sequence
are complementary, or one or more bases are non-comple-
mentary, or mismatched. Substantially complementary
sequences are able to anneal or hybridize with the intended
DNA target under annealing conditions used for PCR. The
primers can be designed to be substantially complementary
to any portion of the DNA template. For example, the
primers can be designed to amplily the portion of a gene that
1s normally transcribed in cells (the open reading frame),
including 5" and 3' UTRs. The primers can also be designed
to amplify a portion of a gene that encodes a particular
domain of iterest. In one embodiment, the primers are
designed to amplily the coding region of a human cDNA,
including all or portions of the 5' and 3' UTRs. Primers
uselul for PCR are generated by synthetic methods that are
well known 1n the art. “Forward primers” are primers that
contain a region of nucleotides that are substantially comple-
mentary to nucleotides on the DNA template that are
upstream ol the DNA sequence that 1s to be amplified.
“Upstream™ 1s used herein to refer to a location 5, to the
DNA sequence to be amplified relative to the coding strand.
“Reverse primers” are primers that contain a region of
nucleotides that are substantially complementary to a
double-stranded DNA template that are downstream of the
DNA sequence that 1s to be amplified. “Downstream” 1s used
herein to refer to a location 3' to the DNA sequence to be
amplified relative to the coding strand.

[0214] Chemical structures that have the ability to pro-
mote stability and/or translation efliciency of the RNA may
also be used. The RNA preferably has 5' and 3' UTRs. In one
embodiment, the 5' UTR 1s between zero and 3000 nucleo-
tides 1n length. The length of 5' and 3' UTR sequences to be
added to the coding region can be altered by different
methods, including, but not limited to, designing primers for
PCR that anneal to different regions of the UTRs. Using this
approach, one of ordinary skill 1n the art can modify the 5'
and 3' UTR lengths required to achieve optimal translation
elliciency following transfection of the transcribed RNA.

[0215] The 5" and 3' UTRs can be the naturally occurring,
endogenous 5' and 3' UTRs for the gene of interest. Alter-
natively, UTR sequences that are not endogenous to the gene
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of interest can be added by incorporating the UTR sequences
into the forward and reverse primers or by any other
modifications of the template. The use of UTR sequences
that are not endogenous to the gene of interest can be usetul
for moditying the stability and/or translation efliciency of
the RNA. For example, it 1s known that AU-rich elements in
3" UTR sequences can decrease the stability of mRINA.
Theretfore, 3' UTRs can be selected or designed to increase
the stability of the transcribed RNA based on properties of
UTRs that are well known 1n the art.

[0216] In one embodiment, the 5' UTR can contain the
Kozak sequence of the endogenous gene. Alternatively,
when a 3' UTR that 1s not endogenous to the gene of interest
1s being added by PCR as described above, a consensus
Kozak sequence can be redesigned by adding the 5' UTR
sequence. Kozak sequences can increase the efliciency of
translation of some RNA transcripts, but does not appear to
be required for all RNAs to enable eflicient translation. The
requirement for Kozak sequences for many mRNAs 1s
known 1n the art. In other embodiments the 5' UTR can be
derived from an RNA virus whose RNA genome 1s stable 1n
cells. In other embodiments various nucleotide analogues
can be used in the 3' or 3' UTR to impede exonuclease

degradation of the mRNA.

[0217] To enable synthesis of RNA from a DNA template
without the need for gene cloning, a promoter of transcrip-
tion should be attached to the DNA template upstream of the
sequence to be transcribed. When a sequence that functions
as a promoter for an RNA polymerase 1s added to the 5' end
of the forward primer, the RNA polymerase promoter
becomes incorporated into the PCR product upstream of the
open reading frame that 1s to be transcribed. In one embodi-
ment, the promoter 1s a T7 polymerase promoter, as
described elsewhere herein. Other usetul promoters include,
but are not limited to, T3 and SP6 RNA polymerase pro-
moters. Consensus nucleotide sequences for 17, T3 and SP6
promoters are known 1n the art.

[0218] In one embodiment, the mRNA has both a cap on
the 5' end and a 3' poly(A) tail which determine ribosome
binding, 1initiation of translation and stability mRNA 1n the
cell. On a circular DNA template, for instance, plasmid
DNA, RNA polymerase produces a long concatameric prod-
uct which 1s not suitable for expression 1n eukaryotic cells.
The transcription of plasmid DNA linearized at the end of
the 3' UTR results 1n normal sized mRNA which 1s not
cellective 1n eukaryotic transfection even if 1t 1s polyade-
nylated after transcription.

[0219] On a linear DNA template, phage T7 RNA poly-

merase can extend the 3' end of the transcript beyond the last
base of the template (Schenborn and Mierendort, Nuc Acids

Res., 13:6223-36 (1985); Nacheva and Berzal-Herranz, Eur.
J. Biochem., 270:1485-65 (2003).

[0220] The conventional method of integration of poly A/T
stretches 1mnto a DNA template 1s molecular cloning. How-
ever polyA/T sequence integrated into plasmid DNA can
cause plasmid instability, which 1s why plasmid DNA tem-
plates obtained from bactenial cells are often highly con-
taminated with deletions and other aberrations. This makes
cloning procedures not only laborious and time consuming
but often not reliable. That 1s why a method which allows
construction of DNA templates with polyA/T 3' stretch
without cloning highly desirable.

[0221] The polyA/T segment of the transcriptional DNA
template can be produced during PCR by using a reverse
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primer containing a polyT tail, such as 1007 tail (size can be
50-5000 T), or after PCR by any other method, including,
but not limited to, DNA ligation or in vitro recombination.
Poly(A) tails also provide stability to RN As and reduce their
degradation. Generally, the length of a poly(A) tail posi-
tively correlates with the stability of the transcribed RNA. In
one embodiment, the poly(A) tail 1s between 100 and 5000
adenosines.

[0222] Poly(A) tails of RNAs can be further extended
following 1n vitro transcription with the use of a poly(A)
polymerase, such as £. coli polyA polymerase (E-PAP). In
one embodiment, increasing the length of a poly(A) tail from
100 nucleotides to between 300 and 400 nucleotides results
in about a two-fold increase in the translation efliciency of
the RNA. Additionally, the attachment of different chemical
groups to the 3' end can increase mRINA stability. Such
attachment can contain modified/artificial nucleotides,
aptamers and other compounds. For example, ATP analogs
can be incorporated into the poly(A) tail using poly(A)

polymerase. ATP analogs can further increase the stability of
the RNA.

[0223] 35'caps also provide stability to RNA molecules. In
a preferred embodiment, RNAs produced by the methods
disclosed herein include a 5' cap. The 5' cap 1s provided

using techniques known in the art and described herein
(Cougot, et al., Trends 1n Biochem. Sci., 29:436-444 (2001);

Stepinski, et al., RNA, 7:1468-95 (2001); Elango, et al.,
Biochim. Biophys. Res. Commun., 330:958-966 (20053)).

[0224] The RNAs produced by the methods disclosed
herein can also contain an internal ribosome entry site
(IRES) sequence. The IRES sequence may be any viral,
chromosomal or artificially designed sequence which 1niti-
ates cap-independent ribosome binding to mRNA and facili-
tates the initiation of translation. Any solutes suitable for cell
clectroporation, which can contain factors facilitating cel-
lular permeability and wviability such as sugars, peptides,
lipids, proteins, antioxidants, and surfactants can be
included.

[0225] Some in vitro-transcribed RNA (IVI-RNA) vec-
tors are known in the literature which are utilized 1n a
standardized manner as template for in vitro transcription
and which have been genetically modified in such a way that
stabilized RN A transcripts are produced. Currently protocols
used in the art are based on a plasmid vector with the
tollowing structure: a 5' RNA polymerase promoter enabling
RNA transcription, followed by a gene of interest which 1s
flanked either 3' and/or 5' by untranslated regions (UTR),
and a 3' polyadenyl cassette containing A nucleotides. Prior
to 1n vitro transcription, the circular plasmid 1s linearized
downstream of the polyadenyl cassette by type II restriction
enzymes (recognition sequence corresponds to cleavage
site). The polyadenyl cassette thus corresponds to the later
poly(A) sequence in the transcript. As a result of this
procedure, some nucleotides remain as part of the enzyme
cleavage site after linearization and extend or mask the
poly(A) sequence at the 3' end. It 1s not clear, whether this
nonphysiological overhang aflects the amount of protein
produced intracellularly from such a construct.

[0226] In one aspect, the RNA construct 1s delivered into
the cells by electroporation. See, e.g., the formulations and
methodology of electroporation of nucleic acid constructs
into mammalian cells as taught in US 2004/0014645, US
2005/0052630A1, US 2005/0070841A1, US 2004/
0059285A1, US 2004/0092907A1. The various parameters
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including electric field strength required for electroporation
of any known cell type are generally known in the relevant
research literature as well as numerous patents and applica-
tions 1n the field. See e.g., U.S. Pat. Nos. 6,678,556, 7,171,
264, and 7,173,116. Apparatus for therapeutic application of
clectroporation are available commercially, e.g., the
MedPulserTM DNA Electroporation Therapy System (In-
ovio/Genetronics, San Diego, Calif.), and are described 1n
patents such as U.S. Pat. Nos. 6,567,694; 6,516,223, 5,993,
434, 6,181,964, 6,241,701, and 6,233,482; electroporation
may also be used for transfection of cells 1n vitro as
described e.g. in US20070128708A1. Electroporation may
also be utilized to deliver nucleic acids into cells 1n vitro.
Accordingly, electroporation-mediated administration into
cells of nucleic acids including expression constructs utiliz-
ing any of the many available devices and electroporation
systems known to those of skill in the art presents an
exciting new means for delivering an RNA of interest to a
target cell.

Generating Metabolically Enhanced T Cells

[0227] In one aspect, the invention includes a method for
generating a metabolically enhanced T cell. The method
comprises introducing a nucleic acid sequence encoding a
chimeric intracellular signaling molecule mto a T cell,
wherein the nucleic acid sequence comprises a nucleic acid
sequence of an intracellular domain of a co-stimulatory
molecule and substantially lacks an extracellular ligand-
binding domain. At least one co-stimulatory molecule on the
T cell 1s stimulated, which activates the chimeric intracel-
lular signaling molecule, thereby metabolically enhancing
the T cell.

[0228] In one embodiment, the nucleic acid sequence is
selected from the group consisting of a DNA and an mRNA.
In another embodiment, the nucleic acid sequence 1s elec-
troporated into the T cell. The nucleic acid sequence can be
a vector. Examples of vectors include but are not limited to
plasmid vectors, viral vectors, retrotransposons, site directed
isertion vectors, and a suicide expression vectors.

[0229] In certain embodiments, the method for generating
a metabolically enhanced T cell further comprises arming
the T cell with a bispecific antibody, wherein the the
bispecific antibody 1s displayed on the T cell surface. In one
embodiment, arming the T cell comprises contacting the T
cell with the bispecific antibody. In another embodiment, the
bispecific antibody specifically binds the T cell. In yet
another embodiment, the T cell 1s armed with two or more
bispecific antibodies, and the T cell displays the two or more
bispecific antibodies. In still another embodiment, the two or
more bispecific antibodies specifically bind the T cell. The
bispecific antibodies can comprise a combination of anti-
bodies selected from the group consisting of anti-CD3,
anti-IgD Fc, and anti-IgA Fc. In certain embodiments, the
bispecific antibody 1s chemically heterconjugated to a poly-
clonal antibody specific for a tumor-associated antigen
(TAA), and the T cell specifically binds the TAA polyclonal
antibody.

[0230] In certain embodiments, arming the cell comprises
clectroporating a nucleic acid sequence encoding a bispe-
cific antibody. The bispecific antibody comprises a {irst
antigen binding domain that binds to a first antigen and a
second antigen binding domain that binds to a second
antigen. In one embodiment, the bispecific antibody com-
prises a first antigen binding domain that binds to a target
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cell and a second antigen binding domain that binds to an
activated T cell. In another embodiment, the bispecific
antibody comprises an antigen binding domain comprising a
first and a second single chain variable fragment (scFv)
molecule. In yet another embodiment, the bispecific anti-
body comprises an antigen binding domain comprising a
first whole immunoglobulin molecule and a second whole
IgG immunoglobulin molecule. At least one of the first or
second whole immunoglobulin molecules can be IgG, IgA,
or IgD.

[0231] Alternatively, in another aspect, the invention
includes a method for generating a modified T cell compris-
ing electroporating a population of T cells with a nucleic
acid sequence encoding a chimeric intracellular signaling
molecule, wherein the nucleic acid sequence comprises a
nucleic acid sequence of an intracellular domain of a co-
stimulatory molecule and substantially lacks an extracellular
ligand-binding domain. In one embodiment, the nucleic acid
sequence encoding a chimeric intracellular signaling mol-
ecule 1s electroporated 1nto a cell. In another embodiment, a
nucleic acid sequence encoding a bispecific antibody 1s
turther electroporated 1nto the cell. In yet another embodi-
ment, a nucleic acid sequence encoding a CAR 1s further
clectroporated 1nto the cell.

[0232] Alternatively, the mvention includes a method of
metabolically enhancing a tumor specific T cell, comprising,
introducing a CAR 1into a T cell, wherein the CAR comprises
an antigen binding domain, a transmembrane domain and an
intracellular domain of a co-stimulatory molecule, arming
the CAR T cell with a bispecific antibody, wherein the
bispecific antibody binds to a target on a tumor cell and the
CAR T cell, and stimulating at least one co-stimulatory
molecule on the armed CAR T cell, wherein the stimulation
activates the intracellular domain of the co-stimulatory
molecule thereby metabolically enhancing the armed T cell.
In one embodiment, introducing the CAR 1nto the T cell
comprises mntroducing a nucleic acid sequence encoding the
CAR, such as by electroporating a mRNA encoding the
CAR. In another embodiment, arming the CAR T cell
comprises contacting the CAR T cell with the bispecific
antibody. In yet another embodiment, arming the CAR T cell
comprises mtroducing a nucleic acid sequence encoding the
bispecific antibody, such as by electroporating a mRNA
encoding the bispecific antibody. In still another embodi-
ment, stimulating the armed CAR T cell improves cytotox-
icity and resistance to immunosuppression of the armed
CAR T cell when 1n a tumor microenvironment. In yet
another embodiment, the method further comprises irradi-
ating the CAR T cell with up to 2500 rad to inhibat
proliferation of the CAR T cell without inhibiting cytokine
secretion or inducing cytotoxicity.

Sources of T Cells

[0233] The metabolically enhanced T cells may be gen-
erated from any source of T cells. In one embodiment, a
source of T cells 1s obtained from a subject. Non-limiting
examples of subjects include humans, dogs, cats, mice, rats,
and transgenic species thereol. Preferably, the subject 1s a
human. T cells can be obtained from a number of sources,
including peripheral blood mononuclear cells, bone marrow,
lymph node tissue, spleen tissue, umbilical cord, and tumors.
In certain embodiments, any number o T cell lines available
in the art, may be used. In certain embodiments, T cells can
be obtained from a unit of blood collected from a subject

Jan. 25, 2024

using any number of techniques known to the skilled artisan,
such as Ficoll separation. In one embodiment, cells from the
circulating blood of an individual are obtained by apheresis
or leukapheresis. The apheresis product typically contains
lymphocytes, including T cells, monocytes, granulocytes, B
cells, other nucleated white blood cells, red blood cells, and
platelets. The cells collected by apheresis may be washed to
remove the plasma fraction and to place the cells 1n an
appropriate buifer or media, such as phosphate buillered
saline (PBS) or wash solution lacks calcium and may lack
magnesium or may lack many 11 not all divalent cations, for
subsequent processing steps. Alter washing, the cells may be
resuspended 1n a variety of biocompatible buflers, such as,
for example, Ca-free, Mg-iree PBS. Alternatively, the unde-
sirable components of the apheresis sample may be removed
and the cells directly resuspended 1n culture media.

[0234] In another embodiment, T cells are 1solated from
peripheral blood by lysing the red blood cells and depleting
the monocytes, for example, by centrifugation through a
PERCOLLTM gradient. Alternatively, T cells can be 1so-
lated from umbilical cord. In any event, a specific subpopu-
lation of T cells can be further 1solated by positive or
negative selection techniques.

[0235] The cord blood mononuclear cells so 1solated can
be depleted of cells expressing certain antigens, including,
but not limited to, CD34, CD8, CD14, CDI19 and CD356.
Depletion of these cells can be accomplished using an
1solated antibody, a biological sample comprising an anti-
body, such as ascites, an antibody bound to a physical
support, and a cell bound antibody.

[0236] FEnrichment of a T cell population by negative
selection can be accomplished using a combination of
antibodies directed to surface markers unique to the nega-
tively selected cells. A preferred method 1s cell sorting
and/or selection via negative magnetic immunoadherence or
flow cytometry that uses a cocktail of monoclonal antibodies
directed to cell surface markers present on the cells nega-
tively selected. For example, to enrich for CD4+ cells by

negative selection, a monoclonal antibody cocktail typically
includes antibodies to CD14, CD20, CD11b, CD16, HLA-

DR, and CDS.

[0237] For 1solation of a desired population of cells by
positive or negative selection, the concentration of cells and
surface (e.g., particles such as beads) can be varied. In
certain embodiments, 1t may be desirable to significantly
decrease the volume 1n which beads and cells are mixed
together (1.e., increase the concentration of cells), to ensure
maximum contact of cells and beads. For example, 1n one
embodiment, a concentration of 2 billion cells/ml 1s used. In
one embodiment, a concentration of 1 billion cells/ml 1s
used. In a further embodiment, greater than 100 million
cells/ml 1s used. In a further embodiment, a concentration of
cells of 10, 15, 20, 25, 35, 40, 45, or 50 million cells/ml 1s
used. In yet another embodiment, a concentration of cells
from 75, 80, 85, 90, 95, or 100 million cells/ml 1s used. In
further embodiments, concentrations of 125 or 150 million
cells/ml can be used. Using high concentrations can result in
increased cell yield, cell activation, and cell expansion.

[0238] T cells can also be frozen after the washing step,
which does not require the monocyte-removal step. While
not wishing to be bound by theory, the freeze and subsequent
thaw step provides a more uniform product by removing
granulocytes and to some extent monocytes in the cell
population. After the washing step that removes plasma and
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platelets, the cells may be suspended 1n a freezing solution.
While many freezing solutions and parameters are known 1n
the art and will be useful 1n this context, 1n a non-limiting,
example, one method 1nvolves using PBS containing 20%
DMSO and 8% human serum albumin, or other suitable cell
freezing media. The cells are then frozen to —80° C. at a rate
of 1° per minute and stored 1n the vapor phase of a liquid
nitrogen storage tank. Other methods of controlled freezing,
may be used as well as uncontrolled freezing immediately at
—-20° C. or 1n liguid nitrogen.

[0239] In one embodiment, a population of cells comprise
the T cells of the present invention. Examples of a popula-
tion of cells include, but are not limited to, peripheral blood
mononuclear cells, cord blood cells, a purified population of
T cells, and a T cell line. In another embodiment, peripheral
blood mononuclear cells comprise the population of T cells.
In yet another embodiment, purified T cells comprise the
population of T cells.

Expansion of T Cells

[0240] T cells generated by any method described herein
may be expanded ex vivo. In one embodiment, T cells or a
population of cells comprising T cells are cultured for
expansion. Generally, T cells are expanded by contact with
a surface having attached thereto an agent that stimulates a
CD3/TCR complex associated signal and a ligand that
stimulates a co-stimulatory molecule on the surface of the T
cells with or without IL-2.

[0241] Methods for expanding T cells are described
herein. For example, the T cells can be expanded by about
10 fold, 20 fold, 30 fold, 40 fold, 50 fold, 60 fold, 70 fold,
80 fold, 90 fold, 100 fold, 200 tfold, 300 fold, 400 fold, 500
told, 600 fold, 700 fold, 800 fold, 900 fold, 1000 fold, 2000
told, 3000 fold, 4000 fold, 5000 fold, 6000 fold, 7000 fold,
8000 fold, 9000 fold, 10,000 fold, 100,000 fold, 1,000,000
told, 10,000,000 fold, or greater, and any and all whole or
partial intergers therebetween. In one embodiment, the T
cells expand 1n the range of about 20 fold to about 50 fold.
[0242] The T cells can be incubated 1n cell medium 1n a
culture apparatus for a period of time or until the cells reach
confluency or high cell density for optimal passage before
passing the cells to another culture apparatus. The culturing,
apparatus can be of any culture apparatus commonly used
tor culturing cells in vitro. Preferably, the level of contluence
1s 70% or greater before passing the cells to another culture
apparatus. More preferably, the level of confluence 1s 90%
or greater. A period of time can be any time suitable for the
culture of cells 1n vitro. The T cell medium may be replaced
during the culture of the T cells at any time. Preferably, the
T cell medium 1s replaced about every 2 to 3 days. The T
cells are then harvested from the culture apparatus where-
upon the T cells can be used immediately or cryopreserved
to be stored for use at a later time. In one embodiment, the
invention includes cryopreserving the expanded T cells. The
cryopreserved T cells are thawed prior to introducing one or
more of the molecules described elsewhere herein 1into the T
cells.

[0243] The cultuning step as described herein (contact with
agents as described herein) can be very short, for example
less than 24 hours such as 1, 2, 3.4, 5,6,7,8,9,10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, or 23 hours. The
culturing step as described further herein (contact with
agents as described herein) can be longer, for example 1, 2,

3,4,5,6,7,8,9,10, 11, 12, 13, 14, or more days.
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[0244] In one embodiment, the T cells may be cultured for
several hours (about 3 hours) to about 14 days or any hourly
integer value 1n between. Conditions appropriate for T cell
culture 1include an appropriate media (e.g., Minimal Essen-
tial Media or RPMI Media 1640 or, X-vivo 135, (Lonza)) that
may contain factors necessary for proliferation and viability,
including serum (e.g., fetal bovine or human serum), inter-
leukin-2 (IL-2), insulin, IFN-gamma, 1L-4, IL-7, GM-CSF,
IL-10, IL-12, IL-15, TGF-beta, and TNF-a or any other
additives for the growth of cells known to the skilled artisan.
Other additives for the growth of cells include, but are not
limited to, surfactant, plasmanate, and reducing agents such
as N-acetyl-cysteine and 2-mercaptoethanol. Media can
include RPMI 1640, AIM-V, DMEM, MEM, a-MEM, F-12,
X-Vivo 15, and X-Vivo Optimizer, with added amino acids,
sodium pyruvate, and vitamins, either serum-iree or supple-
mented with an appropriate amount of serum (or plasma) or
a defined set of hormones, and/or an amount of cytokine(s)
suflicient for the growth and expansion of T cells. Antibi-
otics, e.g., penicillin and streptomycin, are included only 1n
experimental cultures, not 1n cultures of cells that are to be
infused into a subject. The target cells are maintained under
conditions necessary to support growth, for example, an
appropriate temperature (e.g., 37° C.) and atmosphere (e.g.,
air plus 5% CO,).

[0245] The T cell culturing medium may include an agent
that can co-stimulate the T cells. For example, an agent that
can stimulate CD3 1s an antibody to CD3, and an agent that
can stimulate CD28 1s an antibody to CID28. This 1s because,
as demonstrated by the data disclosed herein, a cell 1solated

by the methods disclosed herein can be expanded approxi-
mately 10 fold, 20 fold, 30 fold, 40 fold, 50 fold, 60 fold, 70

told, 80 fold, 90 fold, 100 told, 200 fold, 300 tfold, 400 fold,
500 fold, 600 fold, 700 fold, 800 fold, 900 fold, 1000 fold,
2000 tfold, 3000 fold, 4000 fold, 5000 fold, 6000 fold, 7000
fold, 8000 fold, 9000 fold, 10,000 fold, 100,000 fold,
1,000,000 fold, 10,000,000 fold, or greater. In one embodi-
ment, the T cells expand 1n the range of about 20 fold to
about 350 fold, or more by culturing the electroporated
population.

Therapy

[0246] The metabolically enhanced T cells described
herein are useful 1n a variety of treatment modalities for
treatment of a number of disease states whether the T cell 1s
metabolically enhanced by virture of expression of either a
chimeric intracellular signaling molecule or a CAR. Thus,
irrespective of whether the T cell expresses a chimeric
intracellular signaling molecule or a CAR, the T cell 1s
referred to herein as a metabolically enhanced T cell. A
composition comprising a metabolically enhanced T cell can
be generated according to the methods described elsewhere
herein. This metabolically enhanced T cell may be included
in a composition for therapy as now described.

[0247] In one aspect, the composition comprises the meta-
bolically enhanced T cell comprising the chimeric intracel-
lular signaling molecule described herein. In another aspect,
the the composition comprises the metabolically enhanced
cell turther comprising the bispecific antibody described
herein. The composition may include a pharmaceutical
composition and further include a pharmaceutically accept-
able carrier. A therapeutically eflective amount of the phar-
maceutical composition comprising the modified cells may
be administered.
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[0248] In one aspect, the mvention includes a method of
treating a disease or condition associated with enhanced
immunity 1 a subject comprising administering to the
subject a therapeutically effective amount of a pharmaceu-
tical composition comprising the metabolically enhanced T
cell described herein. In another aspect, the invention
includes a method of treating a condition 1n a subject,
comprising administering to the subject a therapeutically
ellective amount of a pharmaceutical composition compris-
ing the metabolically enhanced T cell described herein. In
another aspect, the mvention includes a method for stimu-
lating a T cell-mediated immune response to a target cell or
tissue 1n a subject comprising administering to a subject a
therapeutically eflective amount of a pharmaceutical com-
position comprising the metabolically enhanced T cell
described herein. In yet another aspect, the invention
includes use of the metabolically enhanced T cell described
herein 1n the manufacture of a medicament for the treatment
of an immune response 1n a subject 1n need thereof. In these
embodiments, the T cell comprises a chimeric intracellular
signaling molecule, wherein the chimeric mtracellular sig-
naling molecule comprises an intracellular domain of a
co-stimulatory molecule and substantially lacks an extracel-
lular ligand-binding domain. In another embodiment, the T
cell further comprises a bispecific antibody. In yet another
embodiment, the T cell further comprises a CAR.

[0249] In one aspect, the mvention includes a method of
treating a disease or condition associated with a tumor or
cancer 1n a subject comprising administering to the subject
a therapeutically eflective amount of a pharmaceutical com-
position comprising the metabolically enhanced T cell
described herein. In another aspect, the invention includes a
method of treating a solid tumor 1n a subject, comprising,
administering to the subject a therapeutically eflective
amount of a pharmaceutical composition comprising the
metabolically enhanced T cell described herein. In another
aspect, the mnvention includes a method for stimulating a T
cell-mediated immune response to a target tumor cell or
tumor tissue 1 a subject comprising administering to a
subject a therapeutically effective amount of a pharmaceu-
tical composition comprising the metabolically enhanced T
cell described herein. In yet another aspect, the mvention
includes use of the metabolically enhanced T cell described
herein 1n the manufacture of a medicament for the treatment
of a tumor or cancer in a subject 1n need thereof In these
embodiments, the T cell comprises a CAR and a bispeciiic
antibody, wherein the CAR comprises an antigen binding
domain, a transmembrane domain and an intracellular
domain of a co-stimulatory molecule, and the bispecific
antibody binds to a target on a tumor cell and the T cell.

[0250] The metabolically enhanced T cells as described
herein can be admimistered to an animal, preferably a
mammal, even more preferably a human, to suppress an
immune reaction, such as those common to autoimmune
diseases such as diabetes, psoriasis, rheumatoid arthritis,
multiple sclerosis, GVHD, enhancing allograit tolerance
induction, transplant rejection, and the like. In addition, the
metabolically enhanced T cells of the present invention can
be used for the treatment of any condition i which a
diminished or otherwise inhibited immune response, espe-
cially a cell-mediated immune response, 1s desirable to treat
or alleviate the disease. In one aspect, the invention includes
treating a condition, such as an autoimmune disease, 1n a
subject, comprising administering to the subject a therapeu-
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tically effective amount of a pharmaceutical composition
comprising a population of the cells described herein.

[0251] Examples of autoimmune disease include but are
not limited to, Acquired Immunodeficiency Syndrome
(AIDS, which 1s a viral disease with an autoimmune com-
ponent), alopecia areata, ankylosing spondylitis, antiphos-
pholipid syndrome, autoimmune Addison’s disease, autoim-
mune hemolytic anemia, autoimmune hepatitis, autoimmune
inner ear disease (AIED), autoimmune lymphoproliferative
syndrome (ALPS), autoommune thrombocytopenic purpura
(ATP), Behcet’s disease, cardiomyopathy, celiac sprue-der-
matitis hepetiformis; chronic fatigue immune dysfunction
syndrome (CFIDS), chronic immflammatory demyelinating
polyneuropathy (CIPD), cicatricial pemphigold, cold agglu-
tinin disease, crest syndrome, Crohn’s disease, Degos’ dis-
case, dermatomyositis juvenile, discoid lupus, essential
mixed  cryoglobulinemia, {fibromyalgia-fibromyositis,
Graves” disease, Guillain-Barre syndrome, Hashimoto’s
thyroiditis, 1diopathic pulmonary fibrosis, 1diopathic throm-
bocytopenia purpura (ITP), IgA nephropathy, insulin-depen-
dent diabetes mellitus, juvenile chronic arthritis (Still’s
disease), juvenile rheumatoid arthritis, Meniere’s disease,
mixed connective tissue disease, multiple sclerosis, myas-
thema gravis, pernacious anemia, polyarteritis nodosa, poly-
chondritis, polyglandular syndromes, polymyalgia rheu-
matica, polymyositis and dermatomyositis, primary
agammaglobulinemia, primary biliary cirrhosis, psoriasis,
psoriatic arthritis, Raynaud’s phenomena, Reiter’s syn-
drome, rheumatic fever, rheumatoid arthritis, sarcoidosis,
scleroderma (progressive systemic sclerosis (PSS), also
known as systemic sclerosis (55)), Sjogren’s syndrome,
still-man  syndrome, systemic lupus erythematosus,
Takayasu arteritis, temporal arteritis/giant cell arteritis,
ulcerative colitis, uveitis, vitiligo and Wegener’s granulo-
matosis.

[0252] The metabolically enhanced T cells described
herein may also be used to treat intlammatory disorders.
Examples of inflammatory disorders include but are not
limited to, chronic and acute intlammatory disorders.
Examples of inflammatory disorders include Alzheimer’s
disease, asthma, atopic allergy, allergy, atherosclerosis,
bronchial asthma, eczema, glomerulonephritis, grait vs. host
disease, hemolytic anemias, osteoarthritis, sepsis, stroke,
transplantation of tissue and organs, vasculitis, diabetic
retinopathy and ventilator induced lung injury.

[0253] The metabolically enhanced T cells of the present
invention can be used to treat cancers. Cancers include
tumors that are not vascularized, or not yet substantially
vascularized, as well as vascularized tumors. The cancers
may comprise non-solid tumors (such as hematological
tumors, for example, leukemias and lymphomas) or may
comprise solid tumors. Types of cancers to be treated with
the cells of the invention include, but are not limited to,
carcinoma, blastoma, and sarcoma, and certain leukemia or
lymphoid malignancies, benign and malignant tumors, and
malignancies €.g., sarcomas, carcinomas, and melanomas.
Adult tumors/cancers and pediatric tumors/cancers are also
included.

[0254] Hematologic cancers are cancers of the blood or
bone marrow. Examples of hematological (or hematog-
enous) cancers include leukemias, including acute leuke-
mias (such as acute lymphocytic leukemia, acute myelocytic
leukemia, acute myelogenous leukemia and myeloblastic,
promyelocytic, myelomonocytic, monocytic and erythro-

b
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leukemia), chronic leukemias (such as chronic myelocytic
(granulocytic) leukemia, chronic myelogenous leukemia,
and chronic lymphocytic leukemia), polycythemia vera,
lymphoma, Hodgkin’s disease, non-Hodgkin’s lymphoma
(indolent and high grade {forms), multiple myeloma,
Waldenstrom’s macroglobulinemia, heavy chain disease,
myelodysplastic syndrome, hairy cell leukemia and myelo-
dysplasia.

[0255] Solid tumors are abnormal masses of tissue that
usually do not contain cysts or liquid areas. Solid tumors can
be benign or malignant. Different types of solid tumors are
named for the type of cells that form them (such as sarco-
mas, carcinomas, and lymphomas). Examples of solid
tumors, such as sarcomas and carcinomas, 1include fibrosar-
coma, myxosarcoma, liposarcoma, chondrosarcoma, osteo-
sarcoma, and other sarcomas, synovioma, mesothelioma,
Ewing’s tumor, letomyosarcoma, rhabdomyosarcoma, colon
carcinoma, lymphoid malignancy, pancreatic cancer, breast
cancer, lung cancers, ovarian cancer, prostate cancer, hepa-
tocellular carcinoma, squamous cell carcinoma, basal cell
carcinoma, adenocarcinoma, sweat gland carcinoma, med-
ullary thyroid carcinoma, papillary thyroid carcinoma,
pheochromocytomas sebaceous gland carcinoma, papillary
carcinoma, papillary adenocarcinomas, medullary carci-
noma, bronchogenic carcinoma, renal cell carcinoma, hepa-
toma, bile duct carcinoma, choriocarcinoma, Wilms’ tumor,
cervical cancer, testicular tumor, seminoma, bladder carci-
noma, melanoma, and CNS tumors (such as a glioma (such
as brainstem glioma and mixed gliomas), glioblastoma (also
known as glioblastoma multiforme) astrocytoma, CNS lym-
phoma, germinoma, medulloblastoma, Schwannoma cran-
iopharyogioma, ependymoma, pinealoma, hemangioblas-
toma, acoustic neuroma, oligodendroglioma, menangioma,
neuroblastoma, retinoblastoma and brain metastases).
[0256] The metabolically enhanced T cells of the inven-
tion can be administered in dosages and routes and at times
to be determined in appropriate pre-clinical and clinical
experimentation and trials. Cell compositions may be
administered multiple times at dosages within these ranges.
Admuinistration of the metabolically enhanced T cells of the
invention may be combined with other methods usetul to
treat the desired disease or condition as determined by those
of skill in the art.

[0257] The metabolically enhanced Tcells of the invention
may be autologous, allogeneic or xenogeneic with respect to
the subject administered therein that 1s undergoing therapy.
[0258] The administration of the metabolically enhanced
T cells of the invention may be carried out 1n any convenient
manner known to those of skill 1in the art. The metabolically
enhanced T cells of the present invention may be adminis-
tered to a subject by aerosol 1inhalation, 1njection, ingestion,
transiusion, implantation or transplantation. The composi-
tions described herein may be administered to a patient
transarterially, subcutaneously, intradermally, intratumor-
ally, intranodally, mntramedullary, intramuscularly, by intra-
venous (1.v.) 1mjection, or intraperitoneally.

[0259] In other instances, the metabolically enhanced T
cells of the mvention are injected directly into a site of
inflammation 1n the subject, a local disease site in the
subject, alymph node, an organ, a tumor, and the like.

Pharmaceutical Compositions

[0260] Pharmaceutical compositions of the present inven-
tion may comprise the metabolically enhanced T cells as
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described herein, in combination with one or more pharma-
ceutically or physiologically acceptable carriers, diluents or
excipients. Such compositions may comprise builers such as
neutral buflered saline, phosphate buflered saline and the
like; carbohydrates such as glucose, mannose, sucrose or
dextrans, mannitol; proteins; polypeptides or amino acids
such as glycine; antioxidants; chelating agents such as
EDTA or glutathione; adjuvants (e.g., aluminum hydroxide);
and preservatives. Compositions of the present invention are
preferably formulated for intravenous administration.

[0261] Pharmaceutical compositions of the present inven-
tion may be admimistered 1n a manner appropriate to the
disease to be ftreated (or prevented). The quantity and
frequency of administration will be determined by such
factors as the condition of the patient, and the type and
severity ol the patient’s disease, although appropriate dos-
ages may be determined by clinical trials.

[0262] When “an immunologically effective amount”, “an
anti-immune response eflective amount”, “an 1mmune
response-inhibiting eflective amount”, or “therapeutic
amount” 1s indicated, the precise amount of the composi-
tions of the present mvention to be administered can be
determined by a physician with consideration of individual
differences 1n age, weight, immune response, and condition
of the patient (subject). It can generally be stated that a
pharmaceutical composition comprising the T cells
described herein may be administered at a dosage of 10* to
10” cells/kg body weight, preferably 10° to 10° cells/kg body
weight, including all integer values within those ranges. T
cell compositions may also be administered multiple times
at these dosages. The cells can be administered by using
infusion techniques that are commonly known in 1mmuno-
therapy (see, e.g., Rosenberg et al.,, New Eng. J. of Med.
319:1676, 1988). The optimal dosage and treatment regime
for a particular patient can readily be determined by one
skilled 1n the art of medicine by monitoring the patient for
signs of disease and adjusting the treatment accordingly.

[0263] In certain embodiments, 1t may be desired to
administer the metabolically enhanced T cells to a subject
and then subsequently redraw blood (or have an apheresis
performed), metabolically enhance T cells therefrom
according to the present imnvention, and reinfuse the patient
with these metabolically enhanced T cells. This process can
be carried out multiple times every few weeks. In certain
embodiments, metabolically enhanced T cells can be
obtained from blood draws from about 10 ml to about 400
ml. In certain embodiments, metabolically enhanced T cells
are obtained from blood draws of about 20 ml, 30 ml, 40 ml,
50 ml, 60 ml, 70 ml, 80 ml, ml, or 100 ml. Not to be bound
by theory, using this multiple blood draw/multiple reinfu-
s1on protocol, may select out certain populations of T cells.

[0264] In certain embodiments of the present invention, T
cells are metabolically enhanced using the methods
described herein, and stimulated, activated or expanded
using the methods described herein or other methods known
in the art where T cells are expanded to therapeutic levels,
are administered to a patient in conjunction with (e.g.,
betore, simultaneously or following) any number of relevant
treatment modalities, including but not limited to treatment
with agents such as antiviral therapy, cidofovir and inter-
leukin-2, Cytarabine (also known as AR A-C) or natalizumab
treatment for MS patients or treatments for PML patients. In
turther embodiments, the metabolically enhanced T cells of
the mvention may be used in combination with chemo-
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therapy, radiation, immunosuppressive agents, such as
cyclosporin, azathioprine, methotrexate, mycophenolate,
and FK506, antibodies, or other immunoablative agents such
as CAM PATH, anti-CD3 antibodies or other antibody
therapies, cytoxin, fludaribine, cyclosporin, FK306, rapamy-
cin, mycophenolic acid, steroids, FR901228, cytokines, and
irradiation. These drugs inhibit either the calcium dependent
phosphatase calcineurin (cyclosporine and FK506) or inhibit
the p70S6 kinase that 1s important for growth factor induced
signaling (rapamycin). (Liu et al., Cell 66:807-815, 1991;
Henderson et al., Immun. 73:316-321, 1991 Bierer et al.,
Curr. Opin. Immun. 5:763-773, 1993). In a further embodi-
ment, the metabolically enhanced T cell compositions of the
present mvention are administered to a patient 1 conjunc-
tion with (e.g., before, simultaneously or following) bone
marrow transplantation, T cell ablative therapy using either
chemotherapy agents such as, fludarabine, external-beam
radiation therapy (XRT), cyclophosphamide, or antibodies
such as OKT3 or CAMPATH. In another embodiment, the
cell compositions of the present invention are administered
tollowing B-cell ablative therapy such as agents that react
with CD20, e.g., Rituxan. For example, 1n one embodiment,
subjects may undergo standard treatment with high dose
chemotherapy followed by peripheral blood stem cell trans-
plantation. In certain embodiments, following the transplant,
subjects recerve an infusion of the expanded immune cells of
the present invention. In an additional embodiment,
expanded cells are administered before or following surgery.

[0265] The dosage of the above treatments to be admin-
istered to a patient will vary with the precise nature of the
condition being treated and the recipient of the treatment.
The scaling of dosages for human administration can be
performed according to art-accepted practices. The dose for
CAMPATH, for example, will generally be in the range 1 to
about 100 mg for an adult patient, usually administered daily
for a period between 1 and 30 days. The preferred daily dose
1s 1 to 10 mg per day although 1n some instances larger doses
of up to 40 mg per day may be used (described 1n U.S. Pat.
No. 6,120,766).

[0266] It should be understood that the method and com-
positions that would be usetul in the present invention are
not limited to the particular formulations set forth in the
examples. The following examples are put forth so as to
provide those of ordinary skill 1n the art with a complete
disclosure and description of how to make and use the cells,
expansion and culture methods, and therapeutic methods of
the invention, and are not intended to limait the scope of what
the inventors regard as their invention.

[0267] The practice of the present invention employs,
unless otherwise indicated, conventional techniques of
molecular biology (including recombinant techniques),
microbiology, cell biology, biochemistry and immunology,
which are well within the purview of the skilled artisan.
Such techniques are explained fully 1n the literature, such as,
“Molecular Cloning: A Laboratory Manual”, fourth edition
(Sambrook et al., (2012) Molecular Cloning, Cold Spring
Harbor Laboratory); “Oligonucleotide Synthesis” (Gait, M.
1. (1984). Oligonucleotide synthesis. IRL press); “Culture of
Animal Cells” (Freshney, R. (2010). Culture of amimal cells.
Cell Proliferation, 15(2.3), 1); “Methods 1n Enzymology”™
“Weir’s Handbook of Experimental Immunology™ (Wiley-
Blackwell; 5 edition (Jan. 15, 1996); “Gene Transier Vectors
for Mammalian Cells” (Miller and Carlos, (1987) Cold

Spring Harbor Laboratory, New York); “Short Protocols 1n
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Molecular Biology” (Ausubel, et al., Current Protocols; 5
edition, November 2002); “Polymerase Chain Reaction:
Principles, Applications and Troubleshooting”, (Babar, M.,
VDM Verlag Dr. Muller, Aug. 17, 2011); “Current Protocols
in Immunology™ (Coligan, John Wiley & Sons, Inc., Nov. 1,
2002). These techniques are applicable to the production of
the polynucleotides and polypeptides of the invention, and,
as such, may be considered in making and practicing the
invention. Particularly useful technmiques for particular
embodiments will be discussed 1n the sections that follow.

EXPERIMENTAL EXAMPLES

[0268] The invention 1s further described in detail by
reference to the following experimental examples. These
examples are provided for purposes of illustration only, and
are not intended to be limiting unless otherwise specified.
Thus, the invention should 1n no way be construed as being
limited to the following examples, but rather, should be
construed to encompass any and all variations which
become evident as a result of the teaching provided herein.
[0269] Without further description, 1t 1s believed that one
of ordinary skill 1n the art can, using the preceding descrip-
tion and the following illustrative examples, make and
utilize the compounds of the present invention and practice
the claimed methods. The following working examples
therefore, specifically point out the preferred embodiments
of the present invention, and are not to be construed as
limiting 1n any way the remainder of the disclosure.
[0270] The matenals and methods employed 1n these
experiments are now described.

[0271] Production of bispecific antibodies. Bispecific anti-
bodies (Bi1Abs) were produced by chemical heteroconjuga-
tion of OKT3 and Rituxan (a humanized anti-CD20 IgGl,
Genentech Inc., South San Francisco, CA), OKT3 and

Erbitux (a humanized anti-epidermal growth factor receptor
(EGFR) IgG1, ImClone LLC., Branchburg, NJ) or OK'T3

and Herceptin (a humanized anti-HER2 IgG1, Genentech
Inc., South San Francisco, CA) as described (Gall I M, et al.,
Experimental Hematology 2005, 33:452-459; Reusch U, et
al., Journal of Hematotherapy and Stem Cell Research 2001,
10:2477-260).

[0272] Arming of T cells. Activated T cells were armed
with ant1-OK'T3 x anti-CD20 Bi1Ab (CD20B1) or ant1-OK'T3
x anti-EGFR Bi1Ab (EGFRB1) using a previously optimized
concentration (50 ng/10° ATC) (Sen M, et al., Journal of
Hematotherapy and Stem Cell Research 2001, 10:247-260).
[0273] Cytotoxicity/>'Cr Release Assay. To target adher-
ent cells, cells were plated 1n 96-well tlat-bottom microtiter
plates at 4x10 4 cells/well and allowed to adhere overnight.
The cells were labeled with >* Cr at 20 uCi/mL in the labeling
media (50% FBS 1in complete RPMI-1640) for 5 hours at 37°
C., and washed with complete RPMI-1640 to remove unin-
corporated 1sotope. For non-adherent cell targeting, Daudi
cells were labeled with >'Cr at 100 nCi/10° cells ina 15 mL
conical tube for 2 hours at 37° C., washed with complete
RPMI-1640, and plated 1n 96-well round-bottom microtiter
plates at 1x10% cells/well. Effectors (unarmed CART19 or
ATC and armed CARTI19 or ATC) were then added to
achieve eflector:target (E:'T) ratios of 10:1. Co-cultures were
incubated for 4 hours (Daudi) or 18 hours (Adherent cell
lines) and the supernatant was collected for liquid scintilla-
tion counting to quantitate the amount of released >'Cr.
Percent cytotoxicity was calculated as follows: (experimen-
tal cpm—-spontaneous cpm)/(maximum cpm-spontaneous
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cpm) x100. Means and standard errors were calculated from
four to six replicates per sample.

[0274] The results of the experiments are now described.

[0275] T cells modified with CARs were Capable ol intra-
cellular signaling and surprising survival eflects when
exposed to hypoxic conditions. FIG. 1 1s a panel of graphs
showing survival of CART cells in hypoxic conditions.
Survival was differentially affected depending on the type of
CAR structure expressed in the T cells. The differentials 1n
survival depended on the co-stimulatory endodomain. The
ellect of different co-stimulatory endodomains on metabolic
activity 1n T cells expressing CARs was tested 1n a sea-horse
assay as shown in FIG. 2.

[0276] Metabolic activity of T cells expressing either a
CD28z or 4-1BBz co-stimulatory endodomain of a CAR 1s
shown 1n FIG. 3. 4-1BBz CART cells had ligand indepen-
dent signaling and were reprogrammed to T central memory
(Tcm) cells, while CD28z CAR T cells were reprogrammed
to eflector memory (Tem) cell. 4-1BBz CAR T cells had
lower levels of surface molecules, such as PD1, TIM3 and
LLAG3, which 1s usually associated with exhaustion. They
also had higher metabolic activity after surrogate antigen
activation and survived longer under conditions of stringent
hypoxia (FIG. 3).

[0277] Use of CARs was shown to metabolically enhance
and possibly decrease alloreactivity of modified T cells.
Such findings support the use of “umversal T cells” or even
3rd party T cells. CARs may be introduced into T cells via
multiple methods, such as with a lentiviral vector (FI1G. 4) or
mRNA electroporation (FIG. 5). Potential targets of the
CAR 1include any tumor associated antigen, such as EGFR,
HER2/NEU, PSMA, BCMA, GD2, mesothelin, etc. The
intracellular portion of the CAR used in the assays described
herein may include one or more signaling domains that are
chosen to enhance T cell metabolism for any given tumor
microenvironment, e.g. 4-1BB, CD27, 0Ox40, ICOS or
CD28. Displaying bispecific scFv or covalent coupling of
bispecific antibodies onto CART cells through exposure to
the antibodies or “arming” just prior to infusion into the

patient may also be usetul for enhancing cytolytic activity of
the T cells.

[0278] As an alternative to the use of a lentiviral vector,
short lived T cells may be metabolically enhanced by
introducing an mRNA encoding a CAR by electroporation
(FIG. 5). Briefly, T cells are cultured and costimulated with
anti-CD3 and anti-CD28 antibodies with or without IL-2.
The T cells are then electroporated with 1n vitro transcribed
mRNA to introduce the CAR. The CART cells are then
armed with bispecific antibodies. Alternatively, i vitro
transcribed mRINA encoding bispecific scFv or bispecific
antibodies may be electroporated 1nto the CART cells just
prior to infusion. The bispecific antibody armed CART cells
can then be injected intravenously or intratumorally 1nto the
patient.

[0279] Specific cytotoxicities of armed (with bispecific
antibodies) or unarmed (without bispecific antibodies)
CART cells and non-CART cells are shown i FIG. 6.
Effector cells included unarmed CART19 cells and CART19
cells armed with anti-HER2, anti-EGFR or anti-CID20 bis-
pecific antibodies (upper graphs) and unarmed non-CART
cells and non-CART cells armed with anti-HER2, anti-
EGFR or anti-CD20 bispecific antibodies (lower graphs).
Both CARTI9 cells and non-CART cells demonstrated

specific cytotoxicities against the target cells.
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[0280] Specific cytotoxicities (left graph of FIG. 7) of the
unarmed and armed CART19 cells measured over the course
of repeated exposures to SKBR3 at days 1, 4, 10, 18, and 25
demonstrated a high level of cytotoxicity toward target cells
even after multiple rounds in the killing assay (without
IL.-2). The right panel of FIG. 7 shows enhanced prolifera-
tion demonstrated by CARTI19 cells during a repeated
killing assay.

[0281] FIGS. 8A-8E show specific cytotoxicities of armed
or unarmed CART19 cells and non-CAR T cells agamst
various target cells expressing HER2 or EGFR. Effector
cells were armed with anti-HER2 or anti-EGFR bispecific
antibodies. CART19 cells armed with anti-HER?2 bispecific
antibodies were ellective at killing even low expressing
HER2 (MCF-7) or non-HER2 expressing breast cancer cell
lines (Triple negatwe |[HER2/ER/PR negative cell lines]
MB231 and BT-20), 1.e. —20-50%.

[0282] FIG. 9 shows armed (HER?2 bispecific antibodies)
CART19 cells increased expression of activating and 1nhibi-
tory co-receptors, e.g., 4-1BB, ICOS, OX40 and PDI1, on
CD4 and CD8 T cells.

[0283] Intracellular signaling domains 1from other
co-stimulatory molecules may also have a positive effect on
metabolic activity 1n T cells. The intracellular domain of the
chimeric intracellular signaling molecule (FI1G. 10) (SEQ ID
NO:1) may be chosen from a co-stimulatory molecule that
enhances T cell metabolism for any given tumor microen-

vironment, ¢.g. 4-1BB, CD27, Ox40, ICOS or CD28.

[0284] It 1s envisioned that the chimeric mtracellular sig-
naling molecule includes a detectable tag for surface detec-
tion (FIG. 10), otherwise i1t cannot be detected on the surface
of the T cells. Alternatively, a surrogate marker can be used
instead of the detectable tag, such as a flouresent protein or
cell surface molecule coexpressed by a T2A or IRES system
(FI1G. 11). A detectable tag may also be used with a surrogate

marker (FIG. 12)

[0285] The chimeric intracellular signaling molecule may
also be introduced by lentiviral vector (FIG. 13) or mRNA
clectroporation (FIG. 14) into T cells. Similar to CART cells,
chimeric intracellular signaling molecule modified T cells
may display bispecific scFv or be coupled with bispecific
antibodies through protein loading or arming just prior to
infusion into the patient.

[0286] The chimeric intracellular signaling molecule may
also be mtroduced into the T cells through mRNA electropo-
ration (FIG. 14). In vitro transcribed mRNA 1s electropo-
rated nto the T cells prior to infusion into the patient to arm
the T cells with bispecific scFv or bispecific antibodies.

[0287] T cells armed with bispecific antibodies (B1Ab) are
hypothesized to exhibit enhanced cytotoxicity against target
cells. FIG. 15 1illustrates the mechanism of arming T cells
with bispecific antibodies produced by chemical heterocon-
jugation of ant1-CD3 (muromonab-CD3, OK'T3) and speci-
ficity of the bispecific antibodies to any antigen (tumor,
viral, bacterial or parasitic) of choice. Arming the T cells
with bispecific antibodies should reactivate the armed T cells
to exhibit non-MHC restricted cytotoxicity against target
cells. The bispecific antibody armed T cells would then
produce cytokines and chemokines upon engagement with
the target cell.

[0288] Irradiation of bispecific antibody armed T cells
blocked allogeneic responses (left graph of FIG. 16) but did
not mhibit cytotoxicity (right graph of FIG. 16) of armed T
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cell when bound to tumor targets. “r” signifies responder
cells, “s” signifies stimulator cells and * signifies 1rradiated
cells.

[0289] Specific cytotoxicity of unarmed or anti-CD20
bispecific antibody (CD20B1), anti-EGFR bispecific anti-
body (EGFRB1), ant1-GD2 bispecific antibody (GD2B1) and
anti-HER2 bispecific antibody (HER2B1) armed metaboli-
cally enhanced T cells in a >'Cr release assay against HER2
and EGFR expressing breast cancer and pancreatic/colorec-
tal cancer cell lines are shown in FIG. 17. Assays were
performed in triplicate using armed or unarmed metaboli-
cally enhanced T cells at eflector/target ratio of 10:1 for 18
hours to measure cytotoxicity.

[0290] Unarmed or armed T cells or non-metabolically
enhanced ATC were incubated overmight without targets or
with target cells (SKBR3) at E:'T=10:1. The culture super-
natant was assayed by Bio-Plex assay for the presence of
cytokines (top graph of FIG. 18) and chemokines (bottom
graph of FIG. 18). The values were reported as pg/ml.
[0291] To determine 1f expression of chimeric intracellular
signaling molecules metabolically enhanced T cells, normal
donor ND317 T cells were transduced with 160 11.1 or
40011.1 virus to express tlag-tagged chimeric intracellular
signaling molecules 1ncluding a CD8 transmembrane
domain with 4-1BB and CD3zeta intracellular domains. The
result of this transduction was a slightly slower expansion
rate (slower decrease of cell size and doublings) (FIG. 19A).
The metabolically enhanced T cells expressing tlag-tagged

SEQUENCE LISTING

Sequence total quantity: 1

SEQ ID NO: 1 moltype = AA length = 248

FEATURE Location/Qualifiers
REGION 1..248

note = Artifically generated
source 1..248

mol type = proteiln

organism = synthetic construct

SEQUENCE: 1
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(FI1G. 21A). A slightly slower population doubling rate and
cell size decrease was seen in FLAG-BBz transduced cells.
The percentage of CD4 background expression was high for
this donor, as seen by untransduced at day 5. A slight % 1n
CD4 population was observed by Day 8 (FIG. 21B). How-

ever, this donor showed no loss 1 percentage of flag-tagged
T cells was observed from day 5 to day 8 (FIG. 21C).

Other Embodiments

[0295] The recitation of a listing of elements 1n any
definition of a variable herein includes definitions of that
variable as any single element or combination (or subcom-
bination) of listed elements. The recitation of an embodi-
ment herein includes that embodiment as any single embodi-
ment or in combination with any other embodiments or
portions thereol.

[0296] The disclosures of each and every patent, patent
application, and publication cited herein are hereby incor-
porated herein by reference in their entirety. While this
invention has been disclosed with reference to specific
embodiments, 1t 1s apparent that other embodiments and
variations of this invention may be devised by others skilled
in the art without departing from the true spirit and scope of
the invention. The appended claims are intended to be
construed to include all such embodiments and equivalent
variations.

MALPVTALLL PLALLLHAAR PGSTTTPAPR PPTPAPTIAS QPLSLRPEAC RPAAGGAVHT 60
RGLDFACDIY IWAPLAGTCG VLLLSLVITL YCSAKRGRKK LLYIFKQPFM RPVOTTQEED 120
GCSCREFPEEE EGGCELRVKE SRSADAPAYK QGONOQLYNEL NLGRREEYDYV LDKRRGRDPE 180
MGGKPRRKNP QEGLYNELQK DKMAEAYSEI GMKGERRRGK GHDGLYQGLS TATKDTYDAL 240

HMOQALPPR

chimeric intracellular signaling molecules were enriched for
CD4+ cells. (FIG. 19B). The T cells expressing the flag-
tagged chimeric intracellular signaling molecule diminished
in percentage of overall population from day 6 to 8 (FIG.
19C).

[0292] Expansion profiles of T cells expressing flag-
tagged chimeric intracellular signaling molecules, a CDS
transmembrane domain with 4-1BB and CD3zeta intracel-
lular domains or a membrane-anchored myristoylated
4-1BB and CD3zeta intracellular domains, are shown in

FIG. 19C.

[0293] Normal donor ND444 T cells transduced at high
(50%) and low (15%) viral amounts are shown 1n FIG. 20.
Detection of flag-tagged T cells was lost over time. How-
ever, metabolically enhanced T cells expressing (Flag+)
were enriched for CD4+ cells.

[0294] Expansion of normal donor ND422 T cells was
compared between cells transduced with a flag-tagged chi-
meric mtracellular signaling molecule (BBz) or CAR19BBz

248

1. A metabolically enhanced T cell comprising a chimeric
intracellular signaling molecule, wherein:
(a) the chimeric intracellular signaling molecule com-
prises:

(1) an tracellular domain of a co-stimulatory mol-
ecule, wherein the intracellular domain 1s selected
from the intracellular domain of a T cell receptor
(TCR), a CD3 zeta, a CD3 gamma, a CD3 delta, a
CD3 epsilon, a CD86, a common FcRgamma, FcR
beta, CD79a, CD79b, Fcgamma DAP10, DAP12,
CD27, CD28, 4-1BB, 0X40, CD30, CD40, ICOS,
lymphocyte function-associated antigen-1 (LFA-1),
CD2, CD7, LIGHT, NKG2C, NKG2D, B7-H3, a
ligand that specifically binds with CDS83, ICAM-1,
GITR, BAFFR, LIGHTR, SLAMF7, NKp80,
CD127, CD160, CD19, CD4, CD8alpha, CD8beta,
IL2R beta, IL2R gamma, IL7R alpha, ITGAA4,
VLAI1, CDA49a, ITGA4, IA4, CD49D, ITGA6, VLA-
6, CD491, ITGAD, CDl11a, CD11b, CD11c, CD11d,
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ITGAE, CD103, ITGAL, ITGAM, ITGAX, ITGBI,

CD29, ITGB2, CDI8, ITGB7, TNFR2, TRANCE/

RANKL, CD226, (D244, CD84, (D96,

CEACAMI1, CRTAM, CD229, CD160, PSGLI,

CD100, CD69, SLAMF6, SLAMEF1, CD150, IPO-3,

SLAMES, CD162, LTBR, LAT, GADS, SLP-76,

PAG/Cbp, NKp44, NKp30, or NKp46, and
(11) a myristoylation signal, or
(111) a hinge and a transmembrane domain, wherein the

hinge and/or the transmembrane domain 1s selected

from the hinge and/or transmembrane domain of an
alpha, beta or zeta chain of a T-cell receptor, CD28,

CD3 epsilon, CD45, CD4, CD3, CDS8, CD8-alpha,
CD9, CDle, CD22, CD33, CD37, CD64, CDRO0,
CDR86, CD134, CD154, KIR, OX40, CD2, CD27,
LFA.- 1 ICOS, 4-1BB, GITR, CD40, BAFFR
B VJM SLAMEF7, NKp80, CD160, CD19, IL2R
beta, IL2R gamma, 1L7Ra, ITGA1, VLA1, CD49a,
ITGA4, 1A4, CD49D, ITGAS®, V_JA 6, CD409t,
ITGAD, CDI1 Id, ITGAE, CD103, ITGAL, CD1 1 a,
ITGAM, CD1 Ib, ITGAX, CD1 1 c, ITGB1, CD29,
ITGB2, CDI18,ITGB7, TNFR2, DNAMI, SLA\/I 4,

CDg4, CD96, CEACAMI, CRTAM, Ly9 CD160
(BYS55), PSGL1, CD100, SLAMEF1, SLAMF6,
SLAMES, S. JLPLG LTBR, PAG, NKp44 NKp30,
NKp46, NKG2D, NKG2C, or any combination
thereof:;

(b) the chumeric intracellular signaling molecule substan-

tially lacks an extracellular ligand-binding domain; and

(c) the metabolically enhanced T cell expresses the chi-

meric intracellular signaling molecule.

2. The metabolically enhanced T cell of claim 1, wherein
expression of the chimeric intracellular signaling molecule
metabolically enhances the T cell.

3. The metabolically enhanced T cell of claim 1, wherein
expression of the chimeric intracellular signaling molecule
improves cytotoxicity and resistance to immunosuppression
when 1n a tumor microenvironment.

4. The metabolically enhanced T cell of claim 1 further
comprising a bispecific antibody.

5. The metabolically enhanced T cell of claim 4, wherein
the bispecific antibody comprises a first antigen binding
domain that binds to a first antigen and a second antigen
binding domain that binds to a second antigen.

6. The metabolically enhanced T cell of claim 5, wherein
the first antigen binding domain binds to a target cell and the
second antigen binding domain binds to an activated T cell.

7. The metabolically enhanced T cell of claim 5, wherein
the bispecific antibody comprises an antigen binding domain
comprising a first and a second single chain variable frag-
ment (scFv) molecule.

8. (canceled)

9. A pharmaceutical composition comprising the meta-
bolically enhanced T cell of claim 1 and a pharmaceutically
acceptable carrier.

10-30. (canceled)

31. A composition comprising the population ol meta-
bolically enhanced T cells of claim 32.

32. A population of metabolically enhanced T cells com-

prising a chimeric intracellular signaling molecule, wherein:

(a) the chimeric intracellular signaling molecule com-
prises:

(1) an ntracellular domain of a co-stimulatory mol-

ecule, wherein the intracellular domain 1s selected
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from the intracellular domain of a T cell receptor

(TCR), CD3 zeta, CD3 gamma, a CD3 delta, CD3
epsilon, CD86, FcRgamma, FcR beta, CID79a,
CD79b, Fcgamma RlIla, DAP10, DAP12, CD27,
CD28, 4-1BB, 0X40, CD30, CD40, ICOS, lympho-
cyte function-associated antigen-1 (LFA-1), CD2,
CD7, LIGHT, NKG2C, NKG2D, B7-H3, a ligand
that specifically binds with CD83, ICAM-1, GITR,
BAFFR, LIGHTR, SLAMEF7, NKp80, CDI127,
CD160, CD19, CD4, CD8alpha, CD8beta, IL2R
beta, IL2R gamma, IL7R alpha, ITGA4, VLAI,
CD49a, ITGA4, 1A4, CD49D, ITGA6, VLA-6,
CDA491, ITGAD, CD11a, CDI11b, CDI11 ¢, CDI11d,
ITGAE, CDI103, ITGAL, ITGAM, ITGAX, ITGBI,
CD29, ITGB2, CDI18, ITGB7, TNFR2, TRANCE/
RANKL, CD226, CD244, CDg4, (CD?96,
CEACAMI1, CRTAM, CD229, CD160, PSGLI1,
CD100, CD69, SLAMFE6, SLAMEF1, CD150, IPO-3,
SLAMEFS, CD162, LTBR, LAT, GADS, SLP-76,

PAG/Cbp, NKp44, NKp30, or NKp46, and
(11) a myristoylation signal, or

(111) a hinge and a transmembrane domain, wherein the
_nnge and/or the transmembrane domain 1s selected
from the hinge and/or transmembrane domain of an
alpha, beta or zeta chain of a T-cell receptor, CD28,
CD3 epsilon, CD45, CD4, CD3, CD8, CD8-alpha,
CD9, CDle, CD22, CD33, CD37, CD64, CDR8O,
CDB86, CD134, CD154, KIR, OX40, CD2, CD27, LFA-
1, ICOS, 4-1BB, GITR, CD40, BAFFR, HVEM,
SLAME7, NKp80, CD160, CD19, IL2R beta, IL2R
gamma, [[L7Ra, ITGA1, VLAI1, CD49%9a, ITGA4, 1A4,
CD49D, ITGA6, VLA-6, CD491, ITGAD, CDIl1d,
ITGAE, CD103, ITGAL, CD1 1 a, ITGAM, CD1 1 b,
ITGAX, CD1 1 ¢, ITGBI1, CD29, ITGB2, CDIS,
ITGB7, TNFR2, DNAMI, SLAM 4, CDg4, CD96,
CEACAMI CRTAM, Ly9 CD160 (BYSS) PSGIL1,
CD100, SLAM_TI SLAMF6, SLAMFS, SELPLG,
LTBR, PAG, NKp44, NKp30, NKpd6, NKG2D,
NKG2C, or any combination thereof; and

(b) the chimeric intracellular signaling molecule substan-
tially lacks an extracellular ligand-binding domain.

33. The population of cells of claim 32 further comprising
a bispecific antibody.

34. The metabolically enhanced T cell of claim 1, wherein
the chimeric intracellular signaling molecule further com-
prises a detectable tag.

35. The metabolically enhanced T cell of claim 1, wherein
the hinge and transmembrane domain are: (1) CDS8-alpha
hinge and CD8alpha transmembrane domain; or (2) a CDS-
alpha hinge and a CD28 transmembrane domain.

36. The metabolically enhanced T cell of claim 4, wherein
the bispecific antibody 1s chemically heteroconjugated to a

polyclonal antibody specific for a tumor-associated antigen
(TAA), and the metabolically enhanced T cell specifically

binds the TAA polyclonal antibody.

37. The metabolically enhanced T cell of claim 4, wherein
the bispecific antibody comprises an antigen binding domain
comprising a first whole immunoglobulin molecule and a
second whole I1gG immunoglobulin molecule.

38. The metabolically enhanced T cell of claim 37,
wherein at least one of the first or second whole 1mmuno-
globulin molecules comprises 1gG, IgA, or IgD.
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39. The metabolically enhanced T cell of claim 4, wherein
the metabolically enhanced T cell comprises two or more
bispecific antibodies and the T cell displays the two or more
bispecific antibodies.

40. The metabolically enhanced T cell of claiam 39,
wherein the two or more bispecific antibodies comprise a
combination of antibodies selected from the group consist-
ing of anti-CD3, anti-IgD Fc, and anti-IgA Fc.
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