a9y United States
12y Patent Application Publication o) Pub. No.: US 2023/0242612 Al

June et al.

US 20230242612A1

43) Pub. Date: Aug. 3, 2023

(54)

(71)

(72)

(21)

(22)

(62)

(60)

USE OF THE CD2 SIGNALING DOMAIN IN
SECOND-GENERATION CHIMERIC
ANTIGEN RECEPTORS

Applicant: The Trustees of the University of
Pennsylvania, Philadelphia, PA (US)

Inventors: Carl H. June, Merion Station, PA (US);
John Scholler, Narberth, PA (US);
Avery D. Posey, Jr., Philadelphia, PA
(US)

Appl. No.: 18/170,695

Filed: Feb. 17, 2023

Related U.S. Application Data

Division of application No. 16/460,221, filed on Jul.
2, 2019, now Pat. No. 11,597,754, which 1s a division
of application No. 15/669,562, filed on Aug. 4, 2017,
now Pat. No. 10,501,519, which 1s a division of
application No. 14/375,999, filed on Jul. 31, 2014,
now Pat. No. 9,783,591, filed as application No.
PCT/US2013/027361 on Feb. 22, 2013.

Provisional application No. 61/601,907, filed on Feb.
22, 2012.

Publication Classification

Int. CI.
CO7K 14/725
CO7K 16/28
CO7K 16/30
CO7K 14/705
CI2N 15/85

U.S. CL
CPC ...

(51)
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01

LS N e

(52)
CO7K 14/7051 (2013.01); CO7K 16/2803
(2013.01); CO7K 16/30 (2013.01); CO7K
14/705 (2013.01); CO7K 14/70507 (2013.01):
CI2N 15/85 (2013.01); CO7K 2319/02
(2013.01); CO7K 2319/00 (2013.01)

(57) ABSTRACT

The present invention provides compositions and methods
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incorporating CD2 imto the CAR to alter the cytokine
production of CAR-T cells 1n both negative and positive
directions.
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CD19: CD2zeta CAR

ATGGCCTTACCAGTGACCGCCTTGCTCCTGCCGCTGGCCTTGCTGCTCCACGCCGCCAGG
CCGGACATCCAGATGACACAGACTACATCCTCCCTGTCTGCCTCTCTGGGAGACAGAGTC
ACCATCAGTTGCAGGGCAAGTCAGGACATTAGTAAATATTITAAATTGGTATCAGCAGAA
ACCAGATGGAACTGTTAAACTCCTGATCTACCATACATCAAGATTACACTCAGGAGTCCC
ATCAAGGTTCAGTGGCAGTGGGTCTGGAACAGATTATICTCTCACCATTAGCAACCTGG
AGCAAGAAGATATTGCCACTTACTTTTGCCAACAGGGTAATACGCTTCCGTACACGTTCG
GAGGGGGGACCAAGCTGGAGATCACAGGTGGCGGTGGECTCGGGECGGTGEGETGGEGTCGEG
GTGGCGGCGGATCTGAGGTGAAACTGCAGGAGTCAGGACCTGGCLLTGGTGEGCGCCCTC
ACAGAGCCTGTCCGTCACATGCACTGTCTCAGGGGTCTCATTACCCGACTATGGTGTAAG
CTGGATTCGCCAGCCTCCACGAAAGGGTCTGGAGTGGCTGGGAGTAATATGGGGTAGT
GAAACCACATACTATAATTCAGCTCTCAAATCCAGACTGACCATCATCAAGGACAACTCC
AAGAGCCAAGTTTTCTTAAAAATGAACAGTCTGCAAACTGATGACACAGCCATTTACTAC
TGTGCCAAACATTATTACTACGGTGGTAGCTATGCTATGGACTACTGGGGCCAAGGAAC
CTCAGTCACCGTCTCCTCACCACGACGCCAGCGCCGCGACCACCAACALCCGGLGLCCACC
ATCGCGTCGCGGLCCCTGTCCCTGCGCCCAGAGGLCGTGLCGGLLCAGLGGLGGEGEGGELE
CAGTGCACACGAGGGGGCTGGACTTCGCCTGTGATATCTACATCTGGGCGCCCTTGGCC
GGGACTTGTGGGGTCCTITCICCTGTCACTGGTTATCACCCTTTACTGCACCAAAAGGAAA
AAACAGAGGAGTCGGAGAAATGATGAGGAGCTGGAGACAAGAGCCCACAGAGTAGCT
ACTGAAGAAAGGGGCCGGAAGCCCCACCAAATTCCAGCTTCAACCCCTCAGAATCCAGC
AACTTCCCAACATCCTCCTCCACCACCTGGTCATCGTTCCCAGGCACCTAGTCATCGTCCC
CCGCCTCCTGGACACCGTIGTTCAGCACCAGCCTCAGAAGAGGCCTCCTGLTCCGTCGGE
CACACAAGTTCACCAGCAGAAAGGCCCGCCCCTCCCCAGACCTCGAGTTCAGCCAAAAC
CTCCCCATGGGGCAGCAGAAAACTCATTGTCCCCTTCCTCTAATATCGATAGAGTGAAGT
TCAGCAGGAGCGCAGACGCCCCCGCGTACCAGCAGGGCCAGAACCAGCTCTATAACGA
GCTCAATCTAGGACGAAGAGAGGAGTACGATGTTTITGGACAAGAGACGTGGCCGGGAC
CCTGAGATGGGGGGAAAGCCGAGAAGGAAGAACCCTCAGGAAGGCCTGTACAATGAA
CTGCAGAAAGATAAGATGGCGGAGGCCTACAGTGAGATTGGGATGAAAGGCGAGCGC
CGGAGGGGCAAGGGGCACGATGGCCTTTACCAGGGTCTCAGTACAGCCACCAAGGACA
CCTACGACGCCCTTCACATGCAGGCCCTGCCCCCTCGCTAA

Figure 1
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USE OF THE CD2 SIGNALING DOMAIN IN
SECOND-GENERATION CHIMERIC
ANTIGEN RECEPTORS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application 1s a divisional of U.S. patent
application Ser. No. 16/460,221, filed Jul. 2, 2019, which 1s

a divisional of U.S. patent application Ser. No. 15/669,362,
filed Aug. 4, 2017, which 1ssued as U.S. Pat. No. 10,501,319,
which 1s a divisional of U.S. patent application Ser. No.
14/375,999, filed Jul. 31, 2014, which 1ssued as U.S. Pat.
No. 9,783,591, which 1s a U.S. national phase application

filed under 35 U.S.C. § 371 claiming benefit to International
Patent Application No. PCT/US2013/027361 filed on Feb.
22, 2013, which 1s entitled to priority under 35 U.S.C. §
119(e) to U.S. Provisional Application No. 61/601,907, filed
Feb. 22, 2012, each of which 1s hereby incorporated by

reference 1n its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] This invention was made with government support
under grant CA120409 awarded by the National Cancer
Institute. The government has certain rights 1n the mnvention.

REFERENCE TO AN ELECTRONIC SEQUENCE
LISTING

[0003] The Sequence Listing submitted herewith as a xml
file named *“046483-6059US5-Sequence-Listing,” created

on Feb. 16, 2023 and having a size of 4,034 bytes, is
incorporated herein by reference 1n 1ts entirety.

BACKGROUND OF THE INVENTION

[0004] T lymphocytes modified with chimeric-antigen
receptors (CARs) bearing the CD3-zeta signaling domain
exhibit moderate levels of target tumor cytolysis and low
amounts of cytokine production. The corporation of
costimulatory signaling domains, usually that of CD28 or
4-1BB, 1nto second-generation CARSs significantly increases
target cell killing and cytokine production. It has been
shown that ligation of the natural CD2 molecule resulted 1n
quantitative and qualitative diflerences compared to TCR-
induced calcium signal transduction. Recent reports dem-
onstrated that ligation of the endogenous CD2 receptor
significantly increases I1L-2 produced from {first-generation
CAR-T cells.

[0005] Current data indicates that CAR T cells need to
engrait and survive in patients who have clinically beneficial
tumor responses (Porter et al., 2011, N Engl J Med, 365:
725-33). However, activation-induced T cell death can occur
when the threshold for too much signal transduction 1s
reached (Viola et al., 1996, Science. 273(5271):104-6; Ren-
Heidenreich et al., 2002, Cancer Immunol Immunother,
2002:417-23; Bachmann et al., 1996, Eur J Immunol, 26(9):
2017-22: Ren-Heidenreich et al., 2001, Curr Gene Ther,
1(3):2353-5; Borthwick et al., 1996, Immunology, (4):3508-
15).

[0006] Thus, there 1s an urgent need in the art for com-
positions of CARs that regulate T cell responses to enhance
CAR T cell survival and provide a beneficial environment
for anti-tumor activity. The present invention addresses this
need.
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SUMMARY OF THE INVENTION

[0007] The mvention provides an 1solated nucleic acid
sequence encoding a chimeric antigen receptor (CAR),
wherein the CAR comprises an antigen binding domain, a
transmembrane domain, a costimulatory signaling region,
and a CD3 zeta signaling domain, wherein the costimulatory
signaling region comprises the CD2 signaling domain.

[0008] In one embodiment, the CAR comprises the
nucleic acid sequence of SEQ ID NO: 1.

[0009] In one embodiment, the antigen binding domain 1s
an antibody or an antigen-binding fragment thereof. In one
embodiment the antigen-binding fragment 1s a Fab or a scFv.
In one embodiment, the antigen binding domain binds to a
tumor antigen. In one embodiment the tumor antigen 1s
associated with a hematologic malignancy. In one embodi-
ment, the tumor antigen 1s associated with a solid tumor. In
one embodiment, tumor antigen 1s selected from the group
consisting of CD19, CD20, CD22, RORI1, mesothelin,
CD33/IL3Ra, c-Met, PSMA, Glycolipid F77, EGFRvVIII,
GD-2, NY-ESO-1 TCR, MAGE A3 TCR, and any combi-
nation thereof.

[0010] In one embodiment, the costimulatory signaling
region further comprises the intracellular domain of a
costimulatory molecule selected from the group consisting
of CD27, CD28, 4-1BB, 0X40, CD30, CD40, PD-1, ICOS,
lymphocyte function-associated antigen-1 (LFA-1), CD7,
LIGHT, NKG2C, B7-H3, a ligand that specifically binds

with CDR83, and any combination thereof.

[0011] The mnvention also provides an isolated chimeric
antigen receptor (CAR) comprising an antigen binding
domain, a transmembrane domain, a costimulatory signaling
region, and a CD3 zeta signaling domain, wherein the
costimulatory signaling region comprises the CD2 signaling
domain.

[0012] The mvention also provides a vector comprising a
nucleic acid sequence encoding a chimeric antigen receptor
(CAR), wherein the CAR comprises an antigen binding
domain, a transmembrane domain, a costimulatory signaling
region, and a CD3 zeta signaling domain, wherein the
costimulatory signaling region comprises the CD2 signaling
domain.

[0013] The mvention also provides a cell comprising a
nucleic acid sequence encoding a chimeric antigen receptor
(CAR), the CAR comprising an antigen binding domain, a
transmembrane domain, a costimulatory signaling region,
and a CD3 zeta signaling domain, wherein the costimulatory
signaling domain comprises the CD2 signaling domain.

[0014] In one embodiment, the cell 1s selected from the
group consisting of a T cell, a Natural Killer (NK) cell, a
cytotoxic T lymphocyte (CTL), and a regulatory T cell.

[0015] In one embodiment, the cell exhibits an anti-tumor
immunity when the antigen binding domain binds to 1ts
corresponding antigen.

[0016] The invention also provides a method for stimu-
lating a T cell-mediated immune response to a target cell
population or tissue in a mammal, the method comprising
administering to a mammal an eflective amount of a cell
genetically modified to express a CAR, wherein the CAR
comprises an antigen binding domain, a transmembrane
domain, a costimulatory signaling region comprising the
CD2 signaling domain, and a CD3 zeta signaling domain,
and wherein the antigen binding domain 1s selected to
specifically recognize the target cell population or tissue.
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[0017] The mmvention provides a method of providing an
anti-tumor 1mmunity in a mammal, the method comprising
administering to the mammal an effective amount of a cell
genetically modified to express a CAR, wherein the CAR
comprises an antigen binding domain, a transmembrane
domain, a costimulatory signaling region comprising the
CD2 signaling domain, and a CD3 zeta signaling, thereby
providing an anti-tumor immunity in the mammal.

[0018] The invention provides a method of treating a
mammal having a disease, disorder or condition associated
with an elevated expression of a tumor antigen, the method
comprising administering to the mammal an effective
amount of a cell genetically modified to express a CAR,
wherein the CAR comprises an antigen binding domain a
transmembrane domain, a costimulatory signaling region
comprising the CD2 signaling domain, and a CD3 zeta
signaling domain, thereby treating the mammal.

[0019] In one embodiment, the cell 1s an autologous T cell.
[0020] The invention provides a method of treating a
human with cancer, the method comprising administering to
the human a T cell genetically engineered to express a CAR,
wherein the CAR comprises an antigen binding domain, a
transmembrane domain, a costimulatory signaling region
comprising the CD2 signaling domain, and a CD3 zeta
signaling domain.

[0021] In one embodiment, the human 1s resistant to at
least one chemotherapeutic agent.

[0022] The mvention provides a method of generating a
persisting population of genetically engineered T cells 1n a
human diagnosed with cancer, the method comprising
administering to the human a T cell genetically engineered
to express a CAR, wherein the CAR comprises an antigen
binding domain a transmembrane domain, a costimulatory
signaling region comprising the CD2 signaling domain, and
a CD3 zeta signaling domain, wherein the persisting popu-
lation of genetically engineered T cells persists in the human
for at least one month after administration.

[0023] In one embodiment, the persisting population of
genetically engineered T cells comprises at least one cell
selected from the group consisting of a T cell that was
administered to the human, a progeny of a T cell that was
administered to the human, and a combination thereof.
[0024] In one embodiment, the persisting population of
genetically engineered T cells comprises a memory T cell.
[0025] In one embodiment, the cancer 1s chronic lympho-
cytic leukemia. In one embodiment, the chronic lymphocytic
leukemia 1s refractory CD19+ leukemia and lymphoma.
[0026] In one embodiment, the persisting population of
genetically engineered T cells persists 1n the human for at
least three months after administration.

[0027] In one embodiment, the persisting population of
genetically engineered T cells persists in the human for at
least four months, five months, six months, seven months,
cight months, nine months, ten months, eleven months,
twelve months, two years, or three years after administra-
tion.

[0028] In one embodiment, the cancer 1s treated.

[0029] The mvention provides a method of expanding a
population of genetically engineered T cells in a human
diagnosed with cancer, the method comprising administer-
ing to the human a T cell genetically engineered to express
a CAR, wherein the CAR comprises an antigen binding
domain, a transmembrane domain, a costimulatory signaling
region comprising the CD2 signaling domain, and a CD3
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zeta signaling domain, wherein the administered genetically
engineered T cell produces a population of progeny T cells
in the human.

[0030] In one embodiment, the progeny T cells 1n the
human comprise a memory T cell.

[0031] In one embodiment, the T cell 1s an autologous T
cell.
[0032] In one embodiment, the human 1s resistant to at

least one chemotherapeutic agent.

[0033] The invention includes a method of modulating the
amount of cytokine secreted by a T cell, said method
comprising genetically engineering the T cell to express a
CAR, wherein the CAR comprises an antigen binding
domain, a transmembrane domain, a costimulatory domain
region comprising CD2, and a CD3 zeta signaling domain.
[0034] In one embodiment, modulating the amount of
cytokine secreted by a T cell reduces the proliferation of T
regulatory cells.

[0035] The mvention mcludes a method of reducing the
amount of activation-induced calcium influx into a T cell,
said method comprising genetically engineering the T cell to
express a CAR, wherein the CAR comprises an antigen
binding domain, a transmembrane domain, a costimulatory
domain region comprising CD2, and a CD3 zeta signaling
domain.

[0036] In one embodiment, reducing the amount of acti-
vation-induced calcium influx mto a T cell prevents the
activation-induced cell death of the T cell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The following detailed description of preferred
embodiments of the invention will be better understood
when read in 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 1n the drawings.

[0038] FIG. 1 depicts the nucleotide sequence for the
antiCD19-CD2zeta CAR (SEQ ID NO: 1).

[0039] FIGS. 2A-2C are series of graphs depicting the

results of example experiments demonstrating that T cells
activate and proliferate from CD3/CD2 signals. Normal
Human donor CD4 and CDS8 T cells were stimulated with
magnetic beads coated with aCD2 (T11.1 and T11.2), aCD3
(OKT3), and a.CD28 (9.3) antibodies. Absolute cell number
and population doublings demonstrate cell proliferation
(FIGS. 2A-2C). Cell size represents state of cell activation
(FIG. 2B and FIG. 2C). Activation by CD2/CD3 signals
sufliciently induces cell activation and proliferation.

[0040] FIG. 3 depicts the results of example experiments
demonstrating that CD2 CARs release cytokines character-
istic of eflective immune response. mRNA CAR-electropo-
rated normal human donor T cells were co-cultured for 24
hours with target tumor cells and cytokine secretion was
measured. IL-2 and IFN-y 1s increased i SS1CD2z, similar

to SS128z (top). However, CD2 signal diminishes cytokine
secretion 1 SS128CD2z. CD19CD2z CAR produces similar

amounts IL-2 and IFN-g compared to CD19z and CD1928z.

[0041] FIG. 4 depicts the results of example experiments
demonstrating that CARs with the CD2 signaling domain
are eflective at killing tumor cells. mRNA CAR-electropo-
rated normal human donor T cells were co-cultured with
target tumor cells for 18 hours (left) and 4 hours (right) at
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varying ellector:target ratios. CD2 CARs efliciently elimi-
nate tumor cells in both assays, comparable CARs with
CD3z or CD28z signaling domains.

[0042] FIG. 5 depicts the results of an example experiment
demonstrating that CD2 signaling domain improves T-cell
proliferation when CAR-electroporated normal human
donor T cells were co-cultured with target tumor cells for 5
days. There 1s no significant difference 1n the number of CD2
CAR-T cells at 3 days of stimulation, but there 1s a two-fold
increase 1n the number of CD2 CAR-T cells after 5 days,
suggesting that CD2 signaling domain contributes to
increased T-cell proliferation when added to a CAR.
[0043] FIG. 6 depicts the results of an example experiment
demonstrating the calcium flux response of CAR-T cells
with the CD28, CD2, CD137 signaling domains 1n addition
to the CD3zeta domain. mRNA CAR-¢electroporated normal
human donor T cells were loaded with Indo-1 AM calcium
indicator and stimulated with mesothelin-Fc fusion protein
30 seconds after the start of recording. Shown are the ratios
of bound calctum (Indo-1 violet) to free calctum (Indo-1
blue) over time. Additions of the CD2 signaling domain to

SS1z increases the calcium flux signal, but not as strong as
the SS128z calcium flux.

DETAILED DESCRIPTION

[0044] The invention relates to compositions and methods
for treating cancer, including, but not limited, to hemato-
logic malignancies and solid tumors. The present invention
relates to a strategy of adoptive cell transter of T cells
modified to express a chimeric antigen receptor (CAR).
CARs are molecules that combine antibody-based specific-
ity for a desired antigen (e.g., tumor antigen) with a T cell
receptor-activating intracellular domain to generate a chi-
meric protein that exhibits a specific anti-tumor cellular
immune activity.

[0045] The present invention provides for the incorpora-
tion of CD2 mto a CAR in order to alter the cytokine
production of T cells that are engineered to express the CAR
comprising CD2. As discussed elsewhere herein, CD2 can
be incorporated into a CAR to both negatively and positively
regulate cytokine production of T cells. Therefore, the use of
CD2 1n a CAR can alter CAR T cell survival and activation
induced cell death thresholds.

[0046] In one embodiment, the invention provides a
method of modulating the amount of cytokine secreted by a
T cell. The method comprises genetically engineering the T
cell to express a CAR wherein the CAR comprises an
antigen binding domain, a transmembrane domain, a
costimulatory domain region comprising CD2, and a CD3
zeta signaling domain.

[0047] In another embodiment, the invention provides a
method of reducing the amount of activation-induced cal-
cium influx mto a T cell. The method comprises genetically
engineering the T cell to express a CAR, wherein the CAR
comprises an antigen binding domain, a transmembrane
domain, a costimulatory domain region comprising CD2,
and a CD3 zeta signaling domain.

[0048] The present invention relates generally to the use of
T cells genetically modified to stably express a desired CAR.
T cells expressing a CAR are referred to herein as CAR T
cells or CAR modified T cells. Preferably, the cell can be
genetically modified to stably express an antibody binding
domain on 1ts surface, conferring novel antigen specificity
that 1s WIC independent. In some instances, the T cell 1s
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genetically modified to stably express a CAR that combines
an antigen recognition domain of a specific antibody with an
intracellular domain of the CD3-zeta chain or FcyRI protein
into a single chimeric protein.

[0049] In one embodiment, the CAR of the mvention
comprises an extracellular domain having an antigen recog-
nition domain, a transmembrane domain, and a cytoplasmic
domain. In one embodiment, the transmembrane domain
that naturally 1s associated with one of the domains 1n the
CAR 1s used. In another embodiment, 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 different surface membrane
proteins to minimize nteractions with other members of the
receptor complex. Preferably, the transmembrane domain 1s
the CD8a hinge domain.

[0050] With respect to the cytoplasmic domain, the CAR
ol the invention can be designed to comprise the CD2, CD28
and/or 4-1BB signaling domain by itself or be combined
with any other desired cytoplasmic domain(s) usetul in the
context of the CAR of the invention. In one embodiment, the
cytoplasmic domain of the CAR can be designed to further
comprise the signaling domain of CD3-zeta. For example,
the cytoplasmic domain of the CAR can include, but 1s not
limited to, CD3-zeta, CD2, 4-1BB and CD28 signaling
modules, and combinations thereof. Accordingly, the mnven-
tion provides CAR T cells and methods of their use for
adoptive therapy.

[0051] In one embodiment, the CAR T cells of the inven-
tion can be generated by introducing a lentiviral vector
comprising the desired CAR, for example a CAR compris-
ing ant1-CD19, CD8a hinge and transmembrane domain,
and human CD2 and CD3zeta signaling domains, into the
cells. In one embodiment, the CAR T cells of the invention
are able to replicate 1 vivo resulting 1n long-term persis-
tence that can lead to sustained tumor control.

[0052] In another embodiment, the CAR T cells of the
invention can be generated by transfecting an RNA encoding
the desired CAR, for example a CAR comprising anti-
CD19, CD8a hinge and transmembrane domain, and human
CD2 and CD3-zeta signaling domains, into the cells. In one

embodiment, the CAR 1s transiently expressed in the geneti-
cally modified CAR T cells.

[0053] In one embodiment the invention relates to admin-
istering a genetically modified T cell expressing a CAR {for
the treatment of a patient having cancer or at risk of having
cancer using lymphocyte infusion. Preferably, autologous
lymphocyte infusion i1s used in the treatment. Autologous
PBMC s are collected from a patient 1n need of treatment and
T cells are activated and expanded using the methods
described herein and known in the art and then infused back
into the patient.

[0054] In one embodiment, the invention relates to geneti-
cally modified T cells expressing a CAR for the treatment of
a patient with cancer. The present imnvention 1s based upon
the finding that the inclusion of the CD2 signaling domain
within the cytoplasmic domain of a CAR significantly
influences cytokine production and calcium signaling 1n
CAR modified T cells. In one embodiment, inclusion of the
CD2 signaling domain increases cytokine production. In
another embodiment, inclusion of the CD2 signaling domain
reduces cytokine production. Therefore, the CD2 signaling
domain within the cytoplasmic domain of a CAR, either
alone or 1 combination with other cytoplasmic signaling
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domains, positively and negatively regulates cytokine pro-
duction at the tumor site. In another embodiment, the CD2
signaling domain within a CAR reduces calcium influx,
thereby preventing activation-induced cell death of the
genetically modified CAR.

[0055] In vyet another embodiment, the invention relates
generally to the treatment of a patient at risk of developing
cancer. The mvention also includes treating a malignancy or
an autoimmune disease in which chemotherapy and/or
immunotherapy 1n a patient results 1n significant 1mmuno-
suppression in the patient, thereby increasing the risk of the
patient of developing cancer.

[0056] The invention includes using T cells expressing an
ant1-CD19 CAR, including both CD3-zeta and the CD2
costimulatory domain (also referred to as CART19 T cells).
In one embodiment, the CART19 T cells of the invention can
undergo robust 1n vivo T cell expansion and can establish
CD19-specific memory cells that persist at high levels for an
extended amount of time 1n blood and bone marrow. In some
instances, the CART19 T cells of the invention infused into
a patient can eliminate leukemia cells 1n vivo 1n patients with
advanced chemotherapy-resistant CLL. However, the inven-
tion 1s not limited to CART19 T cells. Rather, the invention
includes any antigen binding domain (e.g. anti-mesothelin)
tused with one or more intracellular domains selected from
the group of a CD2 signaling domain, a CD137 (4-1BB)
signaling domain, a CD28 signaling domain, a CD3zeta
signal domain, and any combination thereof.

Definitions

[0057] 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 matenals
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.

[0058] Itis 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.

[0059] 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
clement” means one element or more than one element.
[0060] ““About” as used herein when referring to a mea-
surable value such as an amount, a temporal duration, and
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.
[0061] ““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.
[0062] 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 1immunoreactive portions of intact immunoglobulins.
Antibodies are typically tetramers of immunoglobulin mol-
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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),, as well
as single chain antibodies and humanized antibodies (Har-
low 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, N.Y.; Houston et al., 1988, Proc. Natl. Acad. Sci.
USA 85:5879-5883; Bird et al., 1988, Science 242:423-
426).

[0063] The term “antibody fragment”™ refers to a portion of
an 1ntact antibody and refers to the antigenic determining
variable regions of an intact 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.

[0064] 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.

[0065] 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. K and A light chains refer to the two major antibody
light chain 1sotypes.

[0066] 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 speciiying the
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.

[0067] The term “‘antigen” or “Ag” as used herein 1is
defined as a molecule that provokes an immune response.
This immune response may ivolve 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 protein 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 of 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 fluid.

[0068] 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 1n the number of tumor cells, a
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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 1 prevention of the occurrence of tumor 1n the first
place.

[0069] The term “auto-antigen™ means, 1n accordance with
the present invention, any self-antigen which 1s mistakenly
recognized by the immune system as being foreign. Auto-
antigens comprise, but are not limited to, cellular proteins,
phosphoproteins, cellular surface proteins, cellular lipids,
nucleic acids, glycoproteins, icluding cell surface recep-
tors.

[0070] The term *“‘autormmune disease” as used herein 1s
defined as a disorder that results from an autoimmune
response. An autoimmune disease 1s the result of an inap-
propriate and excessive response to a self-antigen. Examples
of autoimmune diseases include but are not limited to,
Addision’s disease, alopecia greata, ankylosing spondylitis,
autoimmune hepatitis, autoimmune parotitis, Crohn’s dis-
case, diabetes (Type I), 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
syndrome, spondyloarthropathies, thyroiditis, vasculitis, vit-
1ligo, myxedema, pernicious anemia, ulcerative colitis,
among others.

[0071] As used herein, the term “autologous™ 1s meant to
refer to any material dertved from the same individual to
which 1t 1s later to be re-introduced 1nto the individual.

[0072] *““‘Allogeneic” refers to a grait derived from a dii-
ferent animal of the same species.

[0073] “Xenogeneic” refers to a graft derived from an
amimal of a different species.

[0074] 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 cancetr,
cervical cancer, skin cancer, pancreatic cancer, colorectal
cancer, renal cancer, liver cancer, brain cancer, lymphoma,
leukemia, lung cancer and the like.

[0075] “‘Co-stimulatory ligand,” as the term 1s used herein,
includes a molecule on an antigen presenting cell (e.g., an
aAPC, dendnitic 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 with
B’7-H3. A co-stimulatory ligand also encompasses, inter alia,
an antibody that specifically binds with a co-stimulatory
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molecule present on a T cell, such as, but not limited to,
CD27, CD28, 4-1BB, OX40, 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 CDRg3.

[0076] 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 an MHC class I molecule, BTLA and a Toll ligand
receptor.

[0077] A “co-stimulatory signal”, as used herein, refers to
a signal, which 1n combination with a primary signal, such
as TCR/CD3 ligation, leads to T cell proliferation and/or
upregulation or downregulation of key molecules.

[0078] 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
amimal 1s a state of health 1n 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 animal’s state of health.
[0079] An “effective amount” as used herein, means an
amount which provides a therapeutic or prophylactic benefit.
[0080] “Encoding” refers to the inherent property of spe-
cific sequences of nucleotides in 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., rIRNA, tRNA and mRNA) or a defined sequence
of amino acids and the biological properties resulting there-
from. Thus, a gene encodes a protein if 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 1n 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.
[0081] As used herein “endogenous’ refers to any material
from or produced inside an organism, cell, tissue or system.
[0082] As used herein, the term “exogenous” refers to any
material introduced from or produced outside an organism.,
cell, tissue or system.

[0083] The term “expression” as used herein 1s defined as
the transcription and/or translation of a particular nucleotide
sequence driven by its promoter.

[0084] “‘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 in 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.

[0085] “‘Homologous” refers to the sequence similarity or
sequence 1dentity between two polypeptides or between two
nucleic acid molecules. When a position 1n both of the two
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compared sequences 15 occupied by the same base or amino
acid monomer subunit, €.g., 1f a position 1n each of two DNA
molecules 1s occupied by adenine, then the molecules are
homologous at that position. The percent of homology
between two sequences 1s a function of the number of
matching or homologous positions shared by the two
sequences divided by the number of positions comparedx
100. For example, if 6 of 10 of the positions 1 two
sequences are matched or homologous then the two
sequences are 60% homologous. By way of example, the
DNA sequences AT'TGCC and TATGGC share 50% homol-
ogy. Generally, a comparison 1s made when two sequences
are aligned to give maximum homology.

[0086] 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,
IgM, 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 1 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.

[0087] 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-
tulness of the compositions and methods of the mvention.
The instructional material of the kit of the invention may, for
example, be athixed 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.

[0088] “Isolated” means altered or removed from the
natural state. For example, a nucleic acid or a peptide
naturally present 1n 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.

[0089] 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, 17" refers to thymidine,
and “U” refers to uridine.

[0090] 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
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include introns to the extent that the nucleotide sequence
encoding the protein may 1n some version contain an intron
(s).

[0091] A “lentivirus™ as used herein refers to a genus of
the Retroviridae family. Lentiviruses are unique among the
retroviruses in 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 transter
1n vivo.

[0092] 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 1n 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 atfecting a native signal or response thereby
mediating a beneficial therapeutic response i1n a subject,
preferably, a human.

[0093] 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. Nucleotide
sequences that encode proteins and RNA may include
introns.

[0094] 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, 1n
the same reading frame.

[0095] The term “overexpressed” tumor antigen or “over-
expression” of the tumor antigen 1s 1ntended to indicate an
abnormal level of expression of the tumor antigen 1n 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.

[0096] “‘Parenteral” admimistration of an immunogenic
composition includes, e.g., subcutaneous (s.c.), mntravenous
(1.v.), mntramuscular (1.m.), or intrasternal 1njection, or infu-
s1on techniques.

.

[0097] The terms “patient,” *“‘subject,” “individual,” and
the like are used interchangeably herein, and refer to any
animal, or cells thereof whether 1n vitro or 1n situ, amenable
to the methods described herein. In certain non-limiting
embodiments, the patient, subject or individual 1s a human.

[0098] 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
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hydrolyzed into nucleosides. As used herein polynucleotides
include, but are not limited to, all nucleic acid sequences
which are obtamned by any means available 1n 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 PCR™, and the like, and by synthetic means.

[0099] As used herein, the terms “peptide,” “polypeptide,”
and “protein” are used interchangeably, and refer to a
compound comprised of amino acid residues covalently
linked by peptide bonds. A protein or peptide must contain
at least two amino acids, and no limitation i1s 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
joined 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.

[0100] 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.

[0101] 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.

[0102] 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.

[0103] 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.

[0104] 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 if the cell 1s a cell
of the tissue type corresponding to the promoter.

[0105] 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 1in a sample. For example,
an antibody that specifically binds to an antigen ifrom 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
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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 iteraction 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. If an antibody 1s specific for epitope “A”, the
presence ol a molecule containing epitope A (or free, unla-
beled A), in a reaction contamning labeled “A” and the
antibody, will reduce the amount of labeled A bound to the
antibody.

[0106] 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-f3, and/or reorganization of cyto-
skeletal structures, and the like.

[0107] A “stimulatory molecule,” as the term 1s used
herein, means a molecule on a T cell that specifically binds
with a cognate stimulatory ligand present on an antigen
presenting cell.

[0108] A “stimulatory ligand,” as used herein, means a
ligand that when present on an antigen presenting cell (e.g.,
an aAPC, a dendritic 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, mnitiation of an 1mmune response,
proliferation, and the like. 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 anti-CD28 antibody, and a superagonist anti-
CD2 antibody.

[0109] As used herein, a “substantially purnified” 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
of 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 in vitro.

[0110] 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.

[0111] The term “therapeutically eflective amount” refers
to the amount of the subject compound that will elicit the
biological or medical response of a tissue, system, or subject
that 1s being sought by the researcher, veterinarian, medical
doctor or other clinician. The term “therapeutically effective
amount” includes that amount of a compound that, when
administered, 1s suflicient to prevent development of, or
alleviate to some extent, one or more of the signs or
symptoms ol the disorder or disease being treated. The
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therapeutically eflective amount will vary depending on the
compound, the disease and 1ts severity and the age, weight,
etc., of the subject to be treated.

[0112] o “treat” a disease as the term 1s used herein,
means to reduce the frequency or severity of at least one sign
or symptom of a disease or disorder experienced by a
subject.

[0113] The term “transiected” or “transformed” or “‘trans-
duced” as used herein refers to a process by which exog-
enous nucleic acid 1s transierred or mtroduced into the host
cell. A “transfected” 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.

[0114] The phrase “under transcriptional control” or
“operatively linked” as used herein means that the promoter
1s 1 the correct location and orientation in relation to a
polynucleotide to control the initiation of transcription by
RNA polymerase and expression of the polynucleotide.
[0115] 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 transfer 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, and the like.

[0116] 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 1nflexible 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 5, 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

[0117] The present mvention provides compositions and
methods for treating cancer, as well as other diseases. The
cancer may be a hematological malignancy, a solid tumor, a
primary or a metastasizing tumor. Other diseases treatable
using the compositions and methods of the invention include
viral, bacterial and parasitic infections as well as autoim-
mune diseases.

[0118] In one embodiment, the mvention provides a cell
(e.g., T cell) engineered to express a CAR, wherein the CAR
T cell exhibits an antitumor property. The CAR of the
invention can be engineered to comprise an extracellular
domain having an antigen binding domain fused to an

intracellular signaling domain of the T cell antigen receptor
complex zeta chain (e.g., CD3-zeta). The CAR of the
invention when expressed in a T cell 1s able to redirect
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antigen recognition based on the antigen binding specificity.
An exemplary antigen 1s CD19 because this antigen 1s
expressed on malignant B cells. However, the invention 1s
not limited to targeting CD19. Rather, the mnvention includes
any antigen binding domain that when bound to 1ts cognate
antigen, aflects a tumor cell so that the tumor cell fails to
grow, 1s prompted to die, or otherwise 1s aflected so that the
tumor burden in a patient 1s dimimished or eliminated. The
antigen binding domain 1s preferably fused with an intrac-
cllular domain from one or more of a costimulatory mol-
ecule and a zeta chain. Preferably, the antigen binding
domain 1s fused with one or more intracellular domains
selected from the group of a CD2 signaling domain, CD137
(4-1BB) signaling domain, a CD28 signaling domain, a
CD3zeta signal domain, and any combination thereof.
[0119] In one embodiment, the CAR of the mvention
comprises a CD2 signaling domain. This 1s because the
present invention 1s partly based on the discovery that
CAR-mediated T-cell responses can be further enhanced
with the addition of costimulatory domains. For example,
inclusion of the CD2 signaling domain significantly influ-
enced cytokine production in both positive and negative
directions, dependent on the presence and 1dentity of other
costimulatory domains in the expressed CAR. In one
embodiment, the mvention comprises a CAR comprising
both CD2 and CD28 domains. In one embodiment, a modi-
fied T cell expressing a CAR with both the CD2 and CD28
domains releases significantly less I1L-2 compared to T cells
expressing a CAR with CD28 but not CD2. In one embodi-
ment, a modified T cell that releases less I[.-2 reduces the
proliferation of mmmunosuppressive Treg cells. Further,
inclusion of the CD2 signaling domain significantly reduced
calcium 1nflux. In one embodiment, the reduction of calcium
influx by mclusion of CD2 reduces activation induced CAR
T cell death.

[0120] In some embodiments, the present invention 1is
directed to a retroviral or lentiviral vector encoding a CAR
that 1s stably integrated mnto a T cell and stably expressed
theremn. In other embodiments, the present invention 1s
directed to an RNA encoding CAR that 1s transfected into a
T cell and transiently expressed therein. Transient, non-
integrating expression of CAR 1n a cell mitigates concerns

associated with permanent and integrated expression of
CAR 1n a cell.

Compositions

[0121] The present invention provides a chimeric antigen
receptor (CAR) comprising an extracellular and intracellular
domain. The extracellular domain comprises a target-spe-
cific binding element otherwise referred to as an antigen
binding domain. The intracellular domain or otherwise the
cytoplasmic domain comprises, a costimulatory signaling
region and a zeta chain portion. The costimulatory signaling
region refers to a portion of the CAR comprising the
intracellular domain of a costimulatory molecule. Costimu-
latory molecules are cell surface molecules other than anti-
gens receptors or their ligands that are required for an
ellicient response of lymphocytes to antigen.

[0122] Between the extracellular domain and the trans-
membrane domain of the CAR, or between the cytoplasmic
domain and the transmembrane domain of the CAR, there
may be incorporated a spacer domain. As used herein, the
term “spacer domain” generally means any oligo- or poly-
peptide that functions to link the transmembrane domain to,
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either the extracellular domain or, the cytoplasmic domain 1n
the polypeptide chain. A spacer domain may comprise up to
300 amino acids, preferably 10 to 100 amino acids and most
preferably 25 to 50 amino acids.

[0123] The present mvention includes retroviral and len-
tiviral vector constructs expressing a CAR that can be
directly transduced into a cell. The present invention also
includes an RNA construct that can be directly transiected
into a cell. A method for generating mRNA for use 1n
transiection mnvolves in vitro transcription (IVT) of a tem-
plate with specially designed primers, followed by polyA
addition, to produce a construct containing 3' and 5' untrans-
lated sequence (“UTR”), a 3' cap and/or Internal Ribosome
Entry Site (IRES), the gene to be expressed, and a polyA tail,
typically 50-2000 bases 1n length. RNA so produced can
cihiciently transiect diflerent kinds of cells. In one embodi-
ment, the template includes sequences for the CAR.
[0124] Preferably, the CAR comprises an extracellular
domain, a transmembrane domain and a cytoplasmic
domain. The extracellular domain and transmembrane
domain can be dertved from any desired source of such
domains.

[0125] Antigen Binding Domain

[0126] The extracellular domain may be obtained from
any of the wide variety of extracellular domains or secreted
proteins associated with ligand binding and/or signal trans-
duction. In one embodiment, the extracellular domain may
consist of an Ig heavy chain which may 1n turn be covalently
associated with Ig light chain by virtue of the presence of
CHI1 and hinge regions, or may become covalently associ-
ated with other Ig heavy/light chain complexes by virtue of
the presence of hinge, CH2 and CH3 domains. In the latter
case, the heavy/light chain complex that becomes joined to
the chimeric construct may constitute an antibody with a
specificity distinct from the antibody specificity of the
chimeric construct. Depending on the function of the anti-
body, the desired structure and the signal transduction, the
entire chain may be used or a truncated chain may be used,
where all or a part of the CH1, CH2, or CH3 domains may
be removed or all or part of the hinge region may be
removed.

[0127] The extracellular domain can be directed to any
desired antigen. For example, when an antitumor CAR 1s
desired, the extracellular domain chosen to be incorporated
into the CAR can be an antigen that i1s associated with the
tumor. The tumor may be any type of tumor as long as it has
a cell surface antigen which 1s recognized by the CAR. In
another embodiment, the CAR may one for which a specific
monoclonal antibody currently exists or can be generated in
the future.

[0128] In one embodiment, the CAR of the mvention
comprises a target-specific binding eclement otherwise
referred to as an antigen binding domain. The choice of
moiety depends upon the type and number of ligands that
define the surface of a target cell. For example, the antigen
binding domain may be chosen to recognize a ligand that
acts as a cell surface marker on target cells associated with
a particular disease state. Thus examples of cell surface
markers that may act as ligands for the antigen moiety
domain 1n the CAR of the mvention include those associated
with viral, bacterial and parasitic infections, autoimmune
disease and cancer cells.

[0129] In one embodiment, the retroviral or lentiviral
vector comprising comprises a CAR designed to be directed
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to an antigen of interest by way of engineering a desired
antigen 1nto the CAR. In the context of the present invention,
“tumor antigen” or “hyperporoliferative disorder antigen™ or
“antigen associated with a hyperproliferative disorder” refer
to antigens that are common to specific hyperproliferative
disorders. In certain aspects, the hyperproliferative disorder
antigens of the present invention are derived from cancers
including, but not limited to, primary or metastatic mela-
noma, mesothelioma, thymoma, lymphoma, sarcoma, lung
cancer, liver cancer, non-Hodgkin’s lymphoma, Hodgkins
lymphoma, leukemias, uterine cancer, cervical cancer, blad-
der cancer, kidney cancer and adenocarcinomas such as
breast cancer, prostate cancer, ovarian cancer, pancreatic
cancer, and the like.

[0130] In another embodiment, the template for the RNA
CAR 1s designed to be directed to an antigen of interest by
way of engineering a desired antigen binding domain into
the CAR. In the context of the present invention, “tumor
antigen” or “hyperporoliferative disorder antigen™ or “anti-
gen associated with a hyperproliferative disorder” refer to
antigens that are common to specific hyperproliferative
disorders. In certain aspects, the hyperproliferative disorder
antigens of the present invention are derived from cancers
including, but not limited to, primary or metastatic mela-
noma, mesothelioma, thymoma, lymphoma, sarcoma, lung
cancer, liver cancer, non-Hodgkin’s lymphoma, Hodgkins
lymphoma, leukemias, uterine cancer, cervical cancer, blad-
der cancer, kidney cancer and adenocarcinomas such as
breast cancer, prostate cancer, ovarian cancer, pancreatic
cancer, and the like.

[0131] Tumor antigens are proteins that are produced by
tumor cells that elicit an 1immune response, particularly
T-cell mediated immune responses. In one embodiment, the
tumor antigen of the present invention comprises one or
more antigenic cancer epitopes immunologically recognized
by tumor infiltrating lymphocytes (TIL) dernived from a
cancer tumor of a mammal. The selection of the antigen
binding domain of the invention will depend on the particu-
lar type of cancer to be treated. Tumor antigens are well
known 1n the art and include, for example, a glioma-
associated antigen, carcinoembryonic antigen (CEA), [3-hu-
man chorionic gonadotropin, alphafetoprotein (AFP), lectin-
reactive AFP, thyroglobulin, RAGE-1, MN-CA IX, human
telomerase reverse transcriptase, RU1, RU2 (AS), intestinal
carboxyl esterase, mut hsp70-2, M-CSF, prostase, prostate-
specific antigen (PSA), PAP, NY-ESO-1, LAGE-la, p53,
prostein, PSMA, Her2/neu, survivin and telomerase, pros-
tate-carcinoma tumor antigen-1 (PCTA-1), MAGE, ELF2M,

neutrophil elastase, ephrinB2, CD22, msulin growth factor
(IGF)-1, IGF-II, IGF-I receptor and mesothelin.

[0132] In one embodiment, the tumor antigen comprises
one or more antigenic cancer epitopes associated with a
malignant tumor. Malignant tumors express a number of
proteins that can serve as target antigens for an immune
attack. These molecules include but are not limited to
tissue-specific antigens such as MART-1, tyrosinase and GP
100 1n melanoma and prostatic acid phosphatase (PAP) and
prostate-specific antigen (PSA) 1n prostate cancer. Other
target molecules belong to the group of transformation-
related molecules such as the oncogene HER-2/Neuw/ErbB-2.
Yet another group of target antigens are onco-fetal antigens
such as carcinoembryonic antigen (CEA). In B-cell lym-
phoma the tumor-specific 1diotype immunoglobulin consti-
tutes a truly tumor-specific immunoglobulin antigen that 1s
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unique to the individual tumor. B-cell diflerentiation anti-
gens such as CD19, CD20 and CD37 are other candidates
for target antigens 1 B-cell lymphoma. Some of these
antigens (CEA, HER-2, CD19, CD20, idiotype) have been
used as targets for passive immunotherapy with monoclonal
antibodies with limited success.

[0133] The type of tumor antigen referred to 1n the inven-
tion may also be a tumor-specific antigen (ITSA) or a
tumor-associated antigen (TAA). A'TSA 1s unique to tumor
cells and does not occur on other cells 1n the body. A TAA
associated antigen 1s not unique to a tumor cell and instead
1s also expressed on a normal cell under conditions that fail
to mduce a state of immunologic tolerance to the antigen.
The expression of the antigen on the tumor may occur under
conditions that enable the immune system to respond to the
antigen. TAAs may be antigens that are expressed on normal
cells during fetal development when the immune system 1s
immature and unable to respond or they may be antigens that
are normally present at extremely low levels on normal cells
but which are expressed at much higher levels on tumor
cells.

[0134] Non-limiting examples of TSA or TAA antigens
include the following: Differentiation antigens such as
MART-1/MelanA (MART-I), gp100 (Pmel 17), tyrosinase,
TRP-1, TRP-2 and tumor-specific multilineage antigens
such as MAGE-1, MAGE-3, BAGE, GAGE-1, GAGE-2,
pl5; overexpressed embryonic antigens such as CEA; over-
expressed oncogenes and mutated tumor-suppressor genes
such as p33, Ras, HER-2/neu; unique tumor antigens result-
ing from chromosomal translocations; such as BCR-ABL,
E2A-PRL, H4-RET, IGH-IGK, MYL-RAR; and viral anti-
gens, such as the Epstein Barr virus antigens EBVA and the
human papillomavirus (HPV) antigens E6 and E7. Other
large, protein-based antigens include TSP-180, MAGE-4,
MAGE-35, MAGE-6, RAGE, NY-ESO, pl85erbB2,
p180erbB-3, c-met, nm-23H1, PSA, TAG-72, CA 19-9, CA
72-4, CAM 17.1, NuMa, K-ras, beta-Catenin, CDK4, Mum-
1, p 15, p 16, 43-9F, 3T4, 791Tgp72, alpha-fetoprotein,
beta-HCG, BCA225, BTAA, CA 125, CA 135-3\CA
2729BCAA, CA 195, CA 242, CA-50, CAMA43, CD68\P1,
CO-029, FGF-5, G250, Ga733\EpCAM, HTgp-175, M344,
MA-50, MG7-Ag, MOV18, NB/70K, NY-CO-1, RCASI,
SDCCAG16, TA-90\Mac-2 binding protein\cyclophilin
C-associated protein, TAAL6, TAG72, TLP, and TPS.

[0135] In a preferred embodiment, the antigen binding
domain portion of the CAR targets an antigen that includes
but 1s not limited to CD19, CD20, CD22, ROR1, Mesothe-
lin, CD33/IL3Ra, c-Met, PSMA, Glycolipid F77, EGFRVIII,
GD-2, MY-ESO-1 TCR, MAGE A3 TCR, and the like.

[0136] Depending on the desired antigen to be targeted,
the CAR of the invention can be engineered to include the
appropriate antigen bind moiety that 1s specific to the desired
antigen target. For example, 11 CD19 1s the desired antigen
that 1s to be targeted, an antibody for CD19 can be used as
the antigen bind moiety for incorporation mto the CAR of
the 1nvention.

[0137] Transmembrane Domain

[0138] With respect to the transmembrane domain, the
CAR can be designed to comprise a transmembrane domain
that 1s fused to the extracellular domain of the CAR. In one
embodiment, the transmembrane domain that naturally is
associated with one of the domains 1n the CAR 1s used. In
some 1nstances, the transmembrane domain can be selected
or modified by amino acid substitution to avoid binding of
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such domains to the transmembrane domains of the same or
different surface membrane proteins to minimize interac-
tions with other members of the receptor complex.

[0139] 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
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, CD5, CD8, CD9, CDl6, CD22, CD33, CD37,
CD64, CD80, CD86, CD134, CD137, CD154. Alternatively
the transmembrane domain may be synthetic, 1n which case
it will comprise predominantly 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. Optionally, a short oligo-
or polypeptide linker, preterably between 2 and 10 amino
acids 1n length may form the linkage between the transmem-
brane domain and the cytoplasmic signaling domain of the
CAR. A glycine-serine doublet provides a particularly suit-

able linker.

[0140] Cytoplasmic Domain

[0141] The cytoplasmic domain or otherwise the intracel-
lular signaling domain of the CAR of the invention 1is
responsible for activation of at least one of the normal
ellector functions of the immune cell 1n which the CAR has
been placed i1n. The term “eflector 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. Thus the term “intra-
cellular signaling domain” refers to the portion of a protein
which transduces the effector function signal and directs the
cell to perform a specialized function. While usually the
entire intracellular signaling domain can be employed, 1n
many cases it 1s not necessary to use the entire chain. To the
extent that a truncated portion of the mtracellular signaling
domain 1s used, such truncated portion may be used 1n place
of the intact chain as long as 1t transduces the eflector
function signal. The term intracellular signaling domain 1s
thus meant to include any truncated portion of the intracel-
lular signaling domain suflicient to transduce the effector
function signal.

[0142] Preferred examples of intracellular signaling
domains for use 1n the CAR of the invention include the
cytoplasmic sequences of the T cell receptor (TCR) and
co-receptors that act in concert to mitiate signal transduction
following antigen receptor engagement, as well as any
derivative or vanant of these sequences and any synthetic
sequence that has the same functional capability.

[0143] It 1s known that signals generated through the TCR
alone are mnsuflicient for tull activation of the T cell and that
a secondary or co-stimulatory signal 1s also required. Thus,
T cell activation can be said to be mediated by two distinct
classes of cytoplasmic signaling sequence: those that initiate
antigen-dependent primary activation through the TCR (pr1-
mary cytoplasmic signaling sequences) and those that act in
an antigen-independent manner to provide a secondary or
co-stimulatory signal (secondary cytoplasmic signaling
sequences).

[0144] Primary cytoplasmic signaling sequences regulate
primary activation of the TCR complex either in a stimula-
tory way, or in an inhibitory way. Primary cytoplasmic
signaling sequences that act 1n a stimulatory manner may
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contain signaling motifs which are known as immunorecep-
tor tyrosine-based activation motifs or ITAMs.

[0145] Examples of ITAM containing primary cytoplas-
mic signaling sequences that are of particular use in the
invention include those derived from TCR zeta, FcR
gamma, FcR beta, CD3 gamma, CD3 delta, CD3 epsilon,
CD5, CD22, CD79a, CD79b, and CD66d. It 1s particularly
preferred that cytoplasmic signaling molecule 1n the CAR of
the 1nvention comprises a cytoplasmic signaling sequence
derived from CD3 zeta.

[0146] In a preferred embodiment, the cytoplasmic
domain of the CAR can be designed to comprise the
CD3-zeta signaling domain by itself or combined with any
other desired cytoplasmic domain(s) useful 1n the context of
the CAR of the invention. For example, the cytoplasmic
domain of the CAR can comprise a CD3 zeta chain portion
and a costimulatory signaling region. The costimulatory
signaling region refers to a portion of the CAR comprising
the intracellular domain of a costimulatory molecule. A
costimulatory molecule 1s a cell surface molecule other than
an antigen receptor or their ligands that 1s required for an

ellicient response of lymphocytes to an antigen. Examples of
such molecules mclude CD27, CD28, 4-1BB (CD137),

0X40, CD30, CD40, PD-1, ICOS, lymphocyte function-
associated antigen-1 (LFA-1), CD2, CD/, LIGHT, NKG2C,
B’7-H3, and a ligand that specifically binds with CD83, and
the like. Thus, while the invention 1n exemplified primarily
with CD2 as the co-stimulatory signaling element, other
costimulatory elements are within the scope of the mnven-
tion.

[0147] The cytoplasmic signaling sequences within the
cytoplasmic signaling portion of the CAR of the mvention
may be linked to each other 1n a random or specified order.
Optionally, a short oligo- or polypeptide linker, preferably
between 2 and 10 amino acids in length may form the
linkage. A glycine-serine doublet provides a particularly
suitable linker.

[0148] In one embodiment, the cytoplasmic domain 1is
designed to comprise the signaling domain of CD3-zeta and
the signaling domain of CD28. In another embodiment, the
cytoplasmic domain 1s designed to comprise the signaling
domain of CD3-zeta and the signaling domain of CD2. In
yet another embodiment, the cytoplasmic domain 1s
designed to comprise the signaling domain of CD3-zeta and
the signaling domain of CD28 and CD2. In yet another
embodiment, the cytoplasmic domain 1s designed to com-
prise the signaling domain of CD3-zeta and the signaling

domain of CD28, CD2, and 4-1BB.

Vectors

[0149] The present mvention encompasses a DNA con-
struct comprising the sequence of a CAR, wherein the
sequence comprises the nucleic acid sequence of an antigen
binding domain operably linked to the nucleic acid sequence
of an intracellular domain. An exemplary intracellular
domain that can be used in the CAR of the invention
includes but 1s not limited to the intracellular domain of
CD3-zeta, CD28, 4-1BB, CD2 and the like. In some
instances, the CAR can comprise any combination of CID3-
zeta, CD28, 4-1BB, CD2 and the like.

[0150] In one embodiment, the CAR of the mvention
comprises anti-CD19 scFv, human CDS8 hinge and trans-
membrane domain, and human CD2 and CD3zeta signaling,
domains. In one embodiment, the CAR of the invention
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comprises the nucleic acid sequence set forth in SEQ ID NO:
1. In another embodiment, the CAR of the invention com-
prises the amino acid sequence encoded by the nucleic acid
set forth in SEQ ID NO: 1.

[0151] The nucleic acid sequences coding for the desired
molecules can be obtained using recombinant methods
known 1n the art, such as, for example by screening libraries
from cells expressing the gene, by deriving the gene from a
vector known to include the same, or by 1solating directly
from cells and tissues containing the same, using standard
techniques. Alternatively, the gene of interest can be pro-
duced synthetically, rather than cloned.

[0152] The present invention also provides vectors 1in
which a DNA of the present invention 1s inserted. Vectors
derived from retroviruses such as the lentivirus are suitable
tools to achieve long-term gene transier since they allow
long-term, stable integration of a transgene and 1ts propa-
gation 1 daughter cells. Lentiviral vectors have the added
advantage over vectors derived from onco-retroviruses such
as murine leukemia viruses in that they can transduce
non-proliferating cells, such as hepatocytes. They also have
the added advantage of low immunogenicity.

[0153] In brief summary, the expression ol natural or
synthetic nucleic acids encoding CARs 1s typically achieved
by operably linking a nucleic acid encoding the CAR
polypeptide or portions thereof to a promoter, and incorpo-
rating the construct into an expression vector. The vectors
can be suitable for replication and integration eukaryotes.
Typical cloning vectors contain transcription and translation
terminators, 1nmitiation sequences, and promoters useful for
regulation of the expression of the desired nucleic acid
sequence.

[0154] The expression constructs of the present mnvention
may also be used for nucleic acid immunization and gene
therapy, using standard gene delivery protocols. Methods for
gene delivery are known in the art. See, e.g., U.S. Pat. Nos.
5,399,346, 5,580,859, 5,589,466, incorporated by reference
herein 1n their entireties. In another embodiment, the inven-
tion provides a gene therapy vector.

[0155] The nucleic acid can be cloned into a number of
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 cos-
mid. Vectors of particular interest include expression vec-
tors, replication vectors, probe generation vectors, and
sequencing vectors.

[0156] Further, 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, 1n
Sambrook et al. (2001, Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory, New York), and 1n
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 suitable vector con-
tamns an origin of replication functional in at least one
organism, a promoter sequence, convenient restriction endo-
nuclease sites, and one or more selectable markers, (e.g.,

WO 01/96584; WO 01/29038; and U.S. Pat. No. 6,326,193).

[0157] A number of viral based systems have been devel-
oped for gene transier into mammalian cells. For example,
retroviruses provide a convenient platform for gene delivery
systems. A selected gene can be iserted into a vector and
packaged 1n retroviral particles using techniques known in
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the art. The recombinant virus can then be 1solated and
delivered to cells of the subject erther 1n vivo or ex vivo. A
number of retroviral systems are known 1n the art. In some
embodiments, adenovirus vectors are used. A number of
adenovirus vectors are known 1n the art. In one embodiment,
lentivirus vectors are used.

[0158] 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 50
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.

[0159] One example of a suitable promoter 1s the 1mme-
diate 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. Another
example of a suitable promoter 1s Elongation Growth Fac-
tor-laa (EF-1a). However, other constitutive promoter
sequences may also be used, including, but not limited to the
simian virus 40 (SV40) early promoter, mouse mammary
tumor virus (MMTV), human immunodeficiency virus
(HIV) long terminal repeat (L1R) promoter, MoMuLV pro-
moter, an avian leukemia virus promoter, an Epstein-Barr
virus 1mmediate early promoter, a Rous sarcoma virus
promoter, as well as human gene promoters such as, but not
limited to, the actin promoter, the myosin promoter, the
hemoglobin promoter, and the creatine kinase promoter.
Further, the invention should not be limited to the use of
constitutive promoters. Inducible promoters are also con-
templated 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 1t 1s opera-
tively linked when such expression 1s desired, or turning ofl
the expression when expression 1s not desired. Examples of
inducible promoters include, but are not limited to a metal-
lothionine promoter, a glucocorticoid promoter, a progester-
one promoter, and a tetracycline promoter.

[0160] In order to assess the expression of a CAR poly-
peptide or portions thereof, the expression vector to be
introduced into a cell can also contain either a selectable
marker gene or a reporter gene or both to facilitate identi-
fication and selection of expressing cells from the population
of cells sought to be transiected or infected through viral
vectors. In other aspects, the selectable marker may be
carried on a separate piece of DNA and used in a co-
transiection procedure. Both selectable markers and reporter
genes may be tlanked with appropnate regulatory sequences
to enable expression 1n the host cells. Useful selectable
markers include, for example, antibiotic-resistance genes,
such as neo and the like.

[0161] 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
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manifested by some easily detectable property, e.g., enzy-
matic activity. Expression of the reporter gene 1s assayed at
a suitable time after the DNA has been introduced into the
recipient cells. Suitable reporter genes may include genes
encoding luciferase, beta-galactosidase, chloramphenicol
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
minimal 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.

[0162] Methods of introducing and expressing genes nto
a cell are known 1n the art. In the context of an expression
vector, the vector can be readily introduced 1nto a host cell,
¢.g., mammalian, bacterial, yeast, or insect cell by any
method 1n the art. For example, the expression vector can be
transferred 1nto a host cell by physical, chemical, or bio-
logical means.

[0163] 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. (2001,
Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Laboratory, New York). A preferred method for the
introduction of a polynucleotide 1nto a host cell 1s calcium
phosphate transiection.

[0164] Biological methods for introducing a polynucle-
otide of interest into a host cell include the use of DNA and
RINA vectors. Viral vectors, and especially retroviral vectors,
have become the most widely used method for inserting
genes into mammalian, e.g., human cells. Other viral vectors
can be derived from lentivirus, poxviruses, herpes simplex

virus I, adenoviruses and adeno-associated viruses, and the
like. See, for example, U.S. Pat. Nos. 5,350,674 and 5,385,

362.

[0165] Chemical means for introducing a polynucleotide
into a host cell include colloidal dispersion systems, such as
macromolecule complexes, nanocapsules, microspheres,
beads, and lipid-based systems including oil-1n-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 artifictal membrane
vesicle).

[0166] In the case where a non-viral delivery system 1s
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
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 i a lipid, contained or
complexed with a micelle, or otherwise associated with a
lipid. Lipid, lipid/DNA or lipid/expression vector associated
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compositions are not limited to any particular structure 1n
solution. For example, they may be present 1n 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.

[0167] Lipids suitable for use can be obtained from com-

mercial sources. For example, dimyristyl phosphatidylcho-
line (“DMPC””) can be obtained from Sigma, St. Louis, Mo.;

dicetyl phosphate (“DCP”) can be obtained from K & K
Laboratories (Plainview, N.Y.); cholesterol (“Cho1”) can be
obtained from Calbiochem-Behring; dimyristyl phosphati-
dylglycerol (“DMPG™) and other lipids may be obtained
from Avanti Polar Lipids, Inc. (Birmingham, Ala.). Stock
solutions of lipids in 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 inner 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
betore the formation of closed structures and entrap water
and dissolved solutes between the lipid bilayers (Ghosh et
al., 1991 Glycobiology 3: 503-10). However, compositions
that have different 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.

[0168] Regardless of the method used to mtroduce exog-
enous nucleic acids 1nto a host cell or otherwise expose a cell
to the mhibitor of the present invention, 1n order to confirm
the presence of the recombinant DNA sequence 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 ol a particular
peptide, e.g., by immunological means (ELISAs and West-
ern blots) or by assays described herein to i1dentily agents
talling within the scope of the invention.

RNA Transtection

[0169] In one embodiment, the genetically modified T
cells of the invention are modified through the introduction
of RNA. In one embodiment, an in vitro transcribed RNA
CAR can be mfroduced to a cell as a form of transient
transiection. The RNA 1s produced by 1n vitro transcription
using a polymerase chain reaction (PCR)-generated tem-
plate. DNA of iterest from any source can be directly
converted by PCR into a template for mm 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
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sequence or any other appropriate source of DNA. The
desired template for in vitro transcription 1s the CAR of the
present invention. For example, the template for the RNA
CAR comprises an extracellular domain comprising a single
chain variable domain of an anti-tumor antibody; a trans-
membrane domain comprising the hinge and transmembrane
domain of CD8a; and a cytoplasmic domain comprises the

signaling domain of CD3-zeta and the signaling domain of
CD2

[0170] In one embodiment, the DNA to be used for PCR
contains an open reading frame. The DNA can be from a
naturally occurring DNA sequence from the genome of an
organism. In one embodiment, the DNA 1s a full length gene
of interest of a portion of a gene. The gene can include some
or all of the 5' and/or 3' untranslated regions (UTRs). The
gene can include exons and introns. In one embodiment, the
DNA to be used for PCR 1s a human gene. In another
embodiment, the DNA to be used for PCR 1s a human gene
including the 3' and 3' UTRs. The DNA can alternatively be
an artificial DNA sequence that 1s not normally expressed 1n
a naturally occurring organism. An exemplary artificial
DNA sequence 1s one that contains portions of genes that are
ligated together to form an open reading frame that encodes
a fusion protein. The portions of DNA that are ligated
together can be from a single organism or from more than
one organism.

[0171] Genes that can be used as sources of DNA for PCR
include genes that encode polypeptides that provide a thera-
peutic or prophylactic effect to an organism or that can be
used to diagnose a disease or disorder 1 an organism.
Preferred genes are genes which are useful for a short term
treatment, or where there are safety concerns regarding
dosage or the expressed gene. For example, for treatment of
cancer, autoimmune disorders, parasitic, viral, bactenal,
fungal or other infections, the transgene(s) to be expressed
may encode a polypeptide that functions as a ligand or
receptor for cells of the immune system, or can function to
stimulate or inhibit the immune system of an organism. In
some embodiments, t 1s not desirable to have prolonged
ongoing stimulation of the immune system, nor necessary to
produce changes which last after successiul treatment, since
this may then elicit a new problem. For treatment of an
autoommune disorder, 1t may be desirable to inhibit or
suppress the immune system during a flare-up, but not long
term, which could result in the patient becoming overly
sensitive to an infection.

[0172] PCR 1s used to generate a template for in vitro
transcription of mRINA which 1s used for transiection. Meth-
ods for performing PCR are well known 1n the art. Primers
for use 1n 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
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domain of interest. 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
usetul 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 of 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.

[0173] Any DNA polymerase usetful for PCR can be used
in the methods disclosed herein. The reagents and poly-
merase are commercially available from a number of
sources.

[0174] Chemical structures with the ability to promote
stability and/or translation efliciency may also be used. The
RNA preferably has 5' and 3' UTRs. In one embodiment, the
3' UTR 1s between zero and 3000 nucleotides 1n length. The
length of 3' 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 in the art can modify the 5" and 3' UTR lengths required

to achieve optimal translation efliciency following transiec-
tion of the transcribed RNA.

[0175] 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
of interest can be added by 1incorporating 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 modifying the stability and/or translation etliciency of
the RNA. For example, 1t 1s known that AU-rich elements in
3" UTR sequences can decrease the stability of mRNA.
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.

[0176] In one embodiment, the 5' UTR can contain the
Kozak sequence of the endogenous gene. Alternatively,
when a 5' 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.

[0177] 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 3' end
of the forward primer, the RNA polymerase promoter
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becomes incorporated into the PCR product upstream of the
open reading frame that 1s to be transcribed. In one preferred
embodiment, the promoter 1s a 17 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 T7, T3 and SP6
promoters are known 1n the art.

[0178] In a preferred embodiment, the mRNA has both a
cap on the 5" end and a 3' poly(A) tail which determine
ribosome binding, imitiation of translation and stability
mRNA 1n the cell. On a circular DNA template, for instance,
plasmid DNA, RNA polymerase produces a long concata-
meric product which 1s not suitable for expression in eukary-
otic cells. The transcription of plasmid DNA linearized at the
end of the 3' UTR results in normal sized mRNA which 1s
not effective 1n eukaryotic transfection even 1f 1t 1s polyade-
nylated after transcription.

[0179] 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).

[0180] 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.

[0181] The polyA/T segment of the transcriptional DNA
template can be produced during PCR by using a reverse
primer containing a polyT tail, such as 100 T 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 RNAs 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.

[0182] Poly(A) tails of RNAs can be further extended

following 1n vitro transcription with the use of a poly(A)
polymerase, such as E. 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 etliciency of
the RNA. Additionally, the attachment of different chemical
groups to the 3' end can increase mRNA stability. Such
attachment can contain modified/artificial nucleotides,
aptamers and other compounds. For example, ATP analogs
can be icorporated into the poly(A) tail using poly(A)

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

[0183] 5'caps on 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 (2003)).

[0184] The RNAs produced by the methods disclosed
herein can also contain an internal ribosome entry site
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(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.

[0185] RNA can be introduced mto target cells using any
ol a number of different methods, for instance, commercially
avallable methods which include, but are not limited to,
clectroporation (Amaxa Nucleofector-II (Amaxa Biosys-
tems, Cologne, Germany)), (ECM 830 (BTX) (Harvard
Instruments, Boston, Mass.) or the Gene Pulser 1I (BioRad,
Denver, Colo.), Multiporator (Eppendort, Hamburg Ger-
many), cationic liposome mediated transiection using lipo-
fection, polymer encapsulation, peptide mediated transiec-
tion, or biolistic particle delivery systems such as “gene

oguns” (see, for example, Nishikawa, et al. Hum Gene Ther.,
12(8):861-70 (2001).

Genetically Modified T Cells

[0186] In some embodiments, the CAR sequences are
delivered into cells using a retroviral or lentiviral vector.
CAR-expressing retroviral and lentiviral vectors can be
delivered into different types of eukaryotic cells as well as
into tissues and whole orgamisms using transduced cells as
carriers or cell-free local or systemic delivery of encapsu-
lated, bound or naked vectors. The method used can be for
any purpose where stable expression 1s required or sutlicient.
[0187] In other embodiments, the CAR sequences are
delivered into cells using 1n vitro transcribed mRNA. In
vitro transcribed mRNA CAR can be delivered into diflerent
types of eukaryotic cells as well as into tissues and whole
organisms using transiected cells as carriers or cell-free
local or systemic delivery of encapsulated, bound or naked
mRNA. The method used can be for any purpose where
transient expression 1s required or suilicient.

[0188] The disclosed methods can be applied to the modu-
lation of T cell activity 1n basic research and therapy, in the
fields of cancer, stem cells, acute and chronic infections, and
autoimmune diseases, including the assessment of the ability
of the genetically modified T cell to kill a target cancer cell.
[0189] The methods also provide the ability to control the
level of expression over a wide range by changing, for
example, the promoter or the amount of input RNA, making
it possible to individually regulate the expression level.
Furthermore, the PCR-based technique of mRNA produc-
tion greatly facilitates the design of the chimeric receptor
mRNAs with different structures and combination of their
domains. For example, varying of different intracellular
cllector/costimulator domains on multiple chimeric recep-
tors 1n the same cell allows determination of the structure of
the receptor combinations which assess the highest level of
cytotoxicity against multi-antigenic targets, and at the same
time lowest cytotoxicity toward normal cells.

[0190] One advantage of RNA transiection methods of the
invention 1s that RNA transfection i1s essentially transient
and a vector-free: An RNA transgene can be delivered to a
lymphocyte and expressed therein following a brief 1n vitro
cell activation, as a mimimal expressing cassette without the
need for any additional viral sequences. Under these con-
ditions, integration of the transgene into the host cell
genome 1s unlikely. Cloning of cells 1s not necessary because
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of the efliciency of transiection of the RNA and its ability to
uniformly modity the entire lymphocyte population.

[0191] Genetic modification of T cells with 1n vitro-
transcribed RNA (IVI-RNA) makes use of two different
strategies both of which have been successively tested 1n
various ammal models. Cells are transfected with 1 vitro-
transcribed RNA by means of lipofection or electroporation.
Preferably, it 1s desirable to stabilize IVI-RNA using various

modifications in order to achieve prolonged expression of
transierred IVI-RNA.

[0192] Some IVT vectors are known in the literature
which are utilized 1n a standardized manner as template for

in vitro transcription and which have been genetically modi-
fled 1n such a way that stabilized RNA transcripts are
produced. Currently protocols used in the art are based on a
plasmid vector with the following 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 50-70 A nucleotides. Prior to 1n vitro transcrip-
tion, the circular plasmid 1s linearized downstream of the
polyadenyl cassette by type Il restriction enzymes (recog-
nition sequence corresponds to cleavage site). The polyade-
nyl cassette thus corresponds to the later poly(A) sequence
in the transcript. As a result of this procedure, some nucleo-
tides remain as part ol 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 over-
hang affects the amount of protein produced intracellularly
from such a construct.

[0193] RNA has several advantages over more traditional
plasmid or viral approaches. Gene expression from an RNA
source does not require transcription and the protein product
1s produced rapidly after the transiection. Further, since the
RINA has to only gain access to the cytoplasm, rather than
the nucleus, and therefore typical transfection methods
result 1n an extremely high rate of transfection. In addition,
plasmid based approaches require that the promoter driving
the expression of the gene of interest be active 1n the cells
under study.

[0194] In another aspect, the RNA construct can be deliv-
ered 1nto the cells by electroporation. See, ¢.g., the formu-
lations and methodology of electroporation of nucleic acid
constructs into mammalian cells as taught i US 2004/

0014645, US 2005/0052630A1, US 2005/0070841A1, US
2004/0059285A1, US 2004/0092907A1. The wvarious
parameters including electric field strength required for
clectroporation of any known cell type are generally known
in the relevant research literature as well as numerous
patents and applications 1n the field. See e.g., U.S. Pat. Nos.
6,678,556, 7,171,264, and 7,173,116. Apparatus for thera-
peutic application of electroporation are available commer-
cially, e.g., the MedPulser™ DNA Electroporation Therapy
System (Inovio/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;
clectroporation may also be used for transfection of cells 1n
vitro as described e.g. 1n US20070128708A1. Electropora-
tion may also be utilized to deliver nucleic acids into cells
in vitro. Accordingly, electroporation-mediated administra-
tion into cells of nucleic acids including expression con-
structs utilizing any of the many available devices and
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clectroporation systems known to those of skill 1n the art
presents an exciting new means for delivering an RNA of
interest to a target cell.

Sources of T Cells

[0195] Prior to expansion and genetic modification of the
T cells of the invention, a source of T cells 1s obtained from
a subject. T cells can be obtained from a number of sources,
including peripheral blood mononuclear cells, bone marrow,
lymph node tissue, cord blood, thymus tissue, tissue from a
site of infection, ascites, pleural eflusion, spleen tissue, and
tumors. In certain embodiments of the present invention, any
number of T cell lines available 1n the art, may be used. In
certain embodiments of the present invention, T cells can be
obtained from a unit of blood collected from a subject using
any number of techniques known to the skilled artisan, such
as Ficoll™ separation. In one preferred embodiment, cells
from the circulating blood of an individual are obtained by
apheresis. The apheresis product typically contains lympho-
cytes, mncluding T cells, monocytes, granulocytes, B cells,
other nucleated white blood cells, red blood cells, and
platelets. In one embodiment, the cells collected by aphere-
s1s may be washed to remove the plasma fraction and to
place the cells 1n an appropriate buller or media for subse-
quent processing steps. In one embodiment of the mnvention,
the cells are washed with phosphate butlered saline (PBS).
In an alternative embodiment, the wash solution lacks cal-
cium and may lack magnesium or may lack many 11 not all
divalent cations. Again, surprisingly, initial activation steps
in the absence of calcium lead to magnified activation. As
those of ordinary skill 1in the art would readily appreciate a
washing step may be accomplished by methods known to
those 1n the art, such as by using a semi-automated “tlow-
through™ centrifuge (for example, the Cobe 2991 cell pro-
cessor, the Baxter CytoMate, or the Haemonetics Cell Saver
5) according to the manufacturer’s istructions. After wash-
ing, the cells may be resuspended 1n a variety of biocom-
patible buffers, such as, for example, Ca**-free, Mg~*-free
PBS, Plasmalyte A, or other saline solution with or without
bufler. Alternatively, the undesirable components of the
apheresis sample may be removed and the cells directly
resuspended 1n culture media.

[0196] In another embodiment, T cells are 1solated from
peripheral blood lymphocytes by lysing the red blood cells
and depleting the monocytes, for example, by centrifugation
through a PERCOLL' gradient or by counterflow centrifugal
clutriation. A specific subpopulation of T cells, such as
CD3™", CD28%, CD4™, CD8*, CD45RA™, and CD45RO™ T
cells, can be further 1solated by positive or negative selection
techniques. For example, in one embodiment, T cells are
isolated by incubation with anti-CD3/anti-CD28 (i.e.,
3x28)-conjugated beads, such as DYNABEADS® M-450
CD3/CD28 T, for a time period suflicient for positive
selection of the desired T cells. In one embodiment, the time
period 1s about 30 minutes. In a further embodiment, the
time period ranges from 30 minutes to 36 hours or longer
and all integer values there between. In a further embodi-
ment, the time period 1s at least 1, 2, 3, 4, 5, or 6 hours. In
yet another preferred embodiment, the time period 1s 10 to
24 hours. In one preferred embodiment, the incubation time
period 1s 24 hours. For 1solation of T cells from patients with
leukemia, use of longer incubation times, such as 24 hours,
can increase cell yield. Longer incubation times may be used
to 1solate T cells 1n any situation where there are few T cells
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as compared to other cell types, such 1n isolating tumor
infiltrating lymphocytes (TIL) from tumor tissue or from
immune-compromised individuals. Further, use of longer
incubation times can increase the ethiciency of capture of
CD8+ T cells. Thus, by simply shortenming or lengthening the
time T cells are allowed to bind to the CD3/CD28 beads
and/or by increasing or decreasing the ratio of beads to T
cells (as described further herein), subpopulations of T cells
can be preferentially selected for or against at culture
initiation or at other time points during the process. Addi-
tionally, by increasing or decreasing the ratio of anti-CD3
and/or ant1-CD28 antibodies on the beads or other surface,
subpopulations of T cells can be preferentially selected for
or against at culture initiation or at other desired time points.
The skilled artisan would recognize that multiple rounds of
selection can also be used 1n the context of this invention. In
certain embodiments, 1t may be desirable to perform the
selection procedure and use the “unselected” cells 1n the
activation and expansion process. “Unselected” cells can
also be subjected to further rounds of selection.

[0197] Enrnichment of a T cell population by negative
selection can be accomplished with a combination of anti-
bodies directed to surface markers unique to the negatively
selected cells. One method 1s cell sorting and/or selection via
negative magnetic immunoadherence or tlow cytometry that
uses a cocktail of monoclonal antibodies directed to cell
surface markers present on the cells negatively selected. For
example, to enrich for CD4" cells by negative selection, a
monoclonal antibody cocktail typically includes antibodies
to CD14, CD20, CDl11b, CD16, HLA-DR, and CDS. In
certain embodiments, 1t may be desirable to enrich for or
positively select for regulatory T cells which typically
express CD4*, CD25*, CD62L", GITR™, and FoxP3*. Alter-
natively, 1n certain embodiments, T regulatory cells are
depleted by anti-C25 conjugated beads or other similar
method of selection.

[0198] 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, 30, 33, 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.
Further, use of high cell concentrations allows more eflicient
capture of cells that may weakly express target antigens of
interest, such as CD28-negative T cells, or from samples
where there are many tumor cells present (i.e., leukemic
blood, tumor tissue, etc.). Such populations of cells may
have therapeutic value and would be desirable to obtain. For
example, using high concentration of cells allows more
efficient selection of CD8™ T cells that normally have weaker
CD28 expression.

[0199] In a related embodiment, it may be desirable to use
lower concentrations of cells. By significantly diluting the
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mixture of T cells and surface (e.g., particles such as beads),
interactions between the particles and cells 1s minimized.
This selects for cells that express high amounts of desired
antigens to be bound to the particles. For example, CD4™ T
cells express higher levels of CD28 and are more efliciently
captured than CD8™ T cells in dilute concentrations. In one
embodiment, the concentration of cells used is 5x10°/ml. In
other embodiments, the concentration used can be {from
about 1x10°/ml to 1x10°ml, and any integer value in
between.

[0200] In other embodiments, the cells may be incubated
on a rotator for varying lengths of time at varying speeds at
cither 2-10° C. or at room temperature.

[0201] T cells for stimulation can also be frozen after a
washing step. Wishing not 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 platelets, the cells may be suspended 1n a
freezing solution. While many freezing solutions and param-
eters are known 1n the art and will be useful 1n this context,
one method mnvolves using PBS containing 20% DMSO and
8% human serum albumin, or culture media containing 10%
Dextran 40 and 5% Dextrose, 20% Human Serum Albumin
and 7.5% DMSO, or 31.25% Plasmalyte-A, 31.25% Dex-
trose 5%, 0.45% NaC(Cl, 10% Dextran 40 and 5% Dextrose,
20% Human Serum Albumin, and 7.5% DMSO or other
suitable cell freezing media containing for example, Hespan
and Plasmalyte A, the cells then are 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 1in liquid nitrogen.

[0202] In certain embodiments, cryopreserved cells are
thawed and washed as described herein and allowed to rest
for one hour at room temperature prior to activation using
the methods of the present mnvention.

[0203] Also contemplated 1n the context of the mvention
1s the collection of blood samples or apheresis product from
a subject at a time period prior to when the expanded cells
as described herein might be needed. As such, the source of
the cells to be expanded can be collected at any time point
necessary, and desired cells, such as T cells, 1solated and
frozen for later use 1 T cell therapy for any number of
diseases or conditions that would benefit from T cell therapy,
such as those described herein. In one embodiment a blood
sample or an apheresis 1s taken from a generally healthy
subject. In certain embodiments, a blood sample or an
apheresis 1s taken from a generally healthy subject who 1s at
risk of developing a disease, but who has not yet developed
a disease, and the cells of interest are 1solated and frozen for
later use. In certain embodiments, the T cells may be
expanded, frozen, and used at a later time. In certain
embodiments, samples are collected from a patient shortly
alter diagnosis of a particular disease as described herein but
prior to any treatments. In a further embodiment, the cells
are 1solated from a blood sample or an apheresis from a
subject prior to any number of relevant treatment modalities,
including but not limited to treatment with agents such as
natalizumab, efalizumab, antiviral agents, chemotherapy,
radiation, immunosuppressive agents, such as cyclosporin,
azathioprine, methotrexate, mycophenolate, and FK306,
antibodies, or other immunoablative agents such as CAM-
PATH, anti-CD3 antibodies, cytoxan, {fludarabine,
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cyclosporin, FK306, rapamycin, mycophenolic acid, ste-
roids, FR901228, and 1rradiation. These drugs inhibit either
the calcium dependent phosphatase calcineurin (cy-
closporine and FK506) or inhibit the p7056 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. 3:763-
773, 1993). In a further embodiment, the cells are 1solated
for a patient and frozen for later use 1n conjunction with
(e.g., before, simultaneously or following) bone marrow or
stem cell 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
cells are 1solated prior to and can be frozen for later use for
treatment following B-cell ablative therapy such as agents
that react with CD20, e.g., Rituxan.

[0204] In a further embodiment of the present invention, T
cells are obtained from a patient directly following treat-
ment. In this regard, 1t has been observed that following
certain cancer treatments, 1n particular treatments with drugs
that damage the immune system, shortly after treatment
during the period when patients would normally be recov-
ering from the treatment, the quality of T cells obtained may
be optimal or improved for their ability to expand ex vivo.
Likewise, following ex vivo manipulation using the methods
described herein, these cells may be 1n a preferred state for
enhanced engraftment and in vivo expansion. Thus, 1t 1s
contemplated within the context of the present invention to
collect blood cells, including T cells, dendritic cells, or other
cells of the hematopoietic linecage, during this recovery
phase. Further, in certain embodiments, mobilization (for
example, mobilization with GM-CSF) and conditioning
regimens can be used to create a condition 1 a subject
wherein repopulation, recirculation, regeneration, and/or
expansion of particular cell types 1s favored, especially
during a defined window of time following therapy. Illus-
trative cell types include T cells, B cells, dendrtic cells, and
other cells of the immune system.

Activation and Expansion of T Cells

[0205] Whether prior to or after genetic modification of
the T cells to express a desirable CAR, the T cells can be
activated and expanded generally using methods as
described, for example, in U.S. Pat. Nos. 6,352,694; 6,534,
055; 6,905,680; 6,692,964; 5,858,358; 6,887,466; 6,905,
681; 7,144,575; 7,067,318; 7,172,869; 7,232,566; 7,173,
843; 5,883,223; 6,905,874; 6,797,514, 6,867,041; and U.S.
Patent Application Publication No. 20060121005.

[0206] Generally, the'T cells of the invention 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. In particular, T cell populations may
be stimulated as described herein, such as by contact with an
ant1-CD3 antibody, or antigen-binding fragment thereof, or
an ant1-CD2 antibody immobilized on a surface, or by
contact with a protein kinase C activator (e.g., bryostatin) 1n
conjunction with a calctum 1onophore. For co-stimulation of
an accessory molecule on the surface of the T cells, a ligand
that binds the accessory molecule 1s used. For example, a
population of T cells can be contacted with an anti-CD3
antibody and an anti-CD28 antibody, under conditions
appropriate for stimulating proliferation of the T cells. To
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stimulate proliferation of either CD4™ T cells or CD8" T
cells, an anti-CD3 antibody and an anti-CD28 antibody.
Examples of an anti-CD28 antibody include 9.3, B-T3,

XR-CD28 (Diaclone, Besancon, France) can be used as can
other methods commonly known in the art (Berg et al.,

Transplant Proc. 30(8):3975-3977, 1998; Haanen et al., J.
Exp. Med. 190(9):13191328, 1999; Garland et al., J. Immu-
nol Meth. 227(1-2):53-63, 1999).

[0207] In certain embodiments, the primary stimulatory
signal and the co-stimulatory signal for the T cell may be
provided by different protocols. For example, the agents
providing each signal may be 1n solution or coupled to a
surface. When coupled to a surface, the agents may be
coupled to the same surface (1.e., 1 “c1s” formation) or to
separate surfaces (1.e., 1n “trans” formation). Alternatively,
one agent may be coupled to a surface and the other agent
in solution. In one embodiment, the agent providing the
co-stimulatory signal 1s bound to a cell surface and the agent
providing the primary activation signal 1s in solution or
coupled to a surface. In certain embodiments, both agents
can be 1n solution. In another embodiment, the agents may
be 1n soluble form, and then cross-linked to a surface, such
as a cell expressing Fc receptors or an antibody or other
binding agent which will bind to the agents. In this regard,
see for example, U.S. Patent Application Publication Nos.
20040101519 and 20060034810 for artificial antigen pre-
senting cells (aAPCs) that are contemplated for use 1n
activating and expanding T cells in the present invention.

[0208] In one embodiment, the two agents are 1immobi-
lized on beads, either on the same bead, 1.e., “cis,” or to
separate beads, 1.e., “trans.” By way of example, the agent
providing the primary activation signal 1s an anti-CD?3
antibody or an antigen-binding fragment thereof and the
agent providing the co-stimulatory signal 1s an anti-CD28
antibody or antigen-binding fragment thereof, and both
agents are co-immobilized to the same bead 1n equivalent
molecular amounts. In one embodiment, a 1:1 ratio of each
antibody bound to the beads for CD4™ T cell expansion and
T cell growth 1s used. In certain aspects of the present
invention, a ratio of ant1 CD3:CD28 antibodies bound to the
beads 1s used such that an increase in T cell expansion 1s
observed as compared to the expansion observed using a
ratio of 1:1. In one particular embodiment an increase of
from about 1 to about 3 fold 1s observed as compared to the
expansion observed using a ratio of 1:1. In one embodiment,
the ratio of CD3:CD28 antibody bound to the beads ranges
from 100:1 to 1:100 and all integer values there between. In
one aspect of the present invention, more anti-CD28 anti-
body 1s bound to the particles than anti-CD3 antibody, 1.e.,
the ratio of CD3:CD28 1s less than one. In certain embodi-
ments of the invention, the ratio of anti CD28 antibody to
ant1 CD3 antibody bound to the beads 1s greater than 2:1. In
one particular embodiment, a 1:100 CD3:CD28 ratio of
antibody bound to beads 1s used. In another embodiment, a
1:75 CD3:CD28 ratio of antibody bound to beads 1s used. In
a Turther embodiment, a 1:50 CD3:CD28 ratio of antibody
bound to beads 1s used. In another embodiment, a 1:30
CD3:CD28 ratio of antibody bound to beads 1s used. In one
preferred embodiment, a 1:10 CD3:CD28 ratio of antibody
bound to beads 1s used. In another embodiment, a 1:3
CD3:CD28 ratio of antibody bound to the beads 1s used. In
yet another embodiment, a 3:1 CD3:CD28 ratio of antibody
bound to the beads 1s used.
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[0209] Ratios of particles to cells from 1:500 to 500:1 and
any integer values i between may be used to stimulate T
cells or other target cells. As those of ordinary skill 1n the art
can readily appreciate, the ratio of particles to cells may
depend on particle size relative to the target cell. For
example, small sized beads could only bind a few cells,
while larger beads could bind many. In certain embodiments
the ratio of cells to particles ranges from 1:100 to 100:1 and
any integer values in-between and in further embodiments
the ratio comprises 1:9 to 9:1 and any integer values in
between, can also be used to stimulate T cells. The ratio of
ant1-CD3- and anti-CD28-coupled particles to T cells that
result in T cell stimulation can vary as noted above, however
certain preferred values include 1:100, 1:30, 1:40, 1:30,
1:20, 1:10, 1:9, 1:8, 1:7, 1:6, 1:5, 1:4, 1:3, 1:2, 1:1, 2:1, 3:1,
4:1,5:1,6:1,7:1,8:1, 9:1, 10:1, and 15:1 with one preferred
ratio being at least 1:1 particles per T cell. In one embodi-
ment, a ratio of particles to cells of 1:1 or less 1s used. In one
particular embodiment, a preferred particle: cell ratio 1s 1:5.
In further embodiments, the ratio of particles to cells can be
varied depending on the day of stimulation. For example, in
one embodiment, the ratio of particles to cells 1s from 1:1 to
10:1 on the first day and additional particles are added to the
cells every day or every other day thereafter for up to 10
days, at final ratios of from 1:1 to 1:10 (based on cell counts
on the day of addition). In one particular embodiment, the
ratio of particles to cells 1s 1:1 on the first day of stimulation
and adjusted to 1:5 on the third and fifth days of stimulation.
In another embodiment, particles are added on a daily or
every other day basis to a final ratio of 1:1 on the first day,
and 1:5 on the third and fifth days of stimulation. In another
embodiment, the ratio of particles to cells 1s 2:1 on the first
day of stimulation and adjusted to 1:10 on the third and fifth
days of stimulation. In another embodiment, particles are
added on a daily or every other day basis to a final ratio of
1:1 on the first day, and 1:10 on the third and fifth days of
stimulation. One of skill in the art will appreciate that a
variety of other ratios may be suitable for use 1n the present
invention. In particular, ratios will vary depending on par-
ticle size and on cell size and type.

[0210] In further embodiments of the present invention,
the cells, such as T cells, are combined with agent-coated
beads, the beads and the cells are subsequently separated,
and then the cells are cultured. In an alternative embodi-
ment, prior to culture, the agent-coated beads and cells are
not separated but are cultured together. In a further embodi-
ment, the beads and cells are first concentrated by applica-
tion of a force, such as a magnetic force, resulting in
increased ligation of cell surface markers, thereby inducing
cell stimulation.

[0211] By way of example, cell surface proteins may be
ligated by allowing paramagnetic beads to which anti-CID3
and ant1-CD28 are attached (3x28 beads) to contact the T
cells. In one embodiment the cells (for example, 10 to 107
T cells) and beads (for example, DYNABEADS® M-450
CD3/CD28 T paramagnetic beads at a ratio of 1:1) are
combined in a bufler, preferably PBS (without divalent
cations such as, calctum and magnesium). Again, those of
ordinary skill in the art can readily appreciate any cell
concentration may be used. For example, the target cell may
be very rare in the sample and comprise only 0.01% of the
sample or the entire sample (1.e., 100%) may comprise the
target cell of interest. Accordingly, any cell number 1s within
the context of the present invention. In certain embodiments,
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it may be desirable to significantly decrease the volume 1n
which particles and cells are mixed together (1.e., increase
the concentration of cells), to ensure maximum contact of
cells and particles. For example, in one embodiment, a
concentration of about 2 billion cells/ml 1s used. In another
embodiment, greater than 100 million cells/ml 1s used. In a
further embodiment, a concentration of cells of 10, 15, 20,
25, 30, 35, 40, 45, or 50 million cells/ml 1s used. In yet
another embodiment, a concentration of cells from 735, 0,
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.
Further, use of high cell concentrations allows more eflicient
capture of cells that may weakly express target antigens of
interest, such as CD28-negative T cells. Such populations of
cells may have therapeutic value and would be desirable to
obtain 1n certain embodiments. For example, using high
concentration of cells allows more eflicient selection of
CD8+ T cells that normally have weaker CD28 expression.

[0212] In one embodiment of the present invention, the
mixture may be cultured for several hours (about 3 hours) to
about 14 days or any hourly integer value in between. In
another embodiment, the mixture may be cultured for 21
days. In one embodiment of the invention the beads and the
T cells are cultured together for about eight days. In another
embodiment, the beads and T cells are cultured together for
2-3 days. Several cycles of stimulation may also be desired
such that culture time of T cells can be 60 days or more.
Conditions appropriate for T cell culture include an appro-
priate media (e.g., Mimmal Essential 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), interleukin-2 (IL-2),
insulin, IFN-v, IL-4, 1L-7, GM-CSF, 1L-10, IL-12, IL-15,
TGFP, 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, o-MEM, F-12, X-Vivo 135, and
X-Vivo 20, Optimizer, with added amino acids, sodium
pyruvate, and vitamins, either serum-iree or supplemented
with an appropriate amount of serum (or plasma) or a
defined set of hormones, and/or an amount of cytokine(s)
suilicient for the growth and expansion of T cells. Antibi-
otics, e.g., penicillin and streptomycin, are included only 1n
experimental cultures, not in 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,).

[0213] T cells that have been exposed to varied stimula-
tion times may exhibit different characteristics. For example,
typical blood or apheresed peripheral blood mononuclear
cell products have a helper T cell population (TH, CD4™%)
that 1s greater than the cytotoxic or suppressor T cell
population (Tc, CD8"). Ex vivo expansion of T cells by
stimulating CD3 and CD28 receptors produces a population
of T cells that prior to about days 8-9 consists predominately
of TH cells, while after about days 8-9, the population of T
cells comprises an increasingly greater population of Tc
cells. Accordingly, depending on the purpose of treatment,
infusing a subject with a T cell population comprising
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predominately of TH cells may be advantageous. Similarly,
iI an antigen-specific subset of Tc cells has been 1solated 1t
may be beneficial to expand this subset to a greater degree.
[0214] Further, i addition to CD4 and CD8 markers, other
phenotypic markers vary significantly, but in large part,
reproducibly during the course of the cell expansion process.
Thus, such reproducibility enables the ability to tailor an
activated T cell product for specific purposes.

Therapeutic Application

[0215] The present invention encompasses a cell (e.g., T
cell) modified to express a CAR that combines an antigen
recognition domain of a specific antibody with an intracel-
lular domain of CD3-zeta, CD28, 4-1BB, CD2, or any
combinations thereof. Therefore, 1n some instances, the
modified T cell can elicit a CAR-mediated T-cell response.
[0216] The invention provides the use of a CAR to redirect
the specificity of a primary T cell to a tumor antigen. Thus,
the present invention also provides a method for stimulating
a T cell-mediated immune response to a target cell popula-
tion or tissue 1n a mammal comprising the step of admin-
istering to the mammal a T cell that expresses a CAR,
wherein the CAR comprises a binding moiety that specifi-
cally interacts with a predetermined target, a zeta chain
portion comprising for example the intracellular domain of
human CD3zeta, and a costimulatory signaling region.
[0217] In one embodiment, the present invention includes
a type of cellular therapy where T cells are genetically
modified to express a CAR and the CAR T cell 1s infused to
a recipient in need thereof. The infused cell 1s able to kill
tumor cells 1n the recipient. Unlike antibody therapies, CAR
T cells are able to replicate 1n vivo resulting in long-term
persistence that can lead to sustained tumor control.
[0218] In one embodiment, the CAR T cells of the inven-
tion can undergo robust i vivo T cell expansion and can
persist for an extended amount of time. In another embodi-
ment, the CAR T cells of the invention evolve nto specific
memory T cells that can be reactivated to inhibit any
additional tumor formation or growth. For example, CAR T
cells of the mvention can undergo robust i vivo T cell
expansion and persist at high levels for an extended amount
of time 1n blood and bone marrow and form specific memory
T cells. Without wishing to be bound by any particular
theory, CAR T cells may differentiate 1in vivo into a central
memory-like state upon encounter and subsequent elimina-
tion of target cells expressing the surrogate antigen.

[0219] Without wishing to be bound by any particular
theory, the anti-tumor immunity response elicited by the
CAR-modified T cells may be an active or a passive immune
response. In addition, the CAR mediated immune response
may be part of an adoptive immunotherapy approach in
which CAR-modified T cells induce an immune response
specific to the antigen binding domain in the CAR. For
example, a CART19 cells elicits an immune response spe-
cific against cells expressing CD19.

[0220] While the data disclosed herein specifically dis-
close mRNA comprising either anti-CD19 scFv derived
from FMC63 murine monoclonal antibody or the anti-
mesothelin SS1 scFv, along with human CD8qa hinge and
transmembrane domain, and human CD2 and CD3zeta
signaling domains, the mvention should be construed to
include any number of variations for each of the components
of the construct as described elsewhere herein. That 1s, the
invention icludes the use of any antigen binding domain 1n




US 2023/0242612 Al

the CAR to generate a CAR-mediated T-cell response spe-
cific to the antigen binding domain. For example, the antigen
binding domain 1n the CAR of the invention can target a
tumor antigen for the purposes of treat cancer.

[0221] Cancers that may be treated 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 CARs of the
invention include, but are not limited to, carcinoma, blas-
toma, and sarcoma, and certain leukemia or lymphoid malig-
nancies, benmign and malignant tumors, and malignancies
¢.g., sarcomas, carcinomas, and melanomas. Adult tumors/
cancers and pediatric tumors/cancers are also included.

[0222] Hematologic cancers are cancers of the blood or
bone marrow. Examples ol 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-
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.

[0223] Solid tumors are abnormal masses of tissue that
usually do not contain cysts or liquid areas. Solid tumors can
be benign or malignant. Diflerent 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, include 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).

[0224] In one embodiment, the antigen bind moiety por-
tion of the CAR of the mmvention 1s designed to treat a
particular cancer. For example, the CAR designed to target
CD19 can be used to treat cancers and disorders including
but are not limited to pre-B ALL (pediatric indication), adult
ALL, mantle cell lymphoma, diffuse large B-cell lymphoma,
salvage post allogenic bone marrow transplantation, and the

like.
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[0225] In another embodiment, the CAR can be designed
to target CD22 to treat difluse large B-cell lymphoma.
[0226] In one embodiment, cancers and disorders include
but are not limited to pre-B ALL (pediatric indication), adult
ALL, mantle cell lymphoma, diffuse large B-cell lymphoma,
salvage post allogenic bone marrow transplantation, and the
like can be treated using a combination of CARs that target
CD19, CD20, CD22, and RORI.

[0227] In one embodiment, the CAR can be designed to
target mesothelin to treat mesothelioma, pancreatic cancer,
ovarian cancer, and the like. In another embodiment, the
CAR can be designed to target CD33/IL.3Ra to treat acute
myelogenous leukemia and the like. In a further embodi-
ment, the CAR can be designed to target c-Met to treat triple
negative breast cancer, non-small cell lung cancer, and the
like.

[0228] In one embodiment, the CAR can be designed to
target PSMA to treat prostate cancer and the like. In another
embodiment, the CAR can be designed to target Glycolipid
F77 to treat prostate cancer and the like. In a further
embodiment, the CAR can be designed to target EGFRVIII
to treat glioblastoma and the like.

[0229] In one embodiment, the CAR can be designed to
target GD-2 to treat neuroblastoma, melanoma, and the like.
In another embodiment, the CAR can be designed to target
NY-ESO-1 TCR to treat myeloma, sarcoma, melanoma, and
the like. In a further embodiment, the CAR can be designed
to target MAGE A3 TCR to treat myeloma, sarcoma, mela-
noma, and the like.

[0230] However, the invention should not be construed to
be limited to solely to the antigen targets and diseases
disclosed herein. Rather, the invention should be construed
to include any antigenic target that 1s associated with a
disease where a CAR can be used to treat the disease.
[0231] The CAR-modified T cells of the mvention may
also serve as a type of vaccine for ex vivo immunization
and/or 1n vivo therapy in a mammal. Preferably, the mammal
1s a human.

[0232] With respect to ex vivo immunization, at least one
of the following occurs in vitro prior to administering the
cell into a mammal: 1) expansion of the cells, 11) introducing
a nucleic acid encoding a CAR to the cells, and/or 111)
cryopreservation of the cells.

[0233] EXx vivo procedures are well known 1n the art and
are discussed more fully below. Bretly, cells are 1solated
from a mammal (preferably a human) and genetically modi-
fied (1.e., transduced or transiected in vitro) with a vector
expressing a CAR disclosed herein. The CAR-modified cell
can be administered to a mammalian recipient to provide a
therapeutic benefit. The mammalian recipient may be a
human and the CAR-modified cell can be autologous with
respect to the recipient. Alternatively, the cells can be
allogeneic, syngeneic or xenogeneic with respect to the
recipient.

[0234] The procedure for ex vivo expansion of hematopoi-
ctic stem and progenitor cells 1s described 1n U.S. Pat. No.
5,199,942, incorporated herein by reference, can be applied
to the cells of the present invention. Other suitable methods
are known 1n the art, therefore the present invention is not
limited to any particular method of ex vivo expansion of the
cells. Briefly, ex vivo culture and expansion of T cells
comprises: (1) collecting CD34+ hematopoietic stem and
progenitor cells from a mammal from peripheral blood
harvest or bone marrow explants; and (2) expanding such
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cells ex vivo. In addition to the cellular growth factors
described 1in U.S. Pat. No. 5,199,942, other factors such as
ft3-L, IL-1, IL-3 and c-kit ligand, can be used for culturing
and expansion of the cells.

[0235] Inaddition to using a cell-based vaccine in terms of
ex vivo immunization, the present invention also provides
compositions and methods for 1n vivo immunization to elicit
an 1mmune response directed against an antigen 1n a patient.

[0236] Generally, the cells activated and expanded as
described herein may be utilized in the treatment and
prevention of diseases that arise in individuals who are
immunocompromised. In particular, the CAR-modified T
cells of the invention are used 1n the treatment of cancer. In
certain embodiments, the cells of the mvention are used 1n
the treatment of patients at risk for developing cancer. Thus,
the present invention prowdes methods for the treatment or
preventlon ol cancer comprising admmlstermg to a subject

in need thereof, a therapeutically eflective amount of the
CAR-modified T cells of the invention.

[0237] The CAR-modified T cells of the present invention
may be administered either alone, or as a pharmaceutical
composition 1 combination with diluents and/or with other
components such as IL-2 or other cytokines or cell popula-
tions. Briefly, pharmaceutical compositions of the present
invention may comprise a target cell population as described
herein, 1n combination with one or more pharmaceutically or
physiologically acceptable carriers, diluents or excipients.
Such compositions may comprise bullers such as neutral
buflered saline, phosphate builered saline and the like;
carbohydrates such as glucose, mannose, sucrose or dex-
trans, mannitol; proteins; polypeptides or amino acids such
as glycine; antioxidants; chelating agents such as EDTA or
glutathione; adjuvants (e.g., aluminum hydroxide); and pre-
servatives. Compositions of the present mnvention are prei-
erably formulated for intravenous administration.

[0238] Pharmaceutical compositions of the present inven-
tion may be administered 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 of the patient’s disease, although appropriate dos-
ages may be determined by clinical trials.

[0239] When “an immunologically effective amount™, “an
anti-tumor effective amount™, “an tumor-inhibiting effectwe
amount”, or “therapeutic amount” 1s indicated, the precise
amount of the compositions of the present invention to be
administered can be determined by a physician with con-
sideration of individual differences in age, weight, tumor
size, extent of infection or metastasis, and condition of the
patient (subject). It can generally be stated that a pharma-
ceutical 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 immunotherapy (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 in the art of
medicine by monitoring the patient for signs of disease and
adjusting the treatment accordingly.

[0240] In certain embodiments, 1t may be desired to
administer activated T cells to a subject and then subse-
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quently redraw blood (or have an apheresis performed),
activate T cells therefrom according to the present invention,
and reinfuse the patient with these activated and expanded T
cells. This process can be carried out multiple times every
few weeks. In certain embodiments, T cells can be activated
from blood draws of from 10 cc to 400 cc. In certain

embodiments, T cells are activated from blood draws of 20
cc, 30 cc, 40 cc, 50 cc, 60 cc, 70 cc, 30 cc, 90 cc, or 100 cc.

Not to be bound by theory, using this multiple blood
draw/multiple reinfusion protocol may serve to select out
certain populations of T cells.

[0241] The admuinistration of the subject compositions
may be carried out in any convenient manner, including by
aerosol 1inhalation, injection, mgestion, transiusion, implan-
tation or transplantation. The compositions described herein
may be administered to a patient subcutaneously, intrader-
mally, intratumorally, intranodally, intramedullary, intra-
muscularly, by intravenous (1.v.) 1njection, or intraperitone-
ally. In one embodiment, the T cell compositions of the
present invention are administered to a patient by intrader-
mal or subcutaneous injection. In another embodiment, the
T cell compositions of the present invention are preferably
administered by 1.v. injection. The compositions of T cells

may be 1njected directly 1nto a tumor, lvmph node, or site of
infection.

[0242] In certain embodiments of the present invention,
cells activated and expanded using the methods described
herein, or other methods known 1n the art where T cells are
expanded to therapeutic levels, are administered to a patient
in conjunction with (e.g., before, simultaneously or follow-
ing) any number of relevant treatment modalities, including
but not limited to treatment with agents such as antiviral
therapy, cidofovir and interleukin-2, Cytarabine (also known
as ARA-C) or natalizumab treatment for MS patients or
clalizumab treatment for psoriasis patients or other treat-
ments for PML patients. In further embodiments, the T cells
of the invention may be used 1n combination with chemo-
therapy, radiation, immunosuppressive agents, such as
cyclosporin, azathioprine, methotrexate, mycophenolate,
and FK3506, 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 FK3506) or inhibit
the p7056 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 cell compositions of the present invention are
administered to a patient in conjunction with (e.g., belore,
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 CAM-
PATH. In another embodiment, the cell compositions of the
present mnvention are administered following 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 transplantation. In certain
embodiments, following the transplant, subjects receirve an
infusion of the expanded immune cells of the present
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invention. In an additional embodiment, expanded cells are
administered before or following surgery.

[0243] 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 in U.S. Pat.
No. 6,120,766).

EXPERIMENTAL EXAMPLES

[0244] The invention 1s further described in detail by
reference to the following experimental examples. These
examples are provided for purposes of 1llustration only, and
are not imtended 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 vanations which
become evident as a result of the teaching provided herein.
[0245] 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.

Example 1: Use of the CD2 Signaling Domain 1n
Second-Generation Chimeric Antigen Receptors

[0246] The incorporation of costimulatory domains into
chimeric antigen receptors can increases cytokine produc-
tion and target cell killing. CD2 1s a costimulatory molecule
that may influence calcium-mediated signaling. It 1s herein
examined whether inclusion of the CD2 intracellular domain
into CARs influences calcium influx/signaling and cytokine
production.

[0247] The materials and methods employed 1n these
experiments are now described.

[0248] CD2-Containing CARs

[0249] The CD2 costimulatory domain was cloned nto
vartous CD19 or mesothelin specific CARs. For example,
FIG. 1 displays the nucleotide sequence for the antiCD19-
CD2z CAR (SEQ ID NO: 1).

[0250] T Cells

[0251] Blood samples were obtained from the Human
Immunology Core of the University of Pennsylvania.
Peripheral blood CD4" and CD8" T cells were negatively
isolated using RosetteSep Kits (Stem cell Technologies).
Cells were cultured in RPMI 1640 media supplemented with
10% FCS, 100-U/ml penicillin, 100 pg/ml streptomycin
sultate, 10 mM Hepes ina 37° C. and 5% CO, incubator. For
stimulation, CD4" and CD8"T cells were cultured with a
combination of aCD2 (T11.1 and T11.2), aCD3 (OK'T3),
and/or aCD28 (9.3) antibody coated magnetic beads.

[0252] mRNA Electroporation

[0253] Human T cells were electroporated with mRNA to
express the CD28:CD3zeta domain, CD28:CD2:CD3zeta or
the CD2:CD3zeta domains. In addition, CARs were pre-
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pared to express only the CD2, CD28 or CD3zeta domains.
Donor T cells were electroporated with CAR mRNA by the
following methods. On day 10 of culture, the magnetic bead
activated T cells were collected and electroporated. Two
clectroporation systems were used: BITX CMS830 (Harvard
Apparatus BTX, Holliston, Mass., USA), and Maxcyte
(Maxcyte Inc, Rockville, Md., USA). For electroporation
using BTX EMS30, the stlmulated T cells subjected to
clectroporation were washed three times with OPTI-MEM
(Invitrogen) and resuspended in OPTI-MEM at the final
concentration of 1-3x108/ml. Subsequently, 0.1 to 0.2 ml of
the cells was mixed with 10 png/0.1 ml T cells of IVT RNA
(or as indicated) and electroporated 1n a 2-mm cuvette
(Harvard Apparatus BTX, Holliston, Mass., USA). For
clectroporation using Maxcyte, the instruction manual was
followed using OC-400 processing chamber (Maxcyte Inc,
Rockville, Md., USA) with integrated programs. Expression
of the CARs was verified by flow cytometry. Cells were
washed and suspended in FACs bufler (PBS plus 0.1%
sodium azide and 0.4% BSA). Biotin-labeled polyclonal
goat anti-mouse F(ab)2 antibodies (anti-Fab, Jackson Immu-
noresearch, West Grove, Pa.) were added to the tube and the
cells were incubated at 4° C. for 25 minutes and washed
twice. The cells were then stained with phycoerythrin-
labeled streptavidin (BD Pharmingen, San Diego, Calif.).
[0254] Cytokine Secretion

[0255] K362 target cells expressing mesothelin or CD19
were washed and suspended at 10° cells/mL in R10. One
hundred thousand of each target cell type were added to each
of 2 wells of a 96 well round bottom plate (Corning).
Effector CAR T cell cultures were washed and suspended at
10° cells/mL in R10. One hundred thousand effector T cells
were combined with target cells 1n the indicated wells of the
96 well plate. In addition, wells containing T cells alone
were prepared. The plates were incubated at 37° C. for 18 to
20 hours. After the incubation, supernatant was harvested
and subjected to an ELISA assay for IL-2 and IFN-gamma
using standard methods (Pierce, Rockiord, Ill.).

[0256] Specific Target Lysis

[0257] mRNA electroporated CAR T cells were co-cul-
tured with various cancer cell lines and analyzed by flow
cytometry for specific target lysis.

[0258] Measuring Calcium Influx

[0259] mRNA electroporated CAR T cells were loaded
with 1ndo-1 and stimulated with mesothelin-Fc fusion pro-
tein. Calcium intlux 1n cells was measured post stimulation
by observing the ratio of bound to free calcium.

[0260] The results of the experiments are now described.
Results
[0261] Normal human donor CD4 and CD8 T cells were

obtained and stimulated with a combination of aCD2 (T11.1
and T11.2), aCD3 (OKT3), and/or aCD28 (9.3) antibody
coated magnetic beads. After stimulation, cell proliferation
was assessed by observing the absolute cell number and
populatlon doubhngs while cell activation was assessed by
measuring cell size. Activation by CD2/CD3 signals sufli-
ciently induces cell activation and cell proliferation of both
CD4 and CD8 T cell populations (FIGS. 2A-2C).

[0262] Human T cells were electroporated with mRNA for
various CAR constructs, either containing or not containing
the CD2 signaling domain. The mRNA electroporated T
cells were co-cultured for 24 hours with target tumor cells
after which cytokine secretion was measured. 1L-2 and
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IFN-v secretion 1s increased in SS1-CD2z, similar to what 1s
observed 1n SS1-28z. However, IL-2 and IFN-vy secretion 1s
diminished 1n SS1-28CD2z. Similarly, anti-CD19-CD2z
produces similar IL-2 and IFN-y compared to anti-CD19-z
and ant1-CID19-28z, but 1L-2 and IFN-y secretion 1s dimin-
ished 1 anti-CD19-28CD2z CARs (FIG. 3). The observa-
tion that CD2 signaling domains allow CAR T cells to
proliferate while diminishing cytokine secretion may be
important 1n some therapeutic instances. For instance, in one
case a patient with leukemia treated with a CD19 CAR
contaiming a CD28 signaling domain succumbed due to high
levels of cytokines (Brentjens et al, 2010, Mol Ther, 8(4):
666-8). Similarly, a patient with colon cancer died shortly
alter being imjected with her2/neu CAR T cells that con-

tained a CD28 signaling domain (Morgan et al, 2010, Mol
Ther, 18(4):843-51).

[0263] To assess the tumor killing ability of CD2-contain-
ing CARs, mRNA electroporated T cells were co-cultured
with target tumor cells at varying eflector to target ratios.
After 4 hours of co-culture, ant1-CD19-CD2z CARs efli-
ciently eliminated K562-CD19 tumor cells, while SS1-
CD2z CARs ethiciently eliminated K362-meso tumor cells.
Further, after 18 hours of co-culture, SS1-CD2z displayed
cllective killing of K562-meso tumor cells (FI1G. 4).

[0264] To evaluated calcium signals, mRNA CAR elec-
troporated T cells were loaded with Indo-1AM calcium
indicator and stimulated with mesothelin-Fc fusion protein
(30 seconds after recording). The ratio of bound to free
calcium was recorded over time. Inclusion of the CD2
signaling domain squelches calcium flux, as can be seen by
the reduction 1n calcium 1nflux 1n SS1-28CD2z compared to
SS1-28z (without CD2) (FIG. 5). While not wishing to be
held to any particular theory, the observation that CD?2
signaling diminishes the calctum flux 1s likely causally
related to the diminished cytokine secretion. This may be
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important in some therapeutic instances. For instance, in one
case a patient with leukemia treated with a CD19 CAR

containing a CD28 signaling domain succumbed due to high
levels of cytokines (Brentjens et al, 2010, Mol Ther, 8(4):
666-8). Similarly, a patient with colon cancer died shortly
alter being injected with her2/neu CAR T cells that con-
tamned a CD28 signaling domain (Morgan et al, 2010, Mol
Ther, 18(4):843-51).

[0265] Theresults presented herein show that CD2z CARs
induce cytokine production on par with 28z CARs, demon-
strate a proliferation advantage over first generation CARs
(z-alone), and exhibit a calcium flux response intermediate
between what was observed for 28z and BBz (FIG. 6).
[0266] It 1s herein reported that use of the CD2 signaling
domain in second-generation CARs influences IL-2 and
IFN-v production of CAR-T cells and exhibits similar target
cell lysis. These results demonstrate that CD2 can be used 1n
second-generation CAR molecules to alter the cytokine
production of CAR-T cells 1n both negative and positive
directions and may have implications for sustainability and
ellectiveness of CAR-T cells 1n tumor microenvironments in
vivo by altering CAR T cell survival and activation induced
cell death thresholds. Given the high self-activation of the
SS-128z CAR, SS1-CD2z may be a more tolerable CAR for
in vivo mesothelin tumor attack and may decrease activation
induced cell death.

[0267] 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.

SEQ ID NO: 1 moltype = DNA length = 1691
FEATURE Location/Qualifiers
misc feature 1..1691

note = Chemically Synthesized
source 1..1691

mol type = other DNA

organism = synthetic construct
SEQUENCE: 1
atggccttac cagtgaccgce cttgcectceccetg ccgetggect tgcectgetcecca cgceccecgcecagg 60
ccggacatcece agatgacaca gactacatcece tecctgtetg cctetetggg agacagagtce 120
accatcagtt gcagggcaag tcaggacatt agtaaatatt taaattggta tcagcagaaa 180
ccagatggaa ctgttaaact cctgatctac catacatcaa gattacactc aggagtccca 240
tcaaggttca gtggcagtgg gtctggaaca gattattctce tcaccattag caacctggag 300
caagaagata ttgccactta cttttgccaa cagggtaata cgcttceccgta cacgttcecgga 360
ggggggacca agctggagat cacaggtggc ggtggctcgg geggtggtgg gtcecgggtgge 420
ggcggatctg aggtgaaact gcaggagtca ggacctggcec tggtggcgcece ctcacagage 480
ctgtcecgteca catgcactgt ctcaggggtce tcattacccecg actatggtgt aagcectggatt 540
cgccagccte cacgaaaggg tcectggagtgg ctgggagtaa tatggggtag tgaaaccaca 600
tactataatt cagctctcaa atccagactg accatcatca aggacaactc caagagccaa 660
gttttcttaa aaatgaacag tcectgcaaact gatgacacag ccatttacta ctgtgccaaa 720
cattattact acggtggtag ctatgctatg gactactggg gccaaggaac ctcagtcacc 780
gtctcectcac cacgacgceca gegcecgoegac caccaacacce ggcgceccacce atcegcecgtege 840
ggcccectgte cctgcecgcecca gaggcecgtgece ggceccagceggce ggggggcecgca gtgcacacga 900
gggggctgga cttcecgcectgt gatatctaca tcectgggcecgec cttggecggyg acttgtgggg 960
tccttectect gtcactggtt atcacceccecttt actgcaccaa aaggaaaaaa cagaggagtce 1020
ggagaaatga tgaggagctyg gagacaagag cccacagagt agctactgaa gaaaggggcece 1080
ggaagcccca ccaaattcca gettcaacce ctcagaatcce agcaacttcec caacatceccte 1140
ctccaccacce tggtcatcgt tcecccaggcac ctagtcatcg tceccecceccecgect cctggacace 1200
gtgttcagca ccagcctcag aagaggcctce ctgctceccecgtce gggcacacaa gttcaccage 1260
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-continued
agaaaggccce gceccccteccee agacctcecgag ttcagccaaa acctcecceccat ggggcagcecag 1320
aaaactcatt gtccccttece tcectaatatcecg atagagtgaa gttcagcagg agcecgcagacg 1380
ccececegegta ccagcagggce cagaaccagce tcectataacga gcetcaatcta ggacgaagag 1440
aggagtacga tgttttggac aagagacgtg gccgggaccce tgagatgggg ggaaagceccga 1500
gaaggaagaa ccctcaggaa ggcctgtaca atgaactgca gaaagataag atggcecggagg 1560
cctacagtga gattgggatg aaaggcgagce Jdcecgdagggg caaggggcac gatggceccttt 1620
accagggtct cagtacagcc accaaggaca cctacgacgce ccttcacatg caggceccctge 1680
cccctegcecta a 1691

1-5. (canceled)

6. An 1solated chimeric antigen receptor (CAR) compris-
ing an antigen binding domain, a transmembrane domain, a
costimulatory signaling region, and a CD3 zeta signaling
domain, wherein:

(a) the antigen binding domain targets a tumor antigen
selected from the group consisting of CD19, CD20,
CD22, RORI1, mesothelin, CD33, ILL3Ra, c-Met,
PSMA, Glycolipid F77, EGFRvIII, GD-2, NY-ESO-1
TCR, MAGE A3 TCR, and MUC1 (CA15-3), and any
combination thereof; and

(b) the costimulatory signaling region comprises a CD2
signaling domain.

7. The 1solated CAR of claim 6, wherein the antigen
binding domain 1s an antibody or an antigen-binding frag-
ment thereol.

8. (canceled)

9. The 1solated CAR of claim 6, wherein the costimulatory
signaling region turther comprises the intracellular domain
of a costimulatory molecule selected from the group con-
sisting of CD27, CD28, 4-1BB, 0X40, CD30, CD40, PD-1,
ICOS, lymphocyte function-associated antigen-1 (LFA-1),
CD7, LIGHT, NKG2C, B7-H3, a ligand that specifically
binds with CDRg83, and any combination thereof.

10-28. (canceled)

29. A method of generating a persisting population of
genetically engineered T cells 1n a human diagnosed with
cancer, the method comprising administering to the human
a T cell genetically engineered to express the 1solated CAR
of claim 6, wherein the persisting population of genetically
engineered T cells persists 1n the human for at least one
month after administration.

30. The method of claim 29, wherein the persisting
population of genetically engineered T cells comprises at
least one cell selected from the group consisting of a T cell
that was administered to the human, a progeny of a T cell
that was administered to the human, and a combination
thereof.

31. The method of claim 29, wherein the persisting
population of genetically engineered T cells comprises a
memory T cell.

32. The method of claim 29, wherein the persisting
population of genetically engineered T cells persists 1n the
human for at least three months after administration.

33. The method of claim 29, wherein the persisting
population of genetically engineered T cells persists 1n the
human for at least four months, five months, six months,
seven months, eight months, nine months, ten months,
cleven months, twelve months, two years, or three vears
alter administration.

34. The method of claim 29, wherein the cancer 1s treated.

35. A method of expanding a population of genetically
engineered T cells in a human diagnosed with cancer, the

method comprising administering to the human a T cell
genetically engineered to express the 1solated CAR of claim
6, wherein the administered genetically engineered T cell
produces a population of progeny T cells in the human.

36. The method of claim 35, wherein the progeny T cells
in the human comprise a memory T cell.

37. The method of claim 35, wherein the T cell 1s an
autologous T cell.

38. The method of claim 35, wherein the population of
progeny T cells persists in the human for at least three
months after administration.

39. The method of claim 35, wherein the population of
progeny T cells persist 1n the human for at least four months,
five months, s1x months, seven months, eight months, nine
months, ten months, eleven months, twelve months, two
years, or three years alter administration.

40. A method of modulating the amount of cytokine
secreted by a T cell, said method comprising genetically
engineering the T cell to express a CAR, wherein the CAR
comprises an antigen binding domain, a transmembrane
domain, a costimulatory domain region comprising a CD2
signaling domain, and a CD3 zeta signaling domain.

41. The method of claim 40, wherein modulating the
amount of cytokine secreted by a T cell reduces the prolii-
eration of T regulatory cells.

42. A method of reducing the amount of activation-
induced calcium influx mto a T cell, said method comprising
genetically engineering the T cell to express a CAR, wherein
the CAR comprises an antigen binding domain, a transmem-
brane domain, a costimulatory domain region comprising a
CD2 signaling domain, and a CD3 zeta signaling domain.

43. The method of claim 42, wherein reducing the amount
ol activation-induced calcium influx mto a T cell prevents
the activation-induced cell death of the T cell.

44. The method of claim 40, wherein the CD2 signaling
domain 1s encoded by a nucleic acid sequence comprising

nucleotides 996-1346 of SEQ ID NO: 1

45. The method of claim 40, wherein the antigen binding,
domain targets a tumor antigen selected from the group
consisting of CD19, CD20, CD22, RORI1, mesothelin,
CD33, IL3Ra, c-Met, PSMA, Glycolipid F77, EGFRvIII,
GD-2, NY-ESO-1 TCR, MAGE A3 TCR, and MUCI
(CA15-3), and any combination thereof.

46. The method of claim 40, wherein the nucleic acid
encoding the CAR comprises the nucleic acid sequence of
SEQ ID NO: 1.

4'7. The method of claim 40, wherein the CD2 signaling
domain increases cytokine production.

48. The method of claim 40, wherein the CD2 signaling
domain reduces cytokine production.

49. The method of claim 40, wherein the costimulatory
signaling region further comprises the itracellular domain
of a costimulatory molecule selected from the group con-
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sisting of CD27, CD28, 4-1BB, 0X40, CD30, CD40, PD-1,
ICOS, lymphocyte function-associated antigen-1 (LFA-1),
CD7, LIGHT, NKG2C, B7-H3, a ligand that specifically
binds with CDRg83, and any combination thereof.

50. The method of claim 40, wherein the costimulatory
signaling region further comprises the costimulatory domain

of CD28.

51. The method of claim 18, wherein a modified T cell
expressing a CAR comprising the CD2 and the CD28
costimulatory domains releases significantly less IL-2 com-
pared to a modified T cell expressing a CAR only compris-
ing the CD28 costimulatory domain.

52. The method of claim 42, wherein the costimulatory
signaling region further comprises the intracellular domain
of a costimulatory molecule selected from the group con-
sisting of CD27, CD28, 4-1BB, 0X40, CD30, CD40, PD-1,
ICOS, lymphocyte function-associated antigen-1 (LFA-1),
CD7, LIGHT, NKG2C, B7-H3, a ligand that specifically
binds with CDR83, and any combination thereof.

53. The 1solated CAR of claim 6, wherein the CD2
signaling domain 1s encoded by a nucleic acid sequence

comprising nucleotides 996-1346 of SEQ ID NO: 1.
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