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TREATMENT OF CANCER USING HUMANIZED ANTI-EGFRvIII
CHIMERIC ANTIGEN RECEPTOR

This application claims priority to U.S. Serial No.: 61/888,255 filed October §, 2013
and U.S. Serial No.: 61/767,071, filed February 20, 2013, the entire contents of each of these

applications is incorporated herein by reference.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT
This invention was made with government support under 2R01 NS055140 and 1P01
CA1322714 awarded by the National Institute of Health (NIH). The government has certain

rights in the invention.

SEQUENCE LISTING
The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on February 20, 2014, is named N2067-7000WO_SL.txt and is 228,605

bytes in size.

FIELD OF THE INVENTION

[001] The present invention relates generally to the use of T cells engineered to express a
Chimeric Antigen Receptor (CAR) to treat a disease associated with expression of Epidermal

Growth Factor Receptor II1.

BACKGROUND OF THE INVENTION

[002] Although the central nervous system (CNS) is often considered to be
immunologically privileged (Okada et al., 2009, Crit Rev Immunol 29:1-42), recent vaccine
studies in patients with malignant glioma demonstrated positive results (Aguilar et al., 2012,
Curr Treat Options Oncol 13:437-450; Ruzevick, et al., 2012, Neurosurg Clin N Am 23:459-
470;15; and Okada et al., 2011, J Clin Oncol 29:330-336). However, vaccine efficacy, which

relies on intact host-immune activity, can suffer from systemic suppression of immunity due to
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tumor expression of immunosuppressive cytokines as well as chemo- and radiotherapy. On the
other hand, adoptive cell transfer (ACT) therapy with autologous T-cells, especially with T-
cells transduced with Chimeric Antigen Receptors (CARs), has shown promise in pilot
hematologic cancer trials (Kalos ef al.,2011, Sci Transl Med 3(95):95ra73; and Porter et al.,
2011, New England Journal of Medicine 365:725-733).

[003] Enhanced expression of epidermal growth factor receptor (EGFR) is frequently
detected in a variety of carcinomas, including breast, lung, head and neck, as well as
glioblastoma. Spontaneous rearrangements within the EGF receptor gene were first identified
in primary human glioblastoma tumors, and in nearly all cases the alterations have been
reported in tumors with EGFR amplification. Three different types of mutants result from these
rearrangements. The most common of these is the Type III EGF deletion-mutant receptor
(EGFRvVIID), which is characterized by the deletion of exons 2-7 in the EGFR mRNA. These
deletions correspond to cDNA nucleotides 275-1075, which encode amino acids 6-276,
presumably through alternative splicing or rearrangements. Deletion of 801 bp within the
extracellular domain of the EGFR gene causes an in-frame truncation of the normal EGFR
protein, resulting in a 145-kDa receptor, thereby creating a tumor specific and immunogenic
epitope (reviewed in Hatanpaa et al., 2010, Neoplasia 12:675- 684; Mukasa et al., 2010, Proc
Natl Acad Sci USA 107:2616-2621). EGFRvVIII expression has been seen in many tumor types,
including glioblastoma multiforme (GBM), but is rarely observed in normal tissue. EGFRVIII is
expressed in 24% to 67% of GBM cases, and in patients surviving >1 year, the expression of
EGFRVIII is an independent negative prognostic indicator (Heimberger et al., 2005,
Clin.Cancer Res. 11:1462-1466; Heimberger et al.,2005, J Transl. Med 3:38).

SUMMARY OF THE INVENTION

[004] The invention provides, among other things, compositions and methods for
controlling an immune response in patients by providing optimized and/or humanized
antibodies or antibody fragments (e.g., scFv) that bind Epidermal Growth Factor Receptor 111
(EGFRvII) integrated into a Chimeric Antigen Receptor (CAR) construct. In some
embodiments, the invention pertains to the use of T cells engineered to express an antibody or

antibody fragment that bind EGFRVIII, e.g., a humanized antibody or antibody fragment that
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binds EGFRvVIII, integrated into a CAR to treat a cancer associated with expression of
EGFRVIII. In some aspects, the invention pertains to adoptive cell transfer that may be
particularly suitable for patients with glioma because the specificity, number, and functional
phenotype of cells prepared ex vivo can be manipulated and controlled far better than native T-

cells induced by in vivo immunization.

[005] Accordingly, in one aspect, the invention pertains to an isolated nucleic acid
molecule encoding a chimeric antigen receptor (CAR), wherein the CAR comprises an
antibody or antibody fragment which includes an anti-EGFRVIII binding domain (e.g., a
humanized antibody or antibody fragment that specifically binds to EGFRVIII), a
transmembrane domain, and an intracellular signaling domain (e.g., an intracellular signaling
domain comprising a costimulatory domain and/or a primary signaling domain). In one
embodiment, the CAR comprises an antibody or antibody fragment which includes an anti-
EGFRVIII binding domain described herein (e.g., a humanized antibody or antibody fragment
that specifically binds to EGFRVIII as described herein), a transmembrane domain described
herein, and an intracellular signaling domain described herein (e.g., an intracellular signaling

domain comprising a costimulatory domain and/or a primary signaling domain).

[006] In one embodiment, the encoded anti-EGFRVIII binding domain comprises one or
more (e.g., all three) light chain complementary determining region 1 (LC CDR1), light chain
complementary determining region 2 (LC CDR2), and light chain complementary determining
region 3 (LC CDR3) of an anti-EGFRVIII binding domain described herein, and one or more
(e.g., all three) heavy chain complementary determining region 1 (HC CDR1), heavy chain
complementary determining region 2 (HC CDR2), and heavy chain complementary
determining region 3 (HC CDR3) of an anti-EGFRVIII binding domain described herein, e.g., a
humanized anti-EGFRVIII binding domain comprising one or more, €.g., all three, LC CDRs
and one or more, e.g., all three, HC CDRs. In one embodiment, the encoded anti-EGFRvIII
binding domain comprises a light chain variable region described herein (e.g., in Table 2 or
SEQ ID NO:11) and/or a heavy chain variable region described herein (e.g., in Table 2 or SEQ
ID NO:11). In one embodiment, the encoded anti-EGFRvVIII binding domain is a scFv
comprising a light chain and a heavy chain of an amino acid sequence of Table 2 or SEQ ID
NO:11. In an embodiment, the anti-EGFRVIII binding domain (e.g., an scFv) comprises: a

light chain variable region comprising an amino acid sequence having at least one, two or three
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modifications (e.g., substitutions) but not more than 30, 20 or 10 modifications (e.g.,
substitutions) of an amino acid sequence of a light chain variable region provided in Table 2 or
SEQ ID NO:11, or a sequence with 95-99% identity with an amino acid sequence of Table 2 or
SEQ ID NO:11; and/or a heavy chain variable region comprising an amino acid sequence
having at least one, two or three modifications (e.g., substitutions) but not more than 30, 20 or
10 modifications (e.g., substitutions) of an amino acid sequence of a heavy chain variable
region provided in Table 2 or SEQ ID NO:11, or a sequence with 95-99% identity to an amino
acid sequence of Table 2 or SEQ ID NO:11. In one embodiment, the anti-EGFRVIII binding
domain comprises a sequence selected from a group consisting of SEQ ID NO:38, SEQ ID
NO:44, SEQ ID NO:50, SEQ ID NO:56, SEQ ID NO:62, SEQ ID NO:68, SEQ ID NO:74,
SEQ ID NO:80, and SEQ ID NO:86, or a sequence with 95-99% identify thereof. In one
embodiment, the nucleic acid sequence encoding the anti-EGFRVIII binding domain comprises
a sequence of SEQ ID NO:68. In one embodiment, the nucleic acid sequence encoding the
anti-EGFRVIII binding domain comprises a sequence selected from a group consisting of SEQ
ID NO:39, SEQ ID NO:45, SEQ ID NO:51, SEQ ID NO:57, SEQ ID NO:63, SEQ ID NO:69,
SEQ ID NO:75, SEQ ID NO:81, and SEQ ID NO:98, or a sequence with 95-99% identify
thereof. In one embodiment, the encoded anti-EGFRVIII binding domain is a scFv, and a light
chain variable region comprising an amino acid sequence described herein, e.g., in Table 2 or
SEQ ID NO:11, is attached to a heavy chain variable region comprising an amino acid
sequence described herein, e.g., in Table 2 or SEQ ID NO:11, via a linker, e.g., a linker
described herein. In one embodiment, the encoded anti-EGFRVIII binding domain includes a
(Glys-Ser)n linker, wherein nis 1, 2, 3, 4, 5, or 6, preferably 4 (SEQ ID NO: 110). The light
chain variable region and heavy chain variable region of a scFv can be, €.g., in any of the
following orientations: light chain variable region-linker-heavy chain variable region or heavy

chain variable region-linker-light chain variable region.

[007] In one embodiment, the encoded CAR includes a transmembrane domain that
comprises a transmembrane domain of a protein selected from the group consisting of the
alpha, beta or zeta chain of the T-cell receptor, CD28, CD3 epsilon, CD45, CD4, CDS5, CDS,
CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86, CD134, CD137 and CD154. In one
embodiment, the encoded transmembrane domain comprises a sequence of SEQ ID NO: 15. In

one embodiment, the encoded transmembrane domain comprises an amino acid sequence
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having at least one, two or three modifications (e.g., substitutions) but not more than 20, 10 or 5
modifications (e.g., substitutions) of an amino acid sequence of SEQ ID NO:15, or a sequence
with 95-99% identity to an amino acid sequence of SEQ ID NO:15. In one embodiment, the
nucleic acid sequence encoding the transmembrane domain comprises a sequence of SEQ ID

NO:8, or a sequence with 95-99% identify thereof.

[008] In one embodiment, the encoded anti-EGFRvVIII binding domain is connected to the
transmembrane domain by a hinge region, e.g., a hinge region described herein. In one
embodiment, the encoded hinge region comprises SEQ ID NO:14 or SEQ ID NO:104 or SEQ
ID NO:106 or SEQ ID NO:108, or a sequence with 95-99% identity thereof. In one
embodiment, the nucleic acid sequence encoding the hinge region comprises a sequence of
SEQ ID NO:7, or SEQ ID NO:105 or SEQ ID NO:107 or SEQ ID NO:109 or a sequence with
95-99% identitfy thereof.

[009] In one embodiment, the isolated nucleic acid molecule further comprises a sequence
encoding a costimulatory domain, e.g., a costimulatory domain described herein. In one
embodiment, the encoded costimulatory domain comprises a functional signaling domain of a
protein selected from the group consisting of 0X40, CD2, CD27, CD28, CDS, ICAM-1, LFA-
1 (CD11a/CD18), ICOS (CD278), and 4-1BB (CD137). In one embodiment, the encoded
costimulatory domain comprises a sequence of SEQ ID NO:16. In one embodiment, the
encoded costimulatory domain comprises a sequence of SEQ ID NO:102. In one embodiment,
the encoded costimulatory domain comprises an amino acid sequence having at least one, two
or three modifications (e.g., substitutions) but not more than 20, 10 or 5 modifications (e.g.,
substitutions) of an amino acid sequence of SEQ ID NO:16 or SEQ ID NO:102, or a sequence
with 95-99% identity to an amino acid sequence of SEQ ID NO:16 or SEQ ID NO:102. In one
embodiment, the nucleic acid sequence encoding the costimulatory domain comprises a

sequence of SEQ ID NO:9, or a sequence with 95-99% identify thereof.

[0010] In one embodiment, the isolated nucleic acid molecule further comprises a sequence
encoding an intracellular signaling domain, e.g., an intracellular signaling domain described
herein. In one embodiment, the encoded intracellular signaling domain comprises a functional
signaling domain of 4-1BB and/or a functional signaling domain of CD3 zeta. In one

embodiment, the encoded intracellular signaling domain comprises a functional signaling
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domain of CD27 and/or a functional signaling domain of CD3 zeta. In one embodiment, the
encoded intracellular signaling domain comprises the sequence of SEQ ID NO: 16 or SEQ ID
NO: 102 and/or the sequence of SEQ ID NO: 17 or SEQ ID NO:99. In one embodiment, the
intracellular signaling domain comprises an amino acid sequence having at least one, two or
three modifications (e.g., substitutions) but not more than 20, 10 or 5 modifications (e.g.,
substitutions) of an amino acid sequence of SEQ ID NO:16 and/or an amino acid sequence of
SEQ ID NO:17 or SEQ ID NO:99, or a sequence with 95-99% identity to an amino acid
sequence of SEQ ID NO:16 or SEQ ID NO:102 and/or an amino acid sequence of SEQ ID
NO:17 or SEQ ID NO:99. In one embodiment, the encoded intracellular signaling domain
comprises the sequence of SEQ ID NO: 16 or SEQ ID NO:102 and the sequence of SEQ ID
NO: 17 or SEQ ID NO:99, wherein the sequences comprising the intracellular signaling
domain are expressed in the same frame and as a single polypeptide chain. In one embodiment,
the nucleic acid sequence encoding the intracellular signaling domain comprises a sequence of
SEQ ID NO:9 or SEQ ID NO:103, or a sequence with 95-99% identify thereof, and/or a
sequence of SEQ ID NO:10 or SEQ ID NO:100, or a sequence with 95-99% identity thereof.

[0011] In another aspect, the invention pertains to an isolated nucleic acid molecule
encoding a CAR construct comprising a leader sequence, €.g., a leader sequence described
herein, e.g., of SEQ ID NO: 13, an anti-EGFRVIII binding domain described herein, e.g., an
anti-EGFRVIII binding domain comprising a LC CDR1, a LC CDR2, a LC CDR3, a HC
CDRI1, a HC CDR2 and a HC CDR3 described herein, e.g., an anti-EGFRVIII binding domain
described in Table 2 or SEQ ID NO:11, or a sequence with 95-99% identify thereof, a hinge
region described herein, e.g., of SEQ ID NO:14 or SEQ ID NO:104 or SEQ ID NO:106 or SEQ
ID NO:108, a transmembrane domain described herein, e.g., having a sequence of SEQ ID NO:
15, and an intracellular signaling domain, e.g., an intracellular signaling domain described
herein. In one embodiment, the encoded intracellular signaling domain comprises a
costimulatory domain, e.g., a costimulatory domain described herein, e.g., a 4-1BB
costimulatory domain having a sequence of SEQ ID NO:16, and/or a primary signaling
domain, e.g., a primary signaling domain described herein, e.g., a CD3 zeta stimulatory domain
having a sequence of SEQ ID NO:17 or SEQ ID NO:99. In one embodiment, the encoded
intracellular signaling domain comprises a costimulatory domain, e.g., a costimulatory domain

described herein, e.g., a CD27 costimulatory domain having a sequence of SEQ ID NO:102,
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and/or a primary signaling domain, e.g., a primary signaling domain described herein, e.g., a
CD3 zeta stimulatory domain having a sequence of SEQ ID NO:17 or SEQ ID NO:99. In one
embodiment, the encoded intracellular signaling domain comprises a costimulatory domain,
e.g., a costimulatory domain described herein, e.g., a 4-1BB costimulatory domain having a
sequence of SEQ ID NO:16, and a primary signaling domain, e.g., a primary signaling domain
described herein, e.g., a CD3 zeta stimulatory domain having a sequence of SEQ ID NO:17 or
SEQ ID NO:99. In one embodiment, the encoded intracellular signaling domain comprises a
costimulatory domain, e.g., a costimulatory domain described herein, e.g., a CD27
costimulatory domain having a sequence of SEQ ID NO:102, and a primary signaling domain,
e.g., a primary signaling domain described herein, e.g., a CD3 zeta stimulatory domain having
a sequence of SEQ ID NO:17 or SEQ ID NO:99. In one embodiment, the isolated nucleic acid
molecule encoding the CAR construct includes a leader sequence encoded by the nucleic acid
sequence of SEQ ID NO:6, or a sequence with 95-99% identity thereto. In one embodiment,
the isolated nucleic acid molecule encoding the CAR construct includes an anti-EGFR binding
domain sequence encoded by the nucleic acid sequence of SEQ ID NO:39, SEQ IDNO:45,
SEQ ID NO:51, SEQ ID NO:57, SEQ ID NO:63, SEQ ID NO:69, SEQ ID NO:75, SEQ ID
NO:81, or SEQ ID NO:98, or a sequence with 95-99% identity thereto. In one embodiment,
the isolated nucleic acid molecule encoding the CAR construct includes an anti-EGFR binding
domain sequence encoded by the nucleic acid sequence of SEQ ID NO:69, or a sequence with
95-99% identity thereto. In one embodiment, the isolated nucleic acid molecule encoding the
CAR construct includes an anti-EGFR binding domain sequence encoded by the nucleic acid
sequence of SEQ ID NO:4, or a sequence with 95-99% identity thereto. In one embodiment, the
isolated nucleic acid molecule encoding the CAR construct includes a transmembrane sequence
encoded by the nucleic acid sequence of SEQ ID NO:8, or a sequence with 95-99% identity
thereto. In one embodiment, the isolated nucleic acid molecule encoding the CAR construct
includes an intracellular signaling domain sequence encoded by the nucleic acid sequence of
SEQ ID NO:9, or a sequence with 95-99% identity thereto and/or a nucleic acid sequence of
SEQ ID NO:10, or a sequence with 95-99% identity thereto.

[0012] In one embodiment, the isolated nucleic acid molecule comprises (e.g., consists of)
a nucleic acid encoding a CAR amino acid sequence of SEQ ID NO:43, SEQ ID NO:49, SEQ
ID NO:55, SEQ ID NO:61, SEQ ID NO:67, SEQ ID NO:73, SEQ ID NO:79, SEQ ID NO:85,
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or SEQ ID NO:90, or an amino acid sequence having at least one, two, three, four, five, 10, 15,
20 or 30 modifications (e.g., substitutions) but not more than 60, 50 or 40 modifications (e.g.,
substitutions) of an amino acid sequence of SEQ ID NO:43, SEQ ID NO:49, SEQ ID NO:55,
SEQ ID NO:61, SEQ ID NO:67, SEQ ID NO:73, SEQ ID NO:79, SEQ ID NO:85, or SEQ ID
NO:90, or an amino acid sequence having 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to
an amino acid sequence of SEQ ID NO:43, SEQ ID NO:49, SEQ ID NO:55, SEQ ID NO:61,
SEQ ID NO:67, SEQ ID NO:73, SEQ ID NO:79, SEQ ID NO:85, or SEQ ID NO:90. In one
embodiment, the isolated nucleic acid molecule comprises (e.g., consists of) a nucleic acid
encoding a CAR amino acid sequence of SEQ ID NO:1, or SEQ ID NO:2, or an amino acid
sequence having at least one, two, three, four, five, 10, 15, 20 or 30 modifications (e.g.,
substitutions) but not more than 60, 50 or 40 modifications (e.g., substitutions) of an amino
acid sequence of SEQ ID NO:1, or SEQ ID NO:2, or an amino acid sequence having 85%,
90%, 95%, 96%, 97%, 98% or 99% identity to an amino acid sequence of SEQ ID NO:1 or
SEQ ID NO:2.

[0013] In one embodiment, the isolated nucleic acid molecule comprises (e.g., consists of)
a nucleic acid sequence of SEQ ID NO:42, SEQ ID NO:48, SEQ ID NO:54, SEQ ID NO:60,
SEQ ID NO:66, SEQ ID NO:72, SEQ ID NO:78, SEQ ID NO:84, or SEQ ID NO:89 or a
nucleic acid sequence having 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to a nucleic
acid sequence of SEQ ID NO:42, SEQ ID NO:48, SEQ ID NO:54, SEQ ID NO:60, SEQ ID
NO:66, SEQ ID NO:72, SEQ ID NO:78, SEQ ID NO:84, or SEQ ID NO:89. In one
embodiment, the isolated nucleic acid molecule comprises (e.g., consists of) a nucleic acid
sequence of SEQ ID NO:18, or SEQ ID NO:19, or a nucleic acid sequence having 85%, 90%,
95%, 96%, 97%, 98% or 99% identity to a nucleic acid sequence of SEQ ID NO:18 or SEQ ID
NO:19.

[0014] In one aspect, the invention pertains to an isolated nucleic acid molecule encoding
an anti-EGFRVIII binding domain, wherein the anti-EGFRvIII binding domain comprises one
or more (e.g., all three) light chain complementary determining region 1 (LC CDR1), light
chain complementary determining region 2 (LC CDR2), and light chain complementary
determining region 3 (LC CDR3) of an anti-EGFRvIII binding domain described herein, and
one or more (e.g., all three) heavy chain complementary determining region 1 (HC CDR1),

heavy chain complementary determining region 2 (HC CDR2), and heavy chain
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complementary determining region 3 (HC CDR3) of an anti-EGFRvIII binding domain
described herein, e.g., a humanized anti-EGFRVIII binding domain comprising one or more,
e.g., all three, LC CDRs and one or more, e.g., all three, HC CDRs. In one embodiment, the
encoded anti-EGFRVIII binding domain comprises a light chain variable region described
herein (e.g., in SEQ ID NO:38, 44, 50, 56, 62, 68, 74 or 80) and/or a heavy chain variable
region described herein (e.g., in SEQ ID NO:38, 44, 50, 56, 62, 68, 74 or 80). In one
embodiment, the encoded anti-EGFRVIII binding domain is a scFv comprising a light chain and
a heavy chain of an amino acid sequence of in SEQ ID NO:38, 44, 50, 56, 62, 68, 74 or §0. In
an embodiment, the anti-EGFRVIII binding domain (e.g., an scFv) comprises: a light chain
variable region comprising an amino acid sequence having at least one, two or three
modifications (e.g., substitutions) but not more than 30, 20 or 10 modifications (e.g.,
substitutions) of an amino acid sequence of a light chain variable region provided in SEQ ID
NO:38, 44, 50, 56, 62, 68, 74 or 80, or a sequence with 95-99% identity with an amino acid
sequence of SEQ ID NO:38, 44, 50, 56, 62, 68, 74 or 80; and/or a heavy chain variable region
comprising an amino acid sequence having at least one, two or three modifications (e.g.,
substitutions) but not more than 30, 20 or 10 modifications (e.g., substitutions) of an amino
acid sequence of a heavy chain variable region provided in SEQ ID NO:38, 44, 50, 56, 62, 68,
74 or 80, or a sequence with 95-99% identity to an amino acid sequence in SEQ ID NO:38, 44,
50, 56, 62, 68, 74 or 80. In one embodiment, the anti-EGFRVIII binding domain comprises a
sequence selected from a group consisting of SEQ ID NO:38, SEQ ID NO:44, SEQ ID NO:50,
SEQ ID NO:56, SEQ ID NO:62, SEQ ID NO:68, SEQ ID NO:74, SEQ ID NO:80, and SEQ ID
NO:86, or a sequence with 95-99% identify thereof. In one embodiment, the nucleic acid
sequence encoding the anti-EGFRvVIII binding domain comprises a sequence selected from a
group consisting of SEQ ID NO:39, SEQ ID NO:45, SEQ ID NO:51, SEQ ID NO:57, SEQ ID
NO:63, SEQ ID NO:69, SEQ ID NO:75, SEQ ID NO:81, and SEQ ID NO:98, or a sequence
with 95-99% identify thereof. In one embodiment, the encoded anti-EGFRvVIII binding domain
is a scFv, and a light chain variable region comprising an amino acid sequence described
herein, e.g., in Table 2, is attached to a heavy chain variable region comprising an amino acid
sequence described herein, e.g., in Table 2, via a linker, e.g., a linker described herein. In one
embodiment, the encoded anti-EGFRVIII binding domain includes a (Glys-Ser)n linker,
wherein nis 1, 2, 3, 4, 5, or 6, preferably 4 (SEQ ID NO: 110). The light chain variable region
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and heavy chain variable region of a scFv can be, e.g., in any of the following orientations:
light chain variable region-linker-heavy chain variable region or heavy chain variable region-

linker-light chain variable region.

[0015] In another aspect, the invention pertains to an isolated polypeptide molecule
encoded by the nucleic acid molecule. In one embodiment, the isolated polypeptide molecule
comprises a sequence selected from the group consisting of SEQ ID NO:43, SEQ ID NO:49,
SEQ ID NO:55, SEQ ID NO:61, SEQ ID NO:67, SEQ ID NO:73, SEQ ID NO:79, SEQ ID
NO:85 and SEQ ID NO:90, or a sequence with 95-99% identify thereof. In one embodiment,
the isolated polypeptide comprises a sequence of SEQ ID NO:73, or a sequence with 95-99%
identify thereof. In one embodiment, the isolated polypeptide comprises a sequence of SEQ ID

NO:79, or a sequence with 95-99% identify thereof.

[0016] In another aspect, the invention pertains to an isolated chimeric antigen receptor
(CAR) molecule comprising an anti-EGFRVIII binding domain (e.g., a humanized antibody or
antibody fragment that specifically binds to EGFRvIII), a transmembrane domain, and an
intracellular signaling domain (e.g., an intracellular signaling domain comprising a
costimulatory domain and/or a primary signaling domain). In one embodiment, the CAR
comprises an antibody or antibody fragment which includes an anti-EGFRVIII binding domain
described herein (e.g., a humanized antibody or antibody fragment that specifically binds to
EGFRVIII as described herein), a transmembrane domain described herein, and an intracellular
signaling domain described herein (e.g., an intracellular signaling domain comprising a

costimulatory domain and/or a primary signaling domain described herein).

[0017] In one embodiment, the anti-EGFRVIII binding domain comprises one or more (e.g.,
all three) light chain complementary determining region 1 (LC CDR1), light chain
complementary determining region 2 (LC CDR2), and light chain complementary determining
region 3 (LC CDR3) of an anti-EGFRVIII binding domain described herein, and one or more
(e.g., all three) heavy chain complementary determining region 1 (HC CDR1), heavy chain
complementary determining region 2 (HC CDR2), and heavy chain complementary
determining region 3 (HC CDR3) of an anti-EGFRVIII binding domain described herein, e.g., a
humanized anti-EGFRVIII binding domain comprising one or more, €.g., all three, LC CDRs

and one or more, e.g., all three, HC CDRs. In one embodiment, the anti-EGFRvVIII binding

10
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domain comprises a light chain variable region described herein (e.g., in Table 2 or SEQ ID
NO:11) and/or a heavy chain variable region described herein (e.g., in Table 2 or SEQ ID
NO:11). In one embodiment, the anti-EGFRVIII binding domain is a scFv comprising a light
chain and a heavy chain of an amino acid sequence listed in Table 2 or SEQ ID NO:11. In an
embodiment, the anti-EGFRVIII binding domain (e.g., an scFv) comprises: a light chain
variable region comprising an amino acid sequence having at least one, two or three
modifications (e.g., substitutions) but not more than 30, 20 or 10 modifications (e.g.,
substitutions) of an amino acid sequence of a light chain variable region provided in Table 2 or
SEQ ID NO:11, or a sequence with 95-99% identity with an amino acid sequence provided in
Table 2 or SEQ ID NO:11; and/or a heavy chain variable region comprising an amino acid
sequence having at least one, two or three modifications (e.g., substitutions) but not more than
30, 20 or 10 modifications (e.g., substitutions) of an amino acid sequence of a heavy chain
variable region provided in Table 2 or SEQ ID NO:11, or a sequence with 95-99% identity to
an amino acid sequence provided in Table 2 or SEQ ID NO:11. In one embodiment, the anti-
EGFRVIII binding domain comprises a sequence selected from a group consisting of SEQ ID
NO:38, SEQ ID NO:44, SEQ ID NO:50, SEQ ID NO:56, SEQ ID NO:62, SEQ ID NO:68,
SEQ ID NO:74, SEQ ID NO:80, and SEQ ID NO:86, or a sequence with 95-99% identify
thereof. In one embodiment, the anti-EGFRVIII binding domain is a scFv, and a light chain
variable region comprising an amino acid sequence described herein, e.g., in Table 2 or SEQ
ID NO:11, is attached to a heavy chain variable region comprising an amino acid sequence
described herein, e.g., in Table 2 or SEQ ID NO:11, via a linker, e.g., a linker described herein.
In one embodiment, the anti-EGFRVIII binding domain includes a (Gly4-Ser)n linker, wherein
nis 1, 2,3, 4,5, or 6, preferably 4 (SEQ ID NO: 110). The light chain variable region and
heavy chain variable region of a scFv can be, e.g., in any of the following orientations: light
chain variable region-linker-heavy chain variable region or heavy chain variable region-linker-

light chain variable region.

[0018] In one embodiment, the isolated CAR molecule comprises a transmembrane domain
of a protein selected from the group consisting of the alpha, beta or zeta chain of the T-cell
receptor, CD28, CD3 epsilon, CD45, CD4, CD5, CDS, CD9, CD16, CD22, CD33, CD37,
CD64, CD80, CD86, CD134, CD137 and CD154. In one embodiment, the transmembrane

11
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domain comprises a sequence of SEQ ID NO:15. In one embodiment, the transmembrane
domain comprises an amino acid sequence having at least one, two or three modifications (e.g.,
substitutions) but not more than 20, 10 or 5 modifications (e.g., substitutions) of an amino acid
sequence of SEQ ID NO:15, or a sequence with 95-99% identity to an amino acid sequence of

SEQ ID NO:15.

[0019] In one embodiment, the anti-EGFRvIII binding domain is connected to the
transmembrane domain by a hinge region, e.g., a hinge region described herein. In one
embodiment, the encoded hinge region comprises SEQ ID NO:14 or SEQ ID NO:104 or SEQ
ID NO:106 or SEQ ID NO:108, or a sequence with 95-99% identity thereof.

[0020] In one embodiment, the isolated CAR molecule further comprises a sequence
encoding a costimulatory domain, e.g., a costimulatory domain described herein. In one
embodiment, the costimulatory domain comprises a functional signaling domain of a protein
selected from the group consisting of OX40, CD2, CD27, CD28, CDS, ICAM-1, LFA-1
(CD11a/CD18) and 4-1BB (CD137). In one embodiment, the costimulatory domain comprises
a sequence of SEQ ID NO:16 or SEQ ID NO:102. In one embodiment, the costimulatory
domain comprises an amino acid sequence having at least one, two or three modifications (e.g.,
substitutions) but not more than 20, 10 or 5 modifications (e.g., substitutions) of an amino acid
sequence of SEQ ID NO:16 or SEQ ID NO:102, or a sequence with 95-99% identity to an
amino acid sequence of SEQ ID NO:16 or SEQ ID NO:102. In one embodiment, the isolated
CAR molecule further comprises a sequence encoding an intracellular signaling domain, e.g.,
an intracellular signaling domain described herein. In one embodiment, the intracellular
signaling domain comprises a functional signaling domain of 4-1BB or CD27 and/or a
functional signaling domain of CD3 zeta. In one embodiment, the intracellular signaling
domain comprises the sequence of SEQ ID NO: 16 or SEQ ID NO:102 and/or the sequence of
SEQ ID NO:17. In one embodiment, the intracellular signaling domain comprises the sequence
of SEQ ID NO: 16 or SEQ ID NO:102 and/or the sequence of SEQ ID NO:99. In one
embodiment, the intracellular signaling domain comprises an amino acid sequence having at
least one, two or three modifications (e.g., substitutions) but not more than 20, 10 or 5
modifications (e.g., substitutions) of an amino acid sequence of SEQ ID NO:16 or SEQ ID
NO:102 and/or an amino acid sequence of SEQ ID NO:17 or SEQ ID NO:99, or a sequence
with 95-99% identity to an amino acid sequence of SEQ ID NO:16 or SEQ ID NO:102 and/or
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an amino acid sequence of SEQ ID NO:17 or SEQ ID NO:99. In one embodiment, the
intracellular signaling domain comprises the sequence of SEQ ID NO: 16 or SEQ ID NO:102
and the sequence of SEQ ID NO: 17 or SEQ ID NO:99, wherein the sequences comprising the
intracellular signaling domain are expressed in the same frame and as a single polypeptide

chain.

[0021] In one embodiment, the isolated CAR molecule further comprises a leader
sequence, €.g., a leader sequence described herein. In one embodiment, the leader sequence
comprises an amino acid sequence of SEQ ID NO: 13, or a sequence with 95-99% identity to

an amino acid sequence of SEQ ID NO:13.

[0022] In another aspect, the invention pertains to an isolated CAR molecule comprising a
leader sequence, e.g., a leader sequence described herein, e.g., a leader sequence of SEQ ID
NO: 13, or having 95-99% identity thereof, an anti-EGFRVIII binding domain described herein,
e.g., an anti-EGFRVIII binding domain comprising a LC CDR1, a LC CDR2, a LC CDR3, a
HC CDR1, a HC CDR2 and a HC CDR3 described herein, e.g., an anti-EGFRVIII binding
domain described in Table 2 or SEQ ID NO:11, or a sequence with 95-99% identify thereof, a
hinge region, e.g., a hinge region described herein, e.g., a hinge region of SEQ ID NO:14 or
SEQ ID NO:104 or SEQ ID NO:106 or SEQ ID NO:108, or having 95-99% identity thereof, a
transmembrane domain, e.g., a transmembrane domain described herein, e.g., a transmembrane
domain having a sequence of SEQ ID NO: 15 or a sequence having 95-99% identity thereof, an
intracellular signaling domain, e.g., an intracellular signaling domain described herein (e.g., an
intracellular signaling domain comprising a costimulatory domain and/or a primary signaling
domain). . In one embodiment, the intracellular signaling domain comprises a costimulatory
domain, e.g., a costimulatory domain described herein, e.g., a 4-1BB costimulatory domain
having a sequence of SEQ ID NO:16 or a CD27 costimulatory domain having a sequence of
SEQ ID NO:102, or having 95-99%identity thereof, and/or a primary signaling domain, e.g., a
primary signaling domain described herein, e.g., a CD3 zeta stimulatory domain having a
sequence of SEQ ID NO:17 or SEQ ID NO:99, or having 95-99% identity thereof. In one
embodiment, the intracellular signaling domain comprises a costimulatory domain, e.g., a

costimulatory domain described herein, e.g., a 4-1BB costimulatory domain having a sequence
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of SEQ ID NO:16 or a CD27 costimulatory domain having a sequence of SEQ ID NO:102,
and/ a primary signaling domain, e.g., a primary signaling domain described herein, e.g., a CD3

zeta stimulatory domain having a sequence of SEQ ID NO:17 or SEQ ID NO:99.

[0023] In one embodiment, the isolated CAR molecule comprises (e.g., consists of) an
amino acid sequence of SEQ ID NO:43, SEQ ID NO:49, SEQ ID NO:55, SEQ ID NO:61, SEQ
ID NO:67, SEQ ID NO:73, SEQ ID NO:79, SEQ ID NO:85, or SEQ ID NO:90, or an amino
acid sequence having at least one, two, three, four, five, 10, 15, 20 or 30 modifications (e.g.,
substitutions) but not more than 60, 50 or 40 modifications (e.g., substitutions) of an amino
acid sequence of SEQ ID NO:43, SEQ ID NO:49, SEQ ID NO:55, SEQ ID NO:61, SEQ ID
NO:67, SEQ ID NO:73, SEQ ID NO:79, SEQ ID NO:85, or SEQ ID NO:90, or an amino acid
sequence having 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to an amino acid sequence
of SEQ ID NO:43, SEQ ID NO:49, SEQ ID NO:55, SEQ ID NO:61, SEQ ID NO:67, SEQ ID
NO:73, SEQ ID NO:79, SEQ ID NO:85, or SEQ ID NO:90. In one embodiment, the isolated
CAR molecule comprises (e.g., consists of) an amino acid sequence of SEQ ID NO:1, orSEQ
ID NO:2, or an amino acid sequence having at least one, two, three, four, five, 10, 15, 20 or 30
modifications (e.g., substitutions) but not more than 60, 50 or 40 modifications (e.g.,
substitutions) of an amino acid sequence of SEQ ID NO:1 or SEQ ID NO:2, or an amino acid
sequence having 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to an amino acid sequence
of SEQ ID NO:1 or SEQ ID NO:2. In one embodiment, the isolated CAR molecule comprises
(e.g., consists of) an amino acid sequence of SEQ ID NO:73, or an amino acid sequence having
at least one, two, three, four, five, 10, 15, 20 or 30 modifications (e.g., substitutions) but not
more than 60, 50 or 40 modifications (e.g., substitutions) of an amino acid sequence of SEQ ID
NO:73, or an amino acid sequence having 85%, 90%, 95%, 96%, 97%, 98% or 99% identity to
an amino acid sequence of SEQ ID NO:73. In one embodiment, the isolated CAR molecule
comprises (e.g., consists of) an amino acid sequence of SEQ ID NO:79, or an amino acid
sequence having at least one, two, three, four, five, 10, 15, 20 or 30 modifications (e.g.,
substitutions) but not more than 60, 50 or 40 modifications (e.g., substitutions) of an amino
acid sequence of SEQ ID NO:79, or an amino acid sequence having 85%, 90%, 95%, 96%,
97%, 98% or 99% 1identity to an amino acid sequence of SEQ ID NO:79.

[0024] In one aspect, the invention pertains to an anti-EGFRVIII binding domain

comprising one or more (e.g., all three) light chain complementary determining region 1 (LC
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CDR1), light chain complementary determining region 2 (LC CDR2), and light chain
complementary determining region 3 (LC CDR3) of an anti-EGFRVIII binding domain
described herein, and one or more (e.g., all three) heavy chain complementary determining
region 1 (HC CDR1), heavy chain complementary determining region 2 (HC CDR2), and
heavy chain complementary determining region 3 (HC CDR3) of an anti-EGFRVIII binding
domain described herein, e.g., a humanized anti-EGFRvIII binding domain comprising one or
more, e.g., all three, LC CDRs and one or more, e.g., all three, HC CDRs. In one embodiment,
the anti-EGFRVIII binding domain comprises a light chain variable region described herein
(e.g., in SEQ ID NO:38, 44, 50, 56, 62, 68, 74 or 80) and/or a heavy chain variable region
described herein (e.g. in SEQ ID NO:38, 44, 50, 56, 62, 68, 74 or 80). In one embodiment, the
anti-EGFRVIII binding domain is a scFv comprising a light chain and a heavy chain of an
amino acid sequence of in SEQ ID NO:38, 44, 50, 56, 62, 68, 74 or 80. In an embodiment, the
anti-EGFRVIII binding domain (e.g., an scFv) comprises: a light chain variable region
comprising an amino acid sequence having at least one, two or three modifications (e.g.,
substitutions) but not more than 30, 20 or 10 modifications (e.g., substitutions) of an amino
acid sequence of a light chain variable region provided, in SEQ ID NO:38, 44, 50, 56, 62, 68,
74 or 80 or a sequence with 95-99% identity with an amino acid sequence in SEQ ID NO:38§,
44, 50, 56, 62, 68, 74 or 80; and/or a heavy chain variable region comprising an amino acid
sequence having at least one, two or three modifications (e.g., substitutions) but not more than
30, 20 or 10 modifications (e.g., substitutions) of an amino acid sequence of a heavy chain
variable region provided in SEQ ID NO:38, 44, 50, 56, 62, 68, 74 or 80, or a sequence with 95-
99% identity to an amino acid sequence in SEQ ID NO:38, 44, 50, 56, 62, 68, 74 or 80. In one
embodiment, the anti-EGFRVIII binding domain comprises a sequence selected from a group
consisting of SEQ ID NO:38, SEQ ID NO:44, SEQ ID NO:50, SEQ ID NO:56, SEQ ID
NO:62, SEQ ID NO:68, SEQ ID NO:74, SEQ ID NO:80, and SEQ ID NO:86, or a sequence
with 95-99% identify thereof. In one embodiment, the anti-EGFRVIII binding domain is a
scFv, and a light chain variable region comprising an amino acid sequence described herein,
e.g., in Table 2, is attached to a heavy chain variable region comprising an amino acid sequence
described herein, e.g., in Table 2, via a linker, e.g., a linker described herein. In one
embodiment, the anti-EGFRVIII binding domain includes a (Glys-Ser)n linker, wherein n is 1,

2,3,4,5, or 6, preferably 4 (SEQ ID NO: 110). The light chain variable region and heavy
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chain variable region of a scFv can be, e.g., in any of the following orientations: light chain
variable region-linker-heavy chain variable region or heavy chain variable region-linker-light

chain variable region.

[0025] In another aspect, the invention pertains to a vector comprising a nucleic acid
molecule described herein, e.g., a nucleic acid molecule encoding a CAR described herein. In
one embodiment, the vector is selected from the group consisting of a DNA, a RNA, a plasmid,

a lentivirus vector, adenoviral vector, or a retrovirus vector.

[0026] In one embodiment, the vector is a lentivirus vector. In one embodiment, the vector
further comprises a promoter. In one embodiment, the promoter is an EF-1 promoter. In one

embodiment, the EF-1 promoter comprises a sequence of SEQ ID NO: 97.

[0027] In one embodiment, the vector is an in vitro transcribed vector, e.g., a vector that
transcribes RNA of a nucleic acid molecule described herein. In one embodiment, the nucleic
acid sequence in the vector further comprises a poly(A) tail, e.g., a poly A tail described herein,
e.g., comprising about 150 adenosine bases (SEQ ID NO: 111). In one embodiment, the nucleic
acid sequence in the vector further comprises a 3’UTR, e.g., a 3° UTR described herein, e.g.,

comprising at least one repeat of a 3’UTR derived from human beta-globulin.

[0028] In another aspect, the invention pertains to a cell comprising a vector described
herein. In one embodiment, the cell is a cell described herein, e.g., a human T cell, e.g., a

human T cell described herein. In one embodiment, the human T cell is a CD8+ T cell.

[0029] In another aspect, the invention pertains to a method of making a cell comprising
transducing a cell described herein, e.g., a T cell described herein, with a vector of comprising

a nucleic acid encoding a CAR, e.g., a CAR described herein.

[0030] The present invention also provides a method of generating a population of RNA-
engineered cells, e.g., cells described herein, e.g., T cells, transiently expressing exogenous
RNA. The method comprises introducing an in vitro transcribed RNA or synthetic RNA into a

cell, where the RNA comprises a nucleic acid encoding a CAR molecule described herein.
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[0031] In another aspect, the invention pertains to a method of providing an anti-tumor
immunity in a mammal comprising administering to the mammal an effective amount of a cell
expressing a CAR molecule, e.g., a cell expressing a CAR molecule described herein. In one
embodiment, the cell is an autologous T cell. In one embodiment, the cell is an allogeneic T

cell. In one embodiment, the mammal is a human.

[0032] In another aspect, the invention pertains to a method of treating a mammal having a
disease associated with expression of EGFRVIII (e.g., a proliferative disease, a precancerous
condition, and a noncancer related indication associated with the expression of EGFRvIII)
comprising administering to the mammal an effective amount of the cells expressing a CAR

molecule, e.g., a CAR molecule described herein.

[0033] In one embodiment, the disease is a disease described herein. In one embodiment,
the disease associated with EGFRvIII is a glioblastoma. In one embodiment, the disease
associated with EGFRVIII is a cancer, €.g., a cancer selected from the group consisting of
glioblastoma multiforme (GBM), anaplastic astrocytoma, giant cell glioblastoma, gliosarcoma,
anaplastic oligodendroglioma, anaplastic ependymoma, choroid plexus carcinoma, anaplastic
ganglioglioma, pineoblastoma, medulloepithelioma, ependymoblastoma, medulloblastoma,
supratentorial primitive neuroectodermal tumor, atypical teratoid/rhabdoid tumor, lung cancer
(e.g., non-small cell lung carcinomas) breast, prostate, ovarian, colorectal and bladder

carcinoma and any combination thereof, and metastases of any of the cancers.

[0034] In one embodiment, the cells expressing a CAR molecule, e.g., a CAR molecule
described herein, are administered in combination with an agent that increases the efficacy of a

cell expressing a CAR molecule, e.g., an agent described herein.

[0035] In one embodiment, the cells expressing a CAR molecule, e.g., a CAR molecule
described herein, are administered in combination with an agent that ameliorates one or more
side effect associated with administration of a cell expressing a CAR molecule, e.g., an agent

described herein.

[0036] In one embodiment, the cells expressing a CAR molecule, e.g., a CAR molecule
described herein, are administered in combination with an agent that treats the disease

associated with EGFRVIII, e.g., an agent described herein.
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[0037] In one embodiment, the cells expressing a CAR molecule, e.g., a CAR molecule

described herein, are administered at a dose and/or dosing schedule described herein.

[0038] In one embodiment, the cells expressing a CAR molecule, e.g., a CAR molecule
described herein, are administered as a first line treatment for the disease, e.g., the cancer, e.g.,
the cancer described herein. In another embodiment, the cells expressing a CAR molecule,
e.g., a CAR molecule described herein, are administered as a second, third, fourth line

treatment for the disease, e.g., the cancer, e.g., the cancer described herein.

[0039] In another aspect, the invention pertains to the isolated nucleic acid molecule
encoding a CAR of the invention, the isolated polypeptide molecule of a CAR of the invention,
the vector comprising a CAR of the invention, and the cell comprising a CAR of the invention

for use as a medicament, e.g., as described herein.

[0040] In another aspect, the invention pertains to a the isolated nucleic acid molecule
encoding a CAR of the invention, the isolated polypeptide molecule of a CAR of the invention,
the vector comprising a CAR of the invention, and the cell comprising a CAR of the invention
for use in the treatment of a disease expressing EGFRVIII, e.g., a disease expressing EGFRvIII

as described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] Figures 1A and 1B are a series of schematic diagrams of lentiviral vectors for 3C10-
CAR and miR-17-92. Figure 1A depicts the 3C10-CAR expressing vector pELNS-3C10-CAR;

and Figure 1B depicts the miR-17-92-expressing lentiviral vector;

[0042] Figures 2A through 2C are a series of images showing the functional expression of
lentivirally transduced 3C10-CAR and miR-17-92 in human T cells. CD3+ T cells that were
transduced with pELNS-3C10-CAR alone or both pELNS-3C10-CAR and FG12-EFla-miR-
17/92;

[0043] Figures 3A through 3D are a series of images demonstrating that co-expression of
miR17-92 in CAR-T-cells confers resistance to suppressive effects of TGF-f and TMZ. CAR-

T-cells (open bars) and those co-transduced with miR-17-92 (closed bars) were co-cultured
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with an APCs expressing EGFRVIII in the presence of indicated concentrations of TGF- 3 and
TMZ;

[0044] Figures 4A and 4B are images depicting robust therapeutic effects of CAR-T-cells
in mice bearing U87-EGFRVIII tumors;

[0045] Figures SA through 5C are a series of images demonstrating that co-transduced

miR-17-92 in CAR-T cells confers improved protection against re-challenged glioma cells;

[0046] Figure 6 is an image showing the comparison of the representative EGFRvIII CARs
(SEQ ID NOS 1, 121, and 2, respectively, in order of appearance);

[0047] Figure 7 is an image showing that human T-cells transduced with EGFRvVIII CARs
exhibited specific and potent lysis of EGFRvIII-expressing U87 human GBM cells (U87-
EGFRVvIII);

[0048] Figure 8 is a graph showing that all anti-EGFRvIII CARTs clear tumor cells, but
construct 3C10.BBz CART clears tumors most rapidly by day 7;

[0049] Figure 9 is a table showing the VH and VL. sequences of humanized EGFRvIII
(SEQ ID NOS 122-127, respectively, in order of appearance);

[0050] Figure 10 is a graph showing in vitro binding of soluble humanized scFv constructs

binding to EGFRVIII + cell line;

[0051] Figure 11 is a graph showing in vitro binding of soluble humanized scFv constructs
binding to EGFR wild type cell line, with clone 73 (also referred to as CAR6) and clone 74

(also referred to as CAR7) showing a safer profile;

[0052] Figure 12 is a graph of comparing the specificity of murine CAR9 and human
CARI10 for EGFRVIII and wild type EGFR in transient transfection of Jurkat cells and

detection with Fc fusion proteins;

[0053] Figure 13 is a graph showing primary T cell transduction of donor T cells with the
humanized EGFRvVIII CAR constructs mCAR19 (control), CAR10, CAR9, and CARGO, stained

with saturating amounts of EGFRVIII;

[0054] Figure 14 is a graph showing the luciferase activity of humanized EGFRvIII CAR
constructs by BHK-EGFRVIII but not wild type cells;
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[0055] Figure 15 is a graph showing that the humanized EGFRVIII CAR constructs
proliferate in response to U87vIII challenge with no background proliferation to wild type

EGFR;

[0056] Figure 16 is a graph showing that the humanized EGFRVIII CAR constructs

proliferate in vitro in the presence of U87vIII challenge;

[0057] Figure 17 is a graph showing a 4 hour51-Chromium release tumor killing assay in
which the humanized EGFRVIII CAR construct, 2173 (CAR6) and CAR9 specifically kills
EGFRVIII expressing but not wild type EGFR cells; and

[0058] Figure 18 is a graph showing progression of tumor size (cm’, upper left panel) and
progression of tumor radiance average (p/s/cm?*/sr, upper right panel), and Kaplan-meier
survival curve (lower) in vivo in mice treated with CAR+ T cells transduced with the

humanized EGFRvIII CAR contruct (CARG6).

DETAILED DESCRIPTION
Definitions

[0059] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which the

invention pertains.

[0060] The term “a” and “an” refers to one or to more than one (i.e., to at least one) of the
grammatical object of the article. By way of example, “an element” means one element or more

than one element.

[0061] The term “about” when referring to a measurable value such as an amount, a
temporal duration, and the like, is meant to encompass variations of £20% or in some instances
+10%, or in some instances +5%, or in some instances =1%, or in some instances +0.1% from

the specified value, as such variations are appropriate to perform the disclosed methods.

[0062] The term “Chimeric Antigen Receptor” or alternatively a “CAR” refers to a
recombinant polypeptide construct comprising at least an extracellular antigen binding domain,

a transmembrane domain and a cytoplasmic signaling domain (also referred to herein as “an
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intracellular signaling domain”) comprising a functional signaling domain derived from a
stimulatory molecule as defined below. In one aspect, the stimulatory molecule is the zeta
chain associated with the T cell receptor complex. In one aspect, the cytoplasmic signaling
domain further comprises one or more functional signaling domains derived from at least one
costimulatory molecule as defined below. In one aspect, the costimulatory molecule is chosen
from 4-1BB (i.e., CD137) and/or CD28. In one aspect, the CAR comprises a chimeric fusion
protein comprising an extracellular antigen recognition domain, a transmembrane domain and
an intracellular signaling domain comprising a functional signaling domain derived from a
stimulatory molecule. In one aspect, the CAR comprises a chimeric fusion protein comprising
an extracellular antigen recognition domain, a transmembrane domain and an intracellular
signaling domain comprising a functional signaling domain derived from a co-stimulatory
molecule and a functional signaling domain derived from a stimulatory molecule. In one
aspect, the CAR comprises a chimeric fusion protein comprising an extracellular antigen
recognition domain, a transmembrane domain and an intracellular signaling domain comprising
two functional signaling domains derived from one or more co-stimulatory molecule(s) and a
functional signaling domain derived from a stimulatory molecule. In one aspect, the CAR
comprises a chimeric fusion protein comprising an extracellular antigen recognition domain, a
transmembrane domain and an intracellular signaling domain comprising at least two
functional signaling domains derived from one or more co-stimulatory molecule(s) and a
functional signaling domain derived from a stimulatory molecule. In one aspect the CAR
comprises an optional leader sequence at the amino-terminus (N-ter) of the CAR fusion protein.
In one aspect, the CAR further comprises a leader sequence at the N-terminus of the
extracellular antigen recognition domain, wherein the leader sequence is optionally cleaved
from the antigen recognition domain (e.g., a scFv) during cellular processing and localization

of the CAR to the cellular membrane.

[0063] The term “‘signaling domain” refers to the functional portion of a protein which acts
by transmitting information within the cell to regulate cellular activity via defined signaling
pathways by generating second messengers or functioning as effectors by responding to such

messengers.

[0064] The term “EGFR” refers to any mammalian mature full-length epidermal growth

factor receptor, including human and non-human forms. The 1186 amino acid human EGFR is
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described in Ullrich ef al., Nature 309:418-425 (1984)) and GenBank Accession No. AF125253
and SwissProt Acc No P00533-2.

[0065] The term “EGFRVIII” refers to Epidermal growth factor receptor variant III.
EGFRVIII is the most common variant of EGFR observed in human tumors but is rarely
observed in normal tissue. This protein results from the in-frame deletion of exons 2-7 and the
generation of a novel glycine residue at the junction of exons 1 and 8 within the extra-cellular
domain of the EGFR, thereby creating a tumor specific epitope. EGFRVIII is expressed in 24%
to 67% of GBM, but not in normal tissues. EGFRVIII is also known as type III mutant, delta-
EGFR, EGFRde2-7, and AEGFR and is described in U.S. Pat. Nos. 6,455,498, 6,127,126,
5,981,725, 5,814,317, 5,710,010, 5,401,828, and 5,212,290. Expression of EGFRvIII may
result from a chromosomal deletion, and may also result from aberrant alternative splicing. See

Sugawa et al., 1990, Proc. Natl. Acad. Sci. 87:8602-8606.

[0066] The term “antibody,” as used herein, refers to a protein, or polypeptide sequence
derived from an immunoglobulin molecule which specifically binds with an antigen.
Antibodies can be polyclonal or monoclonal, multiple or single chain, or intact
immunoglobulins, and may be derived from natural sources or from recombinant sources.

Antibodies can be tetramers of immunoglobulin molecules.

[0067] The term “antibody fragment” refers to at least one portion of an intact antibody, or
recombinant variants thereof, and refers to the antigen binding domain, e.g., an antigenic
determining variable region of an intact antibody, that is sufficient to confer recognition and
specific binding of the antibody fragment to a target, such as an antigen. Examples of antibody
fragments include, but are not limited to, Fab, Fab', F(ab'),, and Fv fragments, scFv antibody
fragments, linear antibodies, single domain antibodies such as sdAb (either VL or VH), camelid
VHH domains, and multi-specific antibodies formed from antibody fragments. The term

“scFv” refers to a fusion protein comprising at least one antibody fragment comprising a
variable region of a light chain and at least one antibody fragment comprising a variable region
of a heavy chain, wherein the light and heavy chain variable regions are contiguously linked via
a short flexible polypeptide linker, and capable of being expressed as a single chain
polypeptide, and wherein the scFv retains the specificity of the intact antibody from which it is

derived. Unless specified, as used herein an scFv may have the VL and VH variable regions in
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either order, e.g., with respect to the N-terminal and C-terminal ends of the polypeptide, the

scFv may comprise VL-linker-VH or may comprise VH-linker-VL.

[0068] The portion of the CAR composition of the invention comprising an antibody or
antibody fragment thereof may exist in a variety of forms where the antigen binding domain is
expressed as part of a contiguous polypeptide chain including, for example, a single domain
antibody fragment (sdAb), a single chain antibody (scFv) and a humanized antibody (Harlow et
al., 1999, In: Using Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press,
NY; Harlow er al., 1989, In: Antibodies: A Laboratory Manual, Cold Spring Harbor, New
York; Houston et al., 1988, Proc. Natl. Acad. Sci. USA 85:5879-5883; Bird er al., 1988,
Science 242:423-426). In one aspect, the antigen binding domain of a CAR composition of the
invention comprises an antibody fragment. In a further aspect, the CAR comprises an antibody

fragment that comprises a scFv.

[0069] The term “antibody heavy chain,” refers to the larger of the two types of
polypeptide chains present in antibody molecules in their naturally occurring conformations,

and which normally determines the class to which the antibody belongs.

[0070] The term “antibody light chain,” refers to the smaller of the two types of
polypeptide chains present in antibody molecules in their naturally occurring conformations.

Kappa (k) and lambda () light chains refer to the two major antibody light chain isotypes.

[0071] The term “recombinant antibody” refers to an antibody which is generated using
recombinant DNA technology, such as, for example, an antibody expressed by a bacteriophage
or yeast expression system. The term should also be construed to mean an antibody which has
been generated by the synthesis of a DNA molecule encoding the antibody and which DNA
molecule expresses an antibody protein, or an amino acid sequence specifying the antibody,
wherein the DNA or amino acid sequence has been obtained using recombinant DNA or amino

acid sequence technology which is available and well known in the art.

[0072] The term “antigen” or “Ag” as used herein is defined as a molecule that provokes an
immune response. This immune response may involve either antibody production, or the
activation of specific immunologically-competent cells, or both. The skilled artisan will
understand that any macromolecule, including virtually all proteins or peptides, can serve as an

antigen. Furthermore, antigens can be derived from recombinant or genomic DNA. A skilled
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artisan will understand that any DNA, which comprises a nucleotide sequences or a partial
nucleotide sequence encoding a protein that elicits an immune response therefore encodes an
“antigen” as that term is used herein. Furthermore, one skilled in the art will understand that an
antigen need not be encoded solely by a full length nucleotide sequence of a gene. It is readily
apparent that the present invention includes, but is 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 encode polypeptides that elicit the desired immune response. Moreover, a
skilled artisan will understand that an antigen need not be encoded by a “gene” at all. It is
readily apparent that an antigen can be generated synthesized or can be derived from a
biological sample, or might be macromolecule besides a polypeptide. Such a biological sample
can include, but is not limited to a tissue sample, a tumor sample, a cell or a fluid with other

biological components.

[0073] The term “anti-tumor effect” refers to a biological effect which can be manifested
by various means, including but not limited to, e.g., a decrease in tumor volume, a decrease in
the number of tumor cells, a decrease in the number of metastases, an increase in life
expectancy, decrease in tumor cell proliferation, decrease in tumor cell survival, or
amelioration of various physiological symptoms associated with the cancerous condition. An
“anti-tumor effect” can also be manifested by the ability of the peptides, polynucleotides, cells

and antibodies of the invention in prevention of the occurrence of tumor in the first place.

[0074] The term “autologous” refer to any material derived from the same individual to

whom it is later to be re-introduced into the individual.

[0075] The term “allogeneic” refers to any material derived from a different animal of the
same species as the individual to whom the material is introduced. Two or more individuals
are said to be allogeneic to one another when the genes at one or more loci are not identical. In
some aspects, allogeneic material from individuals of the same species may be sufficiently

unlike genetically to interact antigenically

[0076] The term “xenogeneic” refers to a graft derived from an animal of a different
species.
[0077] The term “cancer” refers to a disease characterized by the rapid and uncontrolled

growth of aberrant cells. Cancer cells can spread locally or through the bloodstream and
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lymphatic system to other parts of the body. Examples of various cancers are described herein
and, include but are not limited to, glioblastoma, breast cancer, prostate cancer, ovarian cancer,
cervical cancer, skin cancer, pancreatic cancer, colorectal cancer, renal cancer, liver cancer,

brain cancer, lymphoma, leukemia, lung cancer and the like.

[0078] The term “disease associated with expression of EGFRVIII” as used herein includes,
but is not limited to, a disease associated with expression of EGFRVIII or condition associated
with cells which express EGFRVIII including, tumor cells of various cancers such as, e.g.,
glioblastoma (including glioblastoma stem cells); breast, ovarian, and non-small cell lung
carcinomas; head and neck squamous cell carcinoma; medulloblastoma, colorectal cancer,
prostate cancer, and bladder carcinoma. Without being bound to a particular theory or
mechanism, it is believed that by eliciting an antigen-specific response against EGFRVIII, the
CARs disclosed herein provide for one or more of the following: targeting and destroying
EGFRvllI-expressing tumor cells, reducing or eliminating tumors, facilitating infiltration of
immune cells to the tumor site, and enhancing/extending anti-tumor responses. Because
EGFRvVIII is not expressed at detectable levels in normal (i.e., non-cancerous) tissue, it is
contemplated that the inventive CARs advantageously substantially avoid targeting/destroying

normal tissues and cells.

[0079] The term “conservative sequence modifications” is intended to refer to amino acid
modifications that do not significantly affect or alter the binding characteristics of the antibody
or antibody fragment containing the amino acid sequence. Such conservative modifications
include amino acid substitutions, additions and deletions. Modifications can be introduced into
an antibody or antibody fragment of the invention by standard techniques known in the art,
such as site-directed mutagenesis and PCR-mediated mutagenesis. Conservative amino acid
substitutions are ones in which the amino acid residue is replaced with an amino acid residue
having a similar side chain. Families of amino acid residues having similar side chains have
been defined in the art. These families include amino acids with basic side chains (e.g., lysine,
arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar side
chains (e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine, tryptophan),
nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine,
methionine), beta-branched side chains (e.g., threonine, valine, isoleucine) and aromatic side

chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). Thus, one or more amino acid
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residues within a CAR of the invention can be replaced with other amino acid residues from the
same side chain family and the altered CAR can be tested using the functional assays described

herein.

[0080] The term “stimulation,” refers to a primary response induced by binding of a
stimulatory molecule (e.g., a TCR/CD3 complex) with its cognate ligand thereby mediating 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-f, and/or reorganization of cytoskeletal structures, and the like.

[0081] The term “‘stimulatory molecule,” refers to a molecule expressed by a T cell that
provides the primary cytoplasmic signaling sequence(s) that regulate primary activation of the
TCR complex in a stimulatory way for at least some aspect of the T cell signaling pathway. In
one aspect, the primary signal is initiated by, for instance, binding of a TCR/CD3 complex with
an MHC molecule loaded with peptide, and which leads to mediation of a T cell response,
including, but not limited to, proliferation, activation, differentiation, and the like. A primary
cytoplasmic signaling sequence (also referred to as a “primary signaling domain”) that acts in a
stimulatory manner may contain a signaling motif which is known as immunoreceptor tyrosine-
based activation motif or ITAM. Examples of an ITAM containing primary cytoplasmic
signaling sequence that is of particular use in the invention includes, but is not limited to, those
derived from TCR zeta, FcR gamma, FcR beta, CD3 gamma, CD3 delta , CD3 epsilon, CDS5,
CD22, CD79a, CD79b, CD278 (also known as “ICOS”) and CD66d. In a specific CAR of the
invention, the intracellular signaling domain in any one or more CARS of the invention
comprises an intracellular signaling sequence, e.g., a primary signaling sequence of CD3-zeta.
In a specific CAR of the invention, the primary signaling sequence of CD3-zeta is the sequence
provided as SEQ ID NO:17 or the equivalent residues from a non-human species, e.g., mouse,
rodent, monkey, ape and the like. In a specific CAR of the invention, the primary signaling
sequence of CD3-zeta is the sequence provided as SEQ ID NO:99 or the equivalent residues

from a non-human species, e.g., mouse, rodent, monkey, ape and the like.

[0082] The term “antigen presenting cell” or “APC” refers to an immune system cell such
as an accessory cell (e.g., a B-cell, a dendritic cell, and the like) that displays a foreign antigen

complexed with major histocompatibility complexes (MHC's) on its surface. T-cells may
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recognize these complexes using their T-cell receptors (TCRs). APCs process antigens and

present them to T-cells.

[0083] An “intracellular signaling domain,” as the term is used herein, refers to an
intracellular portion of a molecule. The intracellular signaling domain generates a signal that
promotes an immune effector function of the CAR containing cell, e.g., a CART cell.
Examples of immune effector function, e.g., in a CART cell, include cytolytic activity and

helper activity, including the secretion of cytokines.

[0084] In an embodiment, the intracellular signaling domain can comprise a primary
intracellular signaling domain. Exemplary primary intracellular signaling domains include
those derived from the molecules responsible for primary stimulation, or antigen dependent
simulation. In an embodiment, the intracellular signaling domain can comprise a costimulatory
intracellular domain. Exemplary costimulatory intracellular signaling domains include those
derived from molecules responsible for costimulatory signals, or antigen independent
stimulation. For example, in the case of a CART, a primary intracellular signaling domain can
comprise a cytoplasmic sequence of a T cell receptor, and a costimulatory intracellular
signaling domain can comprise cytoplasmic sequence from co-receptor or costimulatory

molecule.

[0085] A primary intracellular signaling domain can comprise a signaling motif which is
known as an immunoreceptor tyrosine-based activation motif or ITAM. Examples of ITAM
containing primary cytoplasmic signaling sequences include, but are not limited to, those
derived from CD3 zeta, FcR gamma, FcR beta, CD3 gamma, CD3 delta, CD3 epsilon, CDS5,
CD22, CD79a, CD79b, and CD66d DAP10 and DAP12.

[0086] The term “zeta” or alternatively “zeta chain”, “CD3-zeta” or “TCR-zeta” is defined
as the protein provided as GenBan Acc. No. BAG36664.1, or the equivalent residues from a
non-human species, e.g., mouse, rodent, monkey, ape and the like, and a “zeta stimulatory
domain” or alternatively a “CD3-zeta stimulatory domain” or a “TCR-zeta stimulatory domain”
is defined as the amino acid residues from the cytoplasmic domain of the zeta chain that are
sufficient to functionally transmit an initial signal necessary for T cell activation. In one aspect
the cytoplasmic domain of zeta comprises residues 52 through 164 of GenBank Acc. No.

BAG36664.1 or the equivalent residues from a non-human species, e.g., mouse, rodent,
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monkey, ape and the like, that are functional orthologs thereof. In one aspect, the “zeta
stimulatory domain” or a “CD3-zeta stimulatory domain” is the sequence provided as SEQ ID
NO:17. In one aspect, the “zeta stimulatory domain” or a “CD3-zeta stimulatory domain™ is

the sequence provided as SEQ ID NO:99.

[0087] The term “costimulatory molecule” refers to the cognate binding partner on a T cell
that specifically binds with a costimulatory ligand, thereby mediating a costimulatory response
by the T cell, such as, but not limited to, proliferation. Costimulatory molecules are cell surface
molecules other than antigen receptors or their ligands that are required for an efficient immune
response. Costimulatory molecules include, but are not limited to, an MHC class I molecule,
BTLA and a Toll ligand receptor, as well as 0X40, CD2, CD27, CD28, CDS, ICAM-1, LFA-1
(CD11a/CD18) and 4-1BB (CD137).

[0088] A costimulatory intracellular signaling domain can be derived from the intracellular
portion of a costimulatory molecule. A costimulatory molecule can be represented in the
following protein families: TNF receptor proteins, Immunoglobulin-like proteins, cytokine
receptors, integrins, signaling lymphocytic activation molecules (SLAM proteins), and
activating NK cell receptors. Examples of such molecules include CD27, CD28, 4-1BB
(CD137), 0X40, GITR, CD30, CD40, ICOS, BAFFR, HVEM, lymphocyte function-
associated antigen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, SLAMF7, NKp80, CD160, B7-
H3, and a ligand that specifically binds with CD83, and the like.

[0089] The intracellular signaling domain can comprise the entire intracellular portion, or
the entire native intracellular signaling domain, of the molecule from which it is derived, or a

functional fragment thereof.

[0090] The term “4-1BB” refers to member of the TNFR superfamily with an amino acid
sequence provided as GenBank Acc. No. AAA62478.2, or the equivalent residues from a non-
human species, e.g., mouse, rodent, monkey, ape and the like; and a “4-1BB costimulatory
domain” is defined as amino acid residues 214-255 of GenBank Acc. No. AAA62478.2, or the
equivalent residues from a non-human species, e.g., mouse, rodent, monkey, ape and the like.
In one aspect, the “4-1BB costimulatory domain” is the sequence provided as SEQ ID NO:16
or the equivalent residues from a non-human species, e.g., mouse, rodent, monkey, ape and the

like.
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[0091] The term “encoding” refers to the inherent property of specific sequences of
nucleotides in a polynucleotide, such as a gene, a cDNA, or an mRNA, to serve as templates
for synthesis of other polymers and macromolecules in biological processes having either a
defined sequence of nucleotides (e.g., IRNA, tRNA and mRNA) or a defined sequence of
amino acids and the biological properties resulting therefrom. Thus, a gene, cDNA, or RNA,
encodes a protein if transcription and translation of mRNA corresponding to that gene produces
the protein in a cell or other biological system. Both the coding strand, the nucleotide sequence
of which is identical to the mRNA sequence and is usually provided in sequence listings, and
the non-coding strand, used as the template for transcription of a gene or cDNA, can be referred

to as encoding the protein or other product of that gene or cDNA.

[0092] 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 nucleotide sequence that encodes a protein
or a RNA may also include introns to the extent that the nucleotide sequence encoding the

protein may in some version contain an intron(s).

[0093] The term “effective amount” or “therapeutically effective amount” are used
interchangeably herein, and refer to an amount of a compound, formulation, material, or

composition, as described herein effective to achieve a particular biological result.

[0094] The term “endogenous” refers to any material from or produced inside an organism,

cell, tissue or system.

[0095] The term “exogenous” refers to any material introduced from or produced outside

an organism, cell, tissue or system.

[0096] The term “expression” refers to the transcription and/or translation of a particular

nucleotide sequence driven by a promoter.

[0097] The term “transfer vector” refers to a composition of matter which comprises an
isolated nucleic acid and which can be used to deliver the isolated nucleic acid to the interior of
a cell. Numerous vectors are known in the art including, but not limited to, linear
polynucleotides, polynucleotides associated with ionic or amphiphilic compounds, plasmids,

and viruses. Thus, the term “transfer vector” includes an autonomously replicating plasmid or a
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virus. The term should also be construed to further include non-plasmid and non-viral
compounds which facilitate transfer of nucleic acid into cells, such as, for example, a
polylysine compound, liposome, and the like. Examples of viral transfer vectors include, but
are not limited to, adenoviral vectors, adeno-associated virus vectors, retroviral vectors,

lentiviral vectors, and the like.

[0098] The term “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 sufficient cis-acting elements for
expression; other elements for expression can be supplied by the host cell or in an in vitro
expression system. Expression vectors include all those known in the art, including cosmids,
plasmids (e.g., naked or contained in liposomes) and viruses (e.g., lentiviruses, retroviruses,

adenoviruses, and adeno-associated viruses) that incorporate the recombinant polynucleotide.

[0099] The term “lentivirus” 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 efficient methods of a gene delivery vector. HIV, SIV, and FIV are all examples of

lentiviruses.

[00100] The term “lentiviral vector” refers to a vector derived from at least a portion of a
lentivirus genome, including especially a self-inactivating lentiviral vector as provided in
Milone et al., Mol. Ther. 17(8): 1453-1464 (2009). Other examples of lentivirus vectors that
may be used in the clinic, include but are not limited to, e.g., the LENTIVECTOR® gene
delivery technology from Oxford BioMedica, the LENTIMAX™ vector system from Lentigen
and the like. Nonclinical types of lentiviral vectors are also available and would be known to

one skilled in the art.

[00101] The term “homologous™ or “identity” as used herein refers to the subunit sequence
identity between two polymeric molecules, e.g., between two nucleic acid molecules, such as,
two DNA molecules or two RNA molecules, or between two polypeptide molecules. When a
subunit position in both of the two molecules is occupied by the same monomeric subunit; e.g.,
if a position in each of two DNA molecules is occupied by adenine, then they are homologous

or identical at that position. The homology between two sequences is a direct function of the
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number of matching or homologous positions; e.g., if half (e.g., five positions in a polymer ten
subunits in length) of the positions in two sequences are homologous, the two sequences are
50% homologous; if 90% of the positions (e.g., 9 of 10), are matched or homologous, the two

sequences are 90% homologous.

[00102] “Humanized” forms of non-human (e.g., murine) antibodies are chimeric
immunoglobulins, immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab', F(ab)2
or other antigen-binding subsequences of antibodies) which contain minimal sequence derived
from non-human immunoglobulin. For the most part, humanized antibodies and antibody
fragments thereof are human immunoglobulins (recipient antibody or antibody fragment) in
which residues from a complementary-determining region (CDR) of the recipient are replaced
by residues from a CDR of a non-human species (donor antibody) such as mouse, rat or rabbit
having the desired specificity, affinity, and capacity. In some instances, Fv framework region
(FR) residues of the human immunoglobulin are replaced by corresponding non-human
residues. Furthermore, a humanized antibodies/antibody fragment can comprise residues which
are found neither in the recipient antibody nor in the imported CDR or framework sequences.
These modifications can further refine and optimize antibody or antibody fragment
performance. In general, the humanized antibody or antibody fragment thereof will comprise
substantially all of at least one, and typically two, variable domains, in which all or
substantially all of the CDR regions correspond to those of a non-human immunoglobulin and
all or a significant portion of the FR regions are those of a human immunoglobulin sequence.
The humanized antibody or antibody fragment can also comprise at least a portion of an
immunoglobulin constant region (Fc), typically that of a human immunoglobulin. For further
details, see Jones et al., Nature, 321: 522-525, 1986; Reichmann ef al., Nature, 332: 323-329,
1988; Presta, Curr. Op. Struct. Biol., 2: 593-596, 1992.

[00103] The term “human” antibody refers to fully human antibodies as well as effectively
human antibodies. “Fully human” refers to an immunoglobulin, such as an antibody or
antibody fragment, where the whole molecule is of human origin or consists of an amino acid
sequence identical to a human form of the antibody or immunoglobulin. An “effectively
human” antibody is an antibody that includes a sufficient number of human amino acid

positions such that the antibody does not elicit an immunogenic response in a normal human.
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[00104] The term “isolated” means altered or removed from the natural state. For example, a
nucleic acid or a peptide naturally present in a living animal is not “isolated,” but the same
nucleic acid or peptide partially or completely separated from the coexisting materials of its
natural state is “isolated.” An isolated nucleic acid or protein can exist in substantially purified

form, or can exist in a non-native environment such as, for example, a host cell.

[00105] In the context of the present invention, the following abbreviations for the
commonly occurring nucleic acid bases are used. “A” refers to adenosine, “C” refers to

cytosine, “G” refers to guanosine, “T” refers to thymidine, and “U” refers to uridine.

[00106] The term “operably linked” or “transcriptional control” refers to functional linkage
between a regulatory sequence and a heterologous nucleic acid sequence resulting in expression
of the latter. For example, a first nucleic acid sequence is operably linked with a second nucleic
acid sequence when the first nucleic acid sequence is placed in a functional relationship with
the second nucleic acid sequence. For instance, a promoter is operably linked to a coding
sequence if the promoter affects the transcription or expression of the coding sequence.
Operably linked DNA sequences can be contiguous with each other and, e.g., where necessary

to join two protein coding regions, are in the same reading frame.

[00107]  The term “parenteral” administration of an immunogenic composition includes, e.g.,
subcutaneous (s.c.), intravenous (i.v.), intramuscular (i.m.), or intrasternal injection,

intratumoral, or infusion techniques.

[00108]  The term “nucleic acid” or “polynucleotide” refers to deoxyribonucleic acids (DNA)
or ribonucleic acids (RNA) and polymers thereof in either single- or double-stranded form.
Unless specifically limited, the term encompasses nucleic acids containing known analogues of
natural nucleotides that have similar binding properties as the reference nucleic acid and are
metabolized in a manner similar to naturally occurring nucleotides. Unless otherwise indicated,
a particular nucleic acid sequence also implicitly encompasses conservatively modified variants
thereof (e.g., degenerate codon substitutions), alleles, orthologs, SNPs, and complementary
sequences as well as the sequence explicitly indicated. Specifically, degenerate codon
substitutions may be achieved by generating sequences in which the third position of one or

more selected (or all) codons is substituted with mixed-base and/or deoxyinosine residues
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(Batzer et al., Nucleic Acid Res. 19:5081 (1991); Ohtsuka er al., J. Biol. Chem. 260:2605-2608
(1985); and Rossolini er al., Mol. Cell. Probes 8:91-98 (1994)).

[00109]  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 is 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 in the art as peptides, oligopeptides and oligomers, for example, and
to longer chains, which generally are referred to in 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 polypeptides,
modified polypeptides, derivatives, analogs, fusion proteins, among others. A polypeptide

includes a natural peptide, a recombinant peptide, or a combination thereof.

[00110] The term “promoter” refers to a DNA sequence recognized by the synthetic
machinery of the cell, or introduced synthetic machinery, required to initiate the specific

transcription of a polynucleotide sequence.

[00111]  The term “promoter/regulatory sequence” refers to a nucleic acid sequence which is
required for expression of a gene product operably linked to the promoter/regulatory sequence.
In some instances, this sequence may be the core promoter sequence and in 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 in a tissue specific manner.

[00112] The term “‘constitutive promoter” refers to 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.

[00113] The term “inducible promoter” refers to 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 substantially only when an inducer which corresponds to

the promoter is present in the cell.
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[00114]  The term “tissue-specific promoter” refers to a nucleotide sequence which, when
operably linked with a polynucleotide encodes or specified by a gene, causes the gene product
to be produced in a cell substantially only if the cell is a cell of the tissue type corresponding to

the promoter.

[00115] The term “flexible polypeptide linker” or “linker” as used in the context of a scFv
refers to a peptide linker that consists of amino acids such as glycine and/or serine residues
used alone or in combination, to link variable heavy and variable light chain regions together.
In one embodiment, the flexible polypeptide linker is a Gly/Ser linker and comprises the amino
acid sequence (Gly-Gly-Gly-Ser)n (SEQ ID NO: 112), where n is a positive integer equal to or
greater than 1. For example, n=1, n=2, n=3. n=4, n=5 and n=6, n=7, n=8, n=9 and n=10. In one
embodiment, the flexible polypeptide linkers include, but are not limited to, (Gly4 Ser)4 (SEQ
ID NO: 113) or (Gly4 Ser)3 (SEQ ID NO: 114). In another embodiment, the linkers include
multiple repeats of (Gly2Ser), (GlySer) or (Gly3Ser) (SEQ ID NO: 112). Also included within
the scope of the invention are linkers described in W0O2012/138475, incorporated herein by

reference).

[00116]  As used herein, a 5' cap (also termed an RNA cap, an RNA 7-methylguanosine cap
or an RNA m’G cap) is a modified guanine nucleotide that has been added to the “front” or 5'
end of a eukaryotic messenger RNA shortly after the start of transcription. The 5' cap consists
of a terminal group which is linked to the first transcribed nucleotide. Its presence is critical for
recognition by the ribosome and protection from RNases. Cap addition is coupled to
transcription, and occurs co-transcriptionally, such that each influences the other. Shortly after
the start of transcription, the 5' end of the mRNA being synthesized is bound by a cap-
synthesizing complex associated with RNA polymerase. This enzymatic complex catalyzes the
chemical reactions that are required for mRNA capping. Synthesis proceeds as a multi-step
biochemical reaction. The capping moiety can be modified to modulate functionality of mRNA

such as its stability or efficiency of translation.

[00117]  As used herein, “in vitro transcribed RNA™ refers to RNA, preferably mRNA, that
has been synthesized in vitro. Generally, the in vitro transcribed RNA is generated from an in
vitro transcription vector. The in vitro transcription vector comprises a template that is used to

generate the in vitro transcribed RNA.
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[00118]  As used herein, a “poly(A)” is a series of adenosines attached by polyadenylation to
the mRNA. In the preferred embodiment of a construct for transient expression, the polyA is
between 50 and 5000 (SEQ ID NO: 115), preferably greater than 64, more preferably greater
than 100, most preferably greater than 300 or 400. poly(A) sequences can be modified
chemically or enzymatically to modulate mRNA functionality such as localization, stability or

efficiency of translation.

[00119]  As used herein, “polyadenylation” refers to the covalent linkage of a polyadenylyl
moiety, or its modified variant, to a messenger RNA molecule. In eukaryotic organisms, most
messenger RNA (mRNA) molecules are polyadenylated at the 3' end. The 3' poly(A) tail is a
long sequence of adenine nucleotides (often several hundred) added to the pre-mRNA through
the action of an enzyme, polyadenylate polymerase. In higher eukaryotes, the poly(A) tail is
added onto transcripts that contain a specific sequence, the polyadenylation signal. The poly(A)
tail and the protein bound to it aid in protecting mRNA from degradation by exonucleases.
Polyadenylation is also important for transcription termination, export of the mRNA from the
nucleus, and translation. Polyadenylation occurs in the nucleus immediately after transcription
of DNA into RNA, but additionally can also occur later in the cytoplasm. After transcription
has been terminated, the mRNA chain is cleaved through the action of an endonuclease
complex associated with RNA polymerase. The cleavage site is usually characterized by the
presence of the base sequence AAUAAA near the cleavage site. After the mRNA has been

cleaved, adenosine residues are added to the free 3' end at the cleavage site.

[00120]  As used herein, “transient” refers to expression of a non-integrated transgene for a
period of hours, days or weeks, wherein the period of time of expression is less than the period
of time for expression of the gene if integrated into the genome or contained within a stable

plasmid replicon in the host cell.

[00121]  The term “signal transduction pathway” refers to the biochemical relationship
between a variety of signal transduction molecules that play a role in the transmission of a
signal from one portion of a cell to another portion of a cell. The phrase “cell surface receptor”
includes molecules and complexes of molecules capable of receiving a signal and transmitting

signal across the membrane of a cell.
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[00122]  The term “subject” is intended to include living organisms in which an immune

response can be elicited (e.g., mammals, human).

[00123]  The term “substantially purified” cell refers to a cell that is 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 it is normally associated in its naturally occurring state. In some
instances, a population of substantially purified cells refers to a homogenous population of
cells. 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 aspects, the cells are

cultured in vitro. In other aspects, the cells are not cultured in vitro.

[00124]  The term “therapeutic” as used herein means a treatment. A therapeutic effect is

obtained by reduction, suppression, remission, or eradication of a disease state.

[00125] The term “prophylaxis” as used herein means the prevention of or protective

treatment for a disease or disease state.

[00126]  In the context of the present invention, "tumor antigen" or "hyperproliferative
disorder antigen" or "antigen associated with a hyperproliferative disorder" refers 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 melanoma, thymoma, lymphoma, sarcoma,
lung cancer, liver cancer, non-Hodgkin's lymphoma, non-Hodgkins lymphoma, leukemias,
uterine cancer, cervical cancer, bladder cancer, kidney cancer and adenocarcinomas such as

breast cancer, prostate cancer, ovarian cancer, pancreatic cancer, and the like.

[00127]  The term “transfected” or “transformed” or “transduced” refers to a process by
which exogenous nucleic acid is transferred or introduced into the host cell. A “transfected” or
“transformed” or “transduced” cell is one which has been transfected, transformed or

transduced with exogenous nucleic acid. The cell includes the primary subject cell and its
progeny.
[00128] The term “specifically binds,” refers to an antibody, or a ligand, which recognizes

and binds with a cognate binding partner (e.g., a stimulatory and/or costimulatory molecule

36



WO 2014/130657 PCT/US2014/017364

present on a T cell) protein present in a sample, but which antibody or ligand does not

substantially recognize or bind other molecules in the sample.

[00129]  Ranges: throughout this disclosure, various aspects of the invention can be
presented in a range format. It should be understood that the description in range format is
merely for convenience and brevity and should not be construed as an inflexible 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 to 6, from 3 to 6 etc., as well as individual numbers within that range, for example, 1, 2,
2.7,3,4,5,5.3, and 6. As another example, a range such as 95-99% identity, includes
something with 95%, 96%, 97%, 98% or 99% identity, and includes subranges such as 96-99%,
96-98%, 96-97%, 97-99%, 97-98% and 98-99% identity. This applies regardless of the breadth

of the range.

Description

[00130] Provided herein are compositions of matter and methods of use for the treatment of

a disease such as cancer using an anti-EGFRVIII chimeric antigen receptors (CAR).

[00131] In one aspect, the invention provides a number of chimeric antigen receptors
comprising an antibody or antibody fragment engineered to specifically bind to an EGFRVIII
protein. In one aspect, the invention provides a cell (e.g., T cell) engineered to express a CAR,
wherein the CAR T cell (“CART”) exhibits an antitumor property. In one aspect a cell is
transformed with the CAR and the CAR is expressed on the cell surface. In some embodiments,
the cell (e.g., T cell) is transduced with a viral vector encoding a CAR. In some embodiments,
the viral vector is a retroviral vector. In some embodiments, the viral vector is a lentiviral
vector. In some such embodiments, the cell may stably express the CAR. In another
embodiment, the cell (e.g., T cell) is transfected with a nucleic acid, e.g., mRNA, cDNA, DNA,

encoding a CAR. In some such embodiments, the cell may transiently express the CAR.
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[00132]  In one aspect, the EGFRVIII protein binding portion of the CAR is a scFv antibody
fragment. In one aspect such antibody fragments are functional in that they retain the
equivalent binding affinity, e.g., they bind the same antigen with comparable efficacy, as the
IgG antibody from which it is derived. In one aspect such antibody fragments are functional in
that they provide a biological response that can include, but is not limited to, activation of an
immune response, inhibition of signal-transduction origination from its target antigen,

inhibition of kinase activity, and the like, as will be understood by a skilled artisan.

[00133] In one aspect, the EGFRVIII antigen binding domain of the CAR is a murine scFv
antibody fragment. In another aspect, the EGFRVIII antigen binding domain of the CAR is a
scFv antibody fragment that is humanized compared to the murine sequence of the scFv from
which it is derived. Generation of an exemplary parental murine monoclonal antibody against
EGFRVIII (3C10) is disclosed in Okamoto et al. (British J. Cancer 1996, 73:1366-1372). An
exemplary fully human antibody against EGFRVIII (139) is disclosed in Morgan et al. (2012)
Human Gene Therapy, 23: 1043-1953, incorporated herein by reference. In one aspect, the
scFv for the murine sequence comprises SEQ ID NO: 11. Humanization of this mouse scFv
may be desired for the clinical setting, where the mouse-specific residues may induce a human-
anti-mouse antigen (HAMA) response in patients who receive EGFRVIII treatment, e.g.,

treatment with T cells transduced with the EGFRvVIII construct.

[00134]  In one aspect, the anti-EGFRvVIII binding domain portion of a CAR is encoded by a
transgene whose sequence has been codon optimized for expression in a mammalian cell. In
one aspect, entire CAR construct of the invention is encoded by a transgene whose entire
sequence has been codon optimized for expression in a mammalian cell. Codon optimization
refers to the discovery that the frequency of occurrence of synonymous codons (i.e., codons
that code for the same amino acid) in coding DNA is biased in different species. Such codon
degeneracy allows an identical polypeptide to be encoded by a variety of nucleotide sequences.
A variety of codon optimization methods is known in the art, and include, e.g., methods

disclosed in at least US Patent Numbers 5,786,464 and 6,114,148.

[00135] In one aspect, the anti-EGFRVIII binding domain of a CAR is a humanized anti-
EGFRVIII binding domain. For example, in one embodiment, the anti-EGFRVIII binding

domain comprises the scFv portion provided in SEQ ID NO:38. In one aspect, the humanized
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anti-EGFRVIII binding domain comprises the scFv portion provided in SEQ ID NO:44. In one
aspect, the humanized anti-EGFRvIII binding domain comprises the scFv portion provided in
SEQ ID NO:50. In one aspect, the humanized anti-EGFRVIII binding domain comprises the
scFv portion provided in SEQ ID NO:56. In one aspect, the humanized anti-EGFRvIII binding
domain comprises the scFv portion provided in SEQ ID NO:62. In one aspect, the humanized
anti-EGFRVIII binding domain comprises the scFv portion provided in SEQ ID NO:68. In one
aspect, the humanized anti-EGFRvIII binding domain comprises the scFv portion provided in
SEQ ID NO:74. In one aspect, the humanized anti-EGFRVIII binding domain comprises the
scFv portion provided in SEQ ID NO:80. In one aspect, the humanized anti-EGFRvIII binding
domain comprises the scFv portion provided in SEQ ID NO:86.

[00136] In one aspect, a CAR disclosed herein includes an antigen binding domain of a
specific antibody with an intracellular signaling domain. For example, in some aspects, the
intracellular signaling domain includes, but is not limited to, CD3-zeta chain, 4-1BB and CD28

signaling modules and combinations thereof.

[00137]  In one aspect, the antigen binding domain binds to EGFRVIII. In one aspect, the
CAR comprises the sequence provided in SEQ ID NO:43. In one aspect, the CAR comprises
the sequence provided in SEQ ID NO:49. In one aspect, the CAR comprises the sequence
provided in SEQ ID NO:55. In one aspect, the CAR comprises the sequence provided in SEQ
ID NO:61. In one aspect, the CAR comprises the sequence provided in SEQ ID NO:67. In one
aspect, the CAR comprises the sequence provided in SEQ ID NO:73. In one aspect, the CAR
comprises the sequence provided in SEQ ID NO:79. In one aspect, the CAR comprises the
sequence provided in SEQ ID NO:85.

[00138] In one aspect, CAR comprises at least one intracellular signaling domain selected
from the group consisting of a CD137 (4-1BB) signaling domain, a CD28 signaling domain, a
CD3zeta signal domain, and any combination thereof. In one aspect, the CAR comprises at
least one intracellular signaling domain of one or more costimulatory molecule(s) other than a

CD137 (4-1BB) or CD28, a CD3zeta signal domain, and any combination thereof.

[00139]  Furthermore, the present invention provides CAR compositions and their use in
medicaments or methods for treating, among other diseases, cancer or any malignancy or

autoimmune diseases involving cells or tissues which express EGFRVIIL
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[00140] The present invention also provides compositions and methods for overexpression
of miR-17-92, e.g., in a CAR-expressing cell, e.g., a T cell. In one aspect, transgene-derived
overexpression of miR-17-92 provides a CAR-transduced T-cell with improved resistance
against tumor-induced immunosuppression and chemotherapy, thereby promoting long-lasting

therapeutic effects.

Chimeric Antigen Receptor (CAR)

[00141] The present invention encompasses a recombinant DNA construct comprising
sequences encoding a CAR, wherein the CAR comprises an antibody fragment that binds
specifically to EGFRVIII, e.g., a human antibody fragment that specifically binds to EGFRVIIL
In one aspect, the EGFRVIII is human EGFRVIII, and the nucleic acid sequence encoding the
antibody fragment is contiguous with, and in the same reading frame as a nucleic acid sequence
encoding an intracellular signaling domain. The intracellular signaling domain can comprise a
costimulatory signaling domain and/or a primary signaling domain, e.g., a zeta chain. The
costimulatory signaling domain refers to a portion of the CAR comprising at least a portion of

the intracellular domain of a costimulatory molecule.

[00142] In specific aspects, a CAR construct of the invention comprises a scFv domain
selected from the group consisting of SEQ ID NO:38, SEQ ID NO:44, SEQ ID NO:50, SEQ ID
NO:56, SEQ ID NO:62, SEQ ID NO:68, SEQ ID NO:74, SEQ ID NO:80, and SEQ ID NO:86,
wherein the scFv may be preceded by an optional leader sequence such as provided in SEQ ID
NO: 13, and followed by an optional hinge sequence such as provided in SEQ ID NO:14 or
SEQ ID NO:104 or SEQ ID NO:106 or SEQ ID NO:108, a transmembrane region such as
provided in SEQ ID NO:15, an intracellular signalling domain that includes SEQ ID NO:16 or
SEQ ID NO:102 and a CD3 zeta sequence that includes SEQ ID NO:17 or SEQ ID NO:99,
wherein the domains are contiguous with and in the same reading frame to form a single fusion
protein. Also included in the invention is a nucleotide sequence that encodes the polypeptide of
each of the scFv fragments selected from the group consisting of SEQ ID NO:38, SEQ ID
NO:44, SEQ ID NO:50, SEQ ID NO:56, SEQ ID NO:62, SEQ ID NO:68, SEQ ID NO:74,
SEQ ID NO:80, and SEQ ID NO: 86, and each of the domains of SEQ ID NOS: 13-17. Also

included in the invention is a nucleotide sequence that encodes the polypeptide of each of the
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scFv fragments selected from the group consisting of SEQ ID NO:38, SEQ ID NO:44, SEQ ID
NO:50, SEQ ID NO:56, SEQ ID NO:62, SEQ ID NO:68, SEQ ID NO:74, SEQ ID NO:80, and
SEQ ID NO: 86, , and each of the domains of SEQ ID NOS: 13-16 and SEQ ID NO:99. In one
aspect, the EGFRVIII CAR construct comprises an optional leader sequence, an extracellular
antigen binding domain that specifically binds EGFRVIII, a hinge, a transmembrane domain,
and an intracellular stimulatory domain. In one aspect, the EGFRVIII CAR construct
comprises an optional leader sequence, an extracellular antigen binding domain that
specifically binds EGFRVIII, a hinge, a transmembrane domain, an intracellular signaling
domain that includes a costimulatory domain and a primary stimulatory domain. Specific
EGFRVIII CAR constructs containing a humanized scFv domain are provided in SEQ ID
NO:43, SEQ ID NO:49, SEQ ID NO:55, SEQ ID NO:61, SEQ ID NO:67, SEQ ID NO:73,
SEQ ID NO:79, SEQ ID NO:85, and SEQ ID NO:90. Specific EGFRVIII CAR constructs
containing a murine scFv domain is provided in SEQ ID NO:1 and SEQ ID NO:2.

[00143]  An exemplary leader sequence is provided as SEQ ID NO: 13. An exemplary
hinge/spacer sequence is provided as SEQ ID NO: 14 or SEQ ID NO:104 or SEQ ID NO:106
or SEQ ID NO:108. An exemplary transmembrane domain sequence is provided as SEQ ID
NO:15. An exemplary sequence of a costimulatory domain of the 4-1BB protein is provided as
SEQ ID NO: 16. An exemplary sequence of a costimulatory domain of the CD27 protein is
provided as SEQ ID NO:102. An exemplary primary signaling domain of a CD3zeta domain
sequence is provided as SEQ ID NO: 17. Another exemplary primary signaling domain of a
CD3zeta domain sequence is provided as SEQ ID NO:99.

[00144] In one aspect, the present invention encompasses a recombinant nucleic acid
construct comprising a nucleic acid molecule encoding a CAR, wherein the nucleic acid
molecule comprises the nucleic acid sequence encoding an anti-EGFRVIII binding domain,
e.g., described herein, that is contiguous with, and in the same reading frame as a nucleic acid
sequence encoding an intracellular signaling domain. In one aspect, the anti-EGFRVIII binding
domain is selected from one or more of SEQ ID NO:38, SEQ ID NO:44, SEQ ID NO:50, SEQ
ID NO:56, SEQ ID NO:62, SEQ ID NO:68, SEQ ID NO:74, SEQ ID NO:80, and SEQ ID
NO:86. In one aspect, the anti-EGFRVIII binding domain is encoded by a nucleotide sequence
provided in a sequence selected from the group consisting of SEQ ID NO: 39, SEQ ID NO: 45,
SEQ ID NO: 51, SEQ ID NO: 57, SEQ ID NO: 63, SEQ ID NO: 69, SEQ ID NO: 75, SEQ ID
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NO: 81, and SEQ ID NO:98. In one aspect, the anti-EGFRVIII binding domain is encoded by
SEQ ID NO: 39. In one aspect, the anti-EGFRVIII binding domain is encoded by SEQ ID NO:
45. In one aspect, the anti-EGFRVIII binding domain is encoded by SEQ ID NO: 51. In one
aspect, the anti-EGFRVIII binding domain is encoded by SEQ ID NO: 57. In one aspect, the
anti-EGFRVIII binding domain is encoded by SEQ ID NO: 63. In one aspect, the anti-
EGFRVIII binding domain is encoded by SEQ ID NO: 69. In one aspect, the anti-EGFRvIII
binding domain is encoded by SEQ ID NO: 75. In one aspect, the anti-EGFRVIII binding
domain is encoded by SEQ ID NO: 81.

[00145] In one aspect, the present invention encompasses a recombinant nucleic acid
construct comprising a nucleic acid molecule encoding a CAR, wherein the nucleic acid
molecule comprises a nucleic acid sequence encoding an anti-EGFRVIII binding domain
selected from the group consisting of SEQ ID NO:42, SEQ ID NO:48, SEQ ID NO:54, SEQ ID
NO:60, SEQ ID NO:66, SEQ ID NO:72, SEQ ID NO:78, SEQ ID NO:84, and SEQ ID NO:90
wherein the sequence is contiguous with and in the same reading frame as the nucleic acid
sequence encoding an intracellular signaling domain. An exemplary intracellular signaling
domain that can be used in the CAR includes, but is not limited to, one or more intracellular
signaling domains of, e.g., CD3-zeta, CD28, 4-1BB, and the like. In some instances, the CAR
can comprise any combination of intracellular signaling domains of CD3-zeta, CD28§, 4-1BB,
and the like. In one aspect the nucleic acid construct comprises SEQ ID NO: 42. In one aspect
the nucleic acid sequence of a CAR construct is SEQ ID NO:48. In one aspect the nucleic acid
construct comprises SEQ ID NO:54. In one aspect the nucleic acid construct comprises SEQ
ID NO:60. In one aspect the nucleic acid construct comprises SEQ ID NO:66. In one aspect
the nucleic acid construct comprises SEQ ID NO:72. In one aspect the nucleic acid construct

comprises SEQ ID NO:78. In one aspect the nucleic acid construct comprises SEQ ID NO:84.

[00146] The nucleic acid sequences coding for the desired molecules can be obtained using
recombinant methods known in 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
isolating directly from cells and tissues containing the same, using standard techniques.

Alternatively, the nucleic acid of interest can be produced synthetically, rather than cloned.
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[00147] The present invention includes retroviral and lentiviral vector constructs expressing

a CAR that can be directly transduced into a cell.

[00148] The present invention also includes an RNA construct that can be directly
transfected into a cell. A method for generating mRNA for use in transfection involves in vitro
transcription (IVT) of a template with specially designed primers, followed by polyA addition,
to produce a construct containing 3’ and 5° untranslated sequence (“UTR”), a 5’ cap and/or
Internal Ribosome Entry Site (IRES), the nucleic acid to be expressed, and a polyA tail,
typically 50-2000 bases in length. RNA so produced can efficiently transfect different kinds of
cells. In one embodiment, the template includes sequences for the CAR. In an embodiment, an

RNA CAR vector is transduced into a T cell by electroporation.

Antigen binding domain

[00149]  In one aspect, the CAR of the invention comprises a target-specific binding element
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 binding domain in a CAR of the invention include those

associated with viral, bacterial and parasitic infections, autoimmune disease and cancer cells.

[00150] In one aspect, the CAR-mediated T-cell response can be directed to an antigen of
interest by way of engineering an antigen binding domain that specifically binds a desired

antigen into the CAR.

[00151] In one aspect, the portion of the CAR comprising the antigen binding domain
comprises an antigen binding domain that targets EGFRVIIIL. In one aspect, the antigen binding
domain targets human EGFRVIII. For example, a mouse monoclonal antibody (IgG2b) 3C10
was produced against EGFRVIII by immunization of mice with a 14 amino acid peptide
(LEEKKGNYVVTDHC; SEQ ID NO:101) including the EGFRVIII- specific fusion junction
and demonstrated highly specific recognition of EGFRVIII without any detectable binding to
wild-type EGFR (Okamoto er al, British J. Cancer 1996, 73:1366-1372). Accordingly, in some
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embodiments, the antigen binding domain targets an amino acid sequence, €.g., an amino acid
sequence comprising an added glycine residue, within the EGFVIII fusion junction domain. In
some embodiemts, the antigen binding domain targets an one or more amino acid sequence in

the amino acid sequence of SEQ ID NO:101.

[00152] The antigen binding domain can be any domain that binds to the antigen including,
but not limited to, a monoclonal antibody, a polyclonal antibody, a recombinant antibody, a
human antibody, a humanized antibody, and a functional fragment thereof, including but not
limited to a single-domain antibody such as a heavy chain variable domain (VH), a light chain
variable domain (VL) and a variable domain (VHH) of camelid derived nanobody, and to an
alternative scaffold known in the art to function as antigen binding domain, such as a
recombinant fibronectin domain, and the like. In some instances, it is beneficial for the antigen
binding domain to be derived from the same species in which the CAR will ultimately be used
in. For example, for use in humans, it may be beneficial for the antigen binding domain of the
CAR to comprise human or humanized residues for the antigen binding domain of an antibody

or antibody fragment.

[00153] Thus, in one aspect, the antigen binding domain comprises a human antibody or an
antibody fragment. In another aspect, the antigen binding domain comprises a humanized
antibody or antibody fragment. In one embodiment, the anti-EGFRvIII binding domain
comprises one or more (e.g., one, two, or all three) light chain complementary determining
region 1 (LC CDR1), light chain complementary determining region 2 (LC CDR2), and light
chain complementary determining region 3 (LC CDR3) of an anti- EGFRVIII binding domain
described herein, and one or more (e.g., one, two, or all three) heavy chain complementary
determining region 1 (HC CDR1), heavy chain complementary determining region 2 (HC
CDR2), and heavy chain complementary determining region 3 (HC CDR3) of an anti-
EGFRVIII binding domain described herein. In one embodiment, the anti- EGFRVIII binding
domain comprises a light chain variable region described herein and/or a heavy chain variable
region described herein. In one embodiment, the anti- EGFRvIII binding domain is a scFv
comprising a light chain variable region and a heavy chain variable region of an amino acid
sequence, €.g., a light chain variable region and heavy chain variable region described herein.
In an embodiment, the anti- EGFRVIII binding domain (e.g., an scFv) comprises: a light chain

variable region comprising an amino acid sequence having at least one, two or three
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modifications (e.g., substitutions) but not more than 30, 20 or 10 modifications (e.g.,
substitutions) of an amino acid sequence of a light chain variable region provided herein, or a
sequence with 85-99% (e.g., 90-99%, or 95-99%) identity to an amino acid sequence provided
herein; and/or a heavy chain variable region comprising an amino acid sequence having at least
one, two or three modifications (e.g., substitutions) but not more than 30, 20 or 10
modifications (e.g., substitutions) of an amino acid sequence of a heavy chain variable region
provided herein, or a sequence with 85-99% (e.g., 90-99%, or 95-99%) identity to an amino
acid sequence provided herein. In one aspect, the antigen binding domain comprises one or
more sequence selected from the group consisting of SEQ ID NO:38, SEQ ID NO:44, SEQ ID
NO:50, SEQ ID NO:56, SEQ ID NO:62, SEQ ID NO:68, SEQ ID NO:74, SEQ ID NO:80, and
SEQ ID NO:86. In one aspect the humanized CAR is selected from one or more sequence
selected from the group consisting of SEQ ID NO:43, SEQ ID NO:49, SEQ ID NO:55, SEQ ID
NO:61, SEQ ID NO:67, SEQ ID NO:73, SEQ ID NO:79, SEQ ID NO:85, and SEQ ID NO:90.

[00154] In some aspects, a non-human antibody is humanized, where specific sequences or
regions of the antibody are modified to increase similarity to an antibody naturally produced in

a human or fragment thereof. In one aspect, the antigen binding domain is humanized.

[00155] A humanized antibody can be produced using a variety of techniques known in the
art, including but not limited to, CDR-grafting (see, e.g., European Patent No. EP 239,400;
International Publication No. WO 91/09967; and U.S. Pat. Nos. 5,225,539, 5,530,101, and
5,585,089, each of which is incorporated herein in its entirety by reference), veneering or
resurfacing (see, e.g., European Patent Nos. EP 592,106 and EP 519,596; Padlan, 1991,
Molecular Immunology, 28(4/5):489-498; Studnicka et al., 1994, Protein Engineering,
7(6):805-814; and Roguska et al., 1994, PNAS, 91:969-973, each of which is incorporated
herein by its entirety by reference), chain shuffling (see, e.g., U.S. Pat. No. 5,565,332, which is
incorporated herein in its entirety by reference), and techniques disclosed in, e.g., U.S. Patent
Application Publication No. US2005/0042664, U.S. Patent Application Publication No.
US2005/0048617, U.S. Pat. No. 6,407,213, U.S. Pat. No. 5,766,886, International Publication
No. WO 9317105, Tan et al., 2002, J. Immunol., 169:1119-25; Caldas et al., 2000, Protein
Eng., 13(5):353-60; Morea et al., 2000, Methods, 20:267-79; Baca et al., 1997, J. Biol. Chem.,
272:10678-84; Roguska et al., 1996, Protein Eng., 9(10):895-904; Couto et al., 1995, Cancer
Res., 55 :5973s-5977; Couto et al., 1995, Cancer Res., 55(8):1717-22; Sandhu 1994 Gene,
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150(2):409-10; and Pedersen et al., 1994, J. Mol. Biol., 235(3):959-73, each of which is
incorporated herein in its entirety by reference. Often, framework residues in the framework
regions will be substituted with the corresponding residue from the CDR donor antibody to
alter, for example improve, antigen binding. These framework substitutions are identified by
methods well-known in the art, e.g., by modeling of the interactions of the CDR and framework
residues to identify framework residues important for antigen binding and sequence
comparison to identify unusual framework residues at particular positions. (See, e.g., Queen ef
al., U.S. Pat. No. 5,585,089; and Riechmann ef al., 1988, Nature, 332:323, which are

incorporated herein by reference in their entireties.)

[00156] A humanized antibody or antibody fragment has one or more amino acid residues
remaining in it from a source which is nonhuman. These nonhuman amino acid residues are
often referred to as “import” residues, which are typically taken from an “import” variable
domain. As provided herein, humanized antibodies or antibody fragments comprise one or
more CDRs from nonhuman immunoglobulin molecules and framework regions wherein the
amino acid residues comprising the framework are derived completely or mostly from human
germline. Multiple techniques for humanization of antibodies or antibody fragments are well-
known in the art and can essentially be performed following the method of Winter and co-
workers (Jones et al., Nature, 321:522-525 (1986); Riechmann er al., Nature, 332:323-327
(1988); Verhoeyen et al., Science, 239:1534-1536 (1988)), by substituting rodent CDRs or
CDR sequences for the corresponding sequences of a human antibody, i.e., CDR-grafting (EP
239,400; PCT Publication No. WO 91/09967; and U.S. Pat. Nos. 4,816,567; 6,331,415;
5,225,539; 5,530,101; 5,585,089; 6,548,640, the contents of which are incorporated herein by
reference herein in their entirety). In such humanized antibodies and antibody fragments,
substantially less than an intact human variable domain has been substituted by the
corresponding sequence from a nonhuman species. Humanized antibodies are often human
antibodies in which some CDR residues and possibly some framework (FR) residues are
substituted by residues from analogous sites in rodent antibodies. Humanization of antibodies
and antibody fragments can also be achieved by veneering or resurfacing (EP 592,106; EP
519,596; Padlan, 1991, Molecular Immunology, 28(4/5):489-498; Studnicka et al., Protein
Engineering, 7(6):805-814 (1994); and Roguska et al., PNAS, 91:969-973 (1994)) or chain
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shuffling (U.S. Pat. No. 5,565,332), the contents of which are incorporated herein by reference

herein in their entirety.

[00157]  The choice of human variable domains, both light and heavy, to be used in making
the humanized antibodies is to reduce antigenicity. According to the so-called “best-fit”
method, the sequence of the variable domain of a rodent antibody is screened against the entire
library of known human variable-domain sequences. The human sequence which is closest to
that of the rodent is then accepted as the human framework (FR) for the humanized antibody
(Sims et al., J. Immunol., 151:2296 (1993); Chothia et al., J. Mol. Biol., 196:901 (1987), the
contents of which are incorporated herein by reference herein in their entirety). Another method
uses a particular framework derived from the consensus sequence of all human antibodies of a
particular subgroup of light or heavy chains. The same framework may be used for several
different humanized antibodies (see, e.g., Carter ef al., Proc. Natl. Acad. Sci. USA, §9:4285
(1992); Presta et al., J. Immunol., 151:2623 (1993), the contents of which are incorporated

herein by reference herein in their entirety).

[00158] In some aspects, the portion of a CAR composition of the invention that comprises
an antibody fragment is humanized with retention of high affinity for the target antigen and
other favorable biological properties. According to one aspect of the invention, humanized
antibodies and antibody fragments are prepared by a process of analysis of the parental
sequences and various conceptual humanized products using three-dimensional models of the
parental and humanized sequences. Three-dimensional immunoglobulin models are commonly
available and are familiar to those skilled in the art. Computer programs are available which
illustrate and display probable three-dimensional conformational structures of selected
candidate immunoglobulin sequences. Inspection of these displays permits analysis of the
likely role of the residues in the functioning of the candidate immunoglobulin sequence, e.g.,
the analysis of residues that influence the ability of the candidate immunoglobulin to bind the
target antigen. In this way, FR residues can be selected and combined from the recipient and
import sequences so that the desired antibody or antibody fragment characteristic, such as
increased affinity for the target antigen, is achieved. In general, the CDR residues are directly

and most substantially involved in influencing antigen binding.
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[00159] In one aspect, the anti-EGFRvVIII binding domain is, for example, a Fv, a Fab, or a
(Fab")2, or a bi-functional (e.g. bi-specific) hybrid antibody (e.g., Lanzavecchia et al., Eur. J.
Immunol. 17, 105 (1987)). In one aspect, an antibody fragment provided herein is a scFv. In
one aspect, the scFv binds an EGFRVIII protein but not wild type EGFR. In some instances, a

human scFv may also be derived from a yeast display library.

[00160] In some instances, scFvs can be prepared according to method known in the art (see,
for example, Bird ef al., (1988) Science 242:423-426 and Huston et al., (1988) Proc. Natl.
Acad. Sci. USA 85:5879-5883). ScFv molecules can be produced by linking VH and VL
regions together using flexible polypeptide linkers. The scFv molecules comprise a linker (e.g.,
a Ser-Gly linker) with an optimized length and/or amino acid composition. The linker length
can greatly affect how the variable regions of an scFv fold and interact. In fact, if a short
polypeptide linker is employed (e.g., between 5-10 amino acids, intrachain folding is
prevented. Interchain folding is also required to bring the two variable regions together to form
a functional epitope binding site. For examples of linker orientation and size see, e.g., Hollinger
et al. 1993 Proc Natl Acad. Sci. U.S.A. 90:6444-6448, U.S. Patent Application Publication
Nos. 2005/0100543, 2005/0175606, 2007/0014794, and PCT publication Nos.
W02006/020258 and WO2007/0247135, is incorporated herein by reference.

[00161]  An scFv can comprise a linker of at least 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, or more amino acid residues between its VL and
VH regions. The linker sequence may comprise any naturally occurring amino acid. In some
embodiments, the linker sequence comprises amino acids glycine and serine. In another
embodiment, the linker sequence comprises sets of glycine and serine repeats such as
(GlysSer)n (SEQ ID NO: 37), where n is a positive integer equal to or greater than 1. In one
embodiment, the linker can be (GlysSer), (SEQ ID NO: 113) or (GlysSer); (SEQ ID NO: 114).
Variation in the linker length may retain or enhance activity, giving rise to superior efficacy in

activity studies.

Stability and Mutations
[00162]  The stability of an anti-EGFRVIII binding domain, e.g., scFv molecules (e.g.,

soluble scFv), can be evaluated in reference to the biophysical properties (e.g., thermal
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stability) of a conventional control scFv molecule or a full length antibody. In one embodiment,
the humanized scFv has a thermal stability that is greater than about 0.1, about 0.25, about 0.5,
about 0.75, about 1, about 1.25, about 1.5, about 1.75, about 2, about 2.5, about 3, about 3.5,
about 4, about 4.5, about 5, about 5.5, about 6, about 6.5, about 7, about 7.5, about 8, about 8.5,
about 9, about 9.5, about 10 degrees, about 11 degrees, about 12 degrees, about 13 degrees,
about 14 degrees, or about 15 degrees Celsius than a control binding molecule (e.g. a

conventional scFv molecule) in the described assays.

[00163] The improved thermal stability of the anti-EGFRvVIII binding domain, e.g., scFv, is
subsequently conferred to the entire EGFRVIII CAR construct, leading to improved therapeutic
properties of the EGFRVIII CAR construct. The thermal stability of the anti-EGFRVIII binding
domain, e.g., scFv, can be improved by at least about 2°C or 3°C as compared to a
conventional antibody. In one embodiment, the anti-EGFRVIII binding domain, e.g., scFv, has
a 1°C improved thermal stability as compared to a conventional antibody. In another
embodiment, the anti-EGFRVIII binding domain, e.g., scFv, has a 2°C improved thermal
stability as compared to a conventional antibody. In another embodiment, the anti-EGFRvIII
binding domain, e.g., scFv, has a4,5,6,7,8,9, 10, 11, 12, 13, 14, 15°C improved thermal
stability as compared to a conventional antibody. Comparisons can be made, for example,
between the scFv molecules disclosed herein and scFv molecules or Fab fragments of an
antibody from which the scFv VH and VL were derived. Thermal stability can be measured
using methods known in the art. For example, in one embodiment, Tm can be measured.
Methods for measuring Tm and other methods of determining protein stability are described in

more detail below.

[00164] Mutations in scFv (arising through humanization or direct mutagenesis of the
soluble scFv) alter the stability of the scFv and improve the overall stability of the scFv and the
EGFRVIII CAR construct. Stability of the humanized scFv is compared against the murine scFv
using measurements such as Tm, temperature denaturation and temperature aggregation. The
binding capacity of the mutant scFvs can be determined using assays described in the

Examples.

[00165] In one embodiment, the anti-EGFRVIII binding domain, e.g., scFv, comprises at

least one mutation arising from the humanization process such that the mutated scFv confers
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improved stability to the EGFRVIII construct. In another embodiment, the anti-EGFRVIII
binding domain, e.g., scFv, comprises at least 1, 2, 3,4, 5, 6, 7, 8, 9, 10 mutations arising from
the humanization process such that the mutated scFv confers improved stability to the

EGFRvVIII construct.

Methods of Evaluating Protein Stability

[00166]  The stability of an antigen binding domain may be assessed using, €.g., the methods
described below. Such methods allow for the determination of multiple thermal unfolding
transitions where the least stable domain either unfolds first or limits the overall stability
threshold of a multidomain unit that unfolds cooperatively (e.g. a multidomain protein which
exhibits a single unfolding transition). The least stable domain can be identified in a number of
additional ways. Mutagenesis can be performed to probe which domain limits the overall
stability. Additionally, protease resistance of a multidomain protein can be performed under
conditions where the least stable domain is known to be intrinsically unfolded via DSC or other
spectroscopic methods (Fontana, et al., (1997) Fold. Des., 2: R17-26; Dimasi et al. (2009) J.
Mol. Biol. 393: 672-692). Once the least stable domain is identified, the sequence encoding this

domain (or a portion thereof) may be employed as a test sequence in the methods.
a) Thermal Stability

[00167]  The thermal stability of the compositions may be analyzed using a number of non-
limiting biophysical or biochemical techniques known in the art. In certain embodiments,

thermal stability is evaluated by analytical spectroscopy.

[00168] An exemplary analytical spectroscopy method is Differential Scanning Calorimetry
(DSC). DSC employs a calorimeter which is sensitive to the heat absorbances that accompany
the unfolding of most proteins or protein domains (see, e.g. Sanchez-Ruiz, et al., Biochemistry,
27: 1648-52, 1988). To determine the thermal stability of a protein, a sample of the protein is
inserted into the calorimeter and the temperature is raised until the Fab or scFv unfolds. The

temperature at which the protein unfolds is indicative of overall protein stability.

[00169]  Another exemplary analytical spectroscopy method is Circular Dichroism (CD)

spectroscopy. CD spectrometry measures the optical activity of a composition as a function of
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increasing temperature. Circular dichroism (CD) spectroscopy measures differences in the
absorption of left-handed polarized light versus right-handed polarized light which arise due to
structural asymmetry. A disordered or unfolded structure results in a CD spectrum very
different from that of an ordered or folded structure. The CD spectrum reflects the sensitivity of
the proteins to the denaturing effects of increasing temperature and is therefore indicative of a

protein's thermal stability (see van Mierlo and Steemsma, J. Biotechnol., 79(3):281-98, 2000).

[00170]  Another exemplary analytical spectroscopy method for measuring thermal stability
is Fluorescence Emission Spectroscopy (see van Mierlo and Steemsma, supra). Yet another
exemplary analytical spectroscopy method for measuring thermal stability is Nuclear Magnetic

Resonance (NMR) spectroscopy (see, e.g. van Mierlo and Steemsma, supra).

[00171]  The thermal stability of a composition can be measured biochemically. An
exemplary biochemical method for assessing thermal stability is a thermal challenge assay. In a
“thermal challenge assay”, a composition is subjected to a range of elevated temperatures for a
set period of time. For example, in one embodiment, test scFv molecules or molecules
comprising scFv molecules are subject to a range of increasing temperatures, e.g., for 1-1.5
hours. The activity of the protein is then assayed by a relevant biochemical assay. For example,
if the protein is a binding protein (e.g. an scFv or scFv-containing polypeptide) the binding

activity of the binding protein may be determined by a functional or quantitative ELISA.

[00172]  Such an assay may be done in a high-throughput format and those disclosed in the
Examples using E. coli and high throughput screening. A library of anti-EGFRVIII binding
domain, e.g., scFv, variants may be created using methods known in the art. Anti-EGFRVIII
binding domain, e.g., scFv, expression may be induced and the anti-EGFRVIII binding domain,
e.g., scFv, may be subjected to thermal challenge. The challenged test samples may be assayed
for binding and those anti-EGFRVIII binding domains, e.g., scFvs, which are stable may be

scaled up and further characterized.

[00173] Thermal stability is evaluated by measuring the melting temperature (Tm) of a
composition using any of the above techniques (e.g. analytical spectroscopy techniques). The
melting temperature is the temperature at the midpoint of a thermal transition curve wherein
50% of molecules of a composition are in a folded state (See e.g., Dimasi ef al. (2009) J. Mol

Biol. 393: 672-692). In one embodiment, Tm values for an anti-EGFRvIII binding domain, e.g.,
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scFv, are about 40°C, 41°C, 42°C, 43°C, 44°C, 45°C, 46°C, 47°C, 48°C, 49°C, 50°C, 51°C,
52°C, 53°C, 54°C, 55°C, 56°C, 57°C, 58°C, 59°C, 60°C, 61°C, 62°C, 63°C, 64°C, 65°C, 66°C,
67°C, 68°C, 69°C, 70°C, 71°C, 72°C, 73°C, 74°C, 75°C, 76°C, 77°C, 78°C, 79°C, 80°C, 81°C,
82°C, 83°C, 84°C, 85°C, 86°C, 87°C, 88°C, 89°C, 90°C, 91°C, 92°C, 93°C, 94°C, 95°C, 96°C,
97°C, 98°C, 99°C, 100°C. In one embodiment, Tm values for an IgG is about 40°C, 41°C,
42°C, 43°C, 44°C, 45°C, 46°C, 47°C, 48°C, 49°C, 50°C, 51°C, 52°C, 53°C, 54°C, 55°C, 56°C,
57°C, 58°C, 59°C, 60°C, 61°C, 62°C, 63°C, 64°C, 65°C, 66°C, 67°C, 68°C, 69°C, 70°C, 71°C,
72°C, 73°C, 74°C, 75°C, 76°C, 77°C, 78°C, 79°C, 80°C, 81°C, 82°C, 83°C, 84°C, 85°C, 86°C,
87°C, 88°C, 89°C, 90°C, 91°C, 92°C, 93°C, 94°C, 95°C, 96°C, 97°C, 98°C, 99°C, 100°C. In
one embodiment, Tm values for an multivalent antibody is about 40°C, 41°C, 42°C, 43°C,
44°C, 45°C, 46°C, 47°C, 48°C, 49°C, 50°C, 51°C, 52°C, 53°C, 54°C, 55°C, 56°C, 57°C, 58°C,
59°C, 60°C, 61°C, 62°C, 63°C, 64°C, 65°C, 66°C, 67°C, 68°C, 69°C, 70°C, 71°C, 72°C, 73°C,
74°C, 75°C, 76°C, 77°C, 78°C, 79°C, 80°C, 81°C, 82°C, 83°C, 84°C, 85°C, 86°C, 87°C, 88°C,
89°C, 90°C, 91°C, 92°C, 93°C, 94°C, 95°C, 96°C, 97°C, 98°C, 99°C, 100°C.

[00174] Thermal stability is also evaluated by measuring the specific heat or heat capacity
(Cp) of a composition using an analytical calorimetric technique (e.g. DSC). The specific heat
of a composition is the energy (e.g. in kcal/mol) is required to rise by 1°C, the temperature of 1
mol of water. As large Cp is a hallmark of a denatured or inactive protein composition. The
change in heat capacity (ACp) of a composition is measured by determining the specific heat of
a composition before and after its thermal transition. Thermal stability may also be evaluated
by measuring or determining other parameters of thermodynamic stability including Gibbs free
energy of unfolding (AG), enthalpy of unfolding (AH), or entropy of unfolding (AS). One or
more of the above biochemical assays (e.g. a thermal challenge assay) are used to determine the
temperature (i.e. the T¢ value) at which 50% of the composition retains its activity (e.g. binding

activity).

[00175] In addition, mutations to the anti-EGFRvVIII binding domain, e.g., scFv, alter the
thermal stability of the anti-EGFRvVIII binding domain, e.g., scFv, compared with the
unmutated anti-EGFRvVIII binding domain, e.g., scFv. When the humanized anti-EGFRvIII
binding domain, e.g., scFv, is incorporated into an anti-EGFRVIII CAR construct, the anti-

EGFRVIII binding domain, e.g., humanized scFv confers thermal stability to the overall anti-
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EGFRVIII CAR construct. In one embodiment, the anti-EGFRVIII binding domain, e.g., scFv,
comprises a single mutation that confers thermal stability to the anti-EGFRVIII binding domain,
e.g., scFv. In another embodiment, the anti-EGFRVIII binding domain, e.g., scFv, comprises
multiple mutations that confer thermal stability to the anti-EGFRVIII binding domain, e.g.,
scFv. In one embodiment, the multiple mutations in the anti-EGFRVIII binding domain, e.g.,
scFv, have an additive effect on thermal stability of the anti-EGFRvVIII binding domain, e.g.,

scFv.
b) % Aggregation

[00176]  The stability of a composition can be determined by measuring its propensity to
aggregate. Aggregation can be measured by a number of non-limiting biochemical or
biophysical techniques. For example, the aggregation of a composition may be evaluated using
chromatography, e.g. Size-Exclusion Chromatography (SEC). SEC separates molecules on the
basis of size. A column is filled with semi-solid beads of a polymeric gel that will admit ions
and small molecules into their interior but not large ones. When a protein composition is
applied to the top of the column, the compact folded proteins (i.e. non-aggregated proteins) are
distributed through a larger volume of solvent than is available to the large protein aggregates.
Consequently, the large aggregates move more rapidly through the column, and in this way the
mixture can be separated or fractionated into its components. Each fraction can be separately
quantified (e.g. by light scattering) as it elutes from the gel. Accordingly, the % aggregation of
a composition can be determined by comparing the concentration of a fraction with the total
concentration of protein applied to the gel. Stable compositions elute from the column as
essentially a single fraction and appear as essentially a single peak in the elution profile or

chromatogram.

c) Binding Affinity
[00177]  The stability of a composition can be assessed by determining its target binding
affinity. A wide variety of methods for determining binding affinity are known in the art. An
exemplary method for determining binding affinity employs surface plasmon resonance.
Surface plasmon resonance is an optical phenomenon that allows for the analysis of real-time
biospecific interactions by detection of alterations in protein concentrations within a biosensor

matrix, for example using the BIAcore system (Pharmacia Biosensor AB, Uppsala, Sweden and
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Piscataway, N.J.). For further descriptions, see Jonsson, U., et al. (1993) Ann. Biol. Clin.
51:19-26; Jonsson, U., 1 (1991) Biotechniques 11:620-627; Johnsson, B., et al. (1995) J. Mol.
Recognit. 8:125-131; and Johnnson, B., ef al. (1991) Anal. Biochem. 198:268-277.

[00178] In one aspect, the antigen binding domain of the CAR comprises an amino acid
sequence that is homologous to an antigen binding domain amino acid sequence described
herein, and the antigen binding domain retains the desired functional properties of the anti-
EGFRVIII antibody fragments described herein. In one specific aspect, the CAR composition
of the invention comprises an antibody fragment. In a further aspect, that antibody fragment

comprises an scFv.

[00179] In various aspects, the antigen binding domain of the CAR is engineered by
modifying one or more amino acids within one or both variable regions (e.g., VH and/or VL),
for example within one or more CDR regions and/or within one or more framework regions. In
one specific aspect, the CAR composition of the invention comprises an antibody fragment. In

a further aspect, that antibody fragment comprises an scFv.

[00180] It will be understood by one of ordinary skill in the art that the antibody or antibody
fragment of the invention may further be modified such that they vary in amino acid sequence
(e.g., from wild-type), but not in desired activity. For example, additional nucleotide
substitutions leading to amino acid substitutions at "non-essential" amino acid residues may be
made to the protein For example, a nonessential amino acid residue in a molecule may be
replaced with another amino acid residue from the same side chain family. In another
embodiment, a string of amino acids can be replaced with a structurally similar string that
differs in order and/or composition of side chain family members, €.g., a conservative
substitution, in which an amino acid residue is replaced with an amino acid residue having a

similar side chain, may be made.

[00181] Families of amino acid residues having similar side chains have been defined in the
art, including basic side chains (e.g., lysine, arginine, histidine), acidic side chains (e.g.,
aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine, asparagine, glutamine,
serine, threonine, tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine, leucine,

isoleucine, proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g.,
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threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine,

tryptophan, histidine).

[00182] Percent identity in the context of two or more nucleic acids or polypeptide
sequences, refers to two or more sequences that are the same. Two sequences are "substantially
identical" if two sequences have a specified percentage of amino acid residues or nucleotides
that are the same (e.g., 60% identity, optionally 70%, 71%. 72%. 73%, 714%, 75%, 716%, 77%,
78%, 19%, 80%,81%, 82%, 83%, 84%, 85%, 86%, 87%., 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% identity over a specified region, or, when not specified, over
the entire sequence), when compared and aligned for maximum correspondence over a
comparison window, or designated region as measured using one of the following sequence
comparison algorithms or by manual alignment and visual inspection. Optionally, the identity
exists over a region that is at least about 50 nucleotides (or 10 amino acids) in length, or more
preferably over a region that is 100 to 500 or 1000 or more nucleotides (or 20, 50, 200 or more

amino acids) in length.

[00183] For sequence comparison, typically one sequence acts as a reference sequence, to
which test sequences are compared. When using a sequence comparison algorithm, test and
reference sequences are entered into a computer, subsequence coordinates are designated, if
necessary, and sequence algorithm program parameters are designated. Default program
parameters can be used, or alternative parameters can be designated. The sequence comparison
algorithm then calculates the percent sequence identities for the test sequences relative to the
reference sequence, based on the program parameters. Methods of alignment of sequences for
comparison are well known in the art. Optimal alignment of sequences for comparison can be
conducted, e.g., by the local homology algorithm of Smith and Waterman, (1970) Adv. Appl.
Math. 2:482c, by the homology alignment algorithm of Needleman and Wunsch, (1970) J. Mol.
Biol. 48:443, by the search for similarity method of Pearson and Lipman, (1988) Proc. Nat’l.
Acad. Sci. USA 85:2444, by computerized implementations of these algorithms (GAP,
BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software Package, Genetics
Computer Group, 575 Science Dr., Madison, WI), or by manual alignment and visual

inspection (see, e.g., Brent et al., (2003) Current Protocols in Molecular Biology).
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[00184] Two examples of algorithms that are suitable for determining percent sequence
identity and sequence similarity are the BLAST and BLAST 2.0 algorithms, which are
described in Altschul et al., (1977) Nuc. Acids Res. 25:3389-3402; and Altschul et al., (1990) J.
Mol. Biol. 215:403-410, respectively. Software for performing BLAST analyses is publicly

available through the National Center for Biotechnology Information.

[00185] The percent identity between two amino acid sequences can also be determined
using the algorithm of E. Meyers and W. Miller, (1988) Comput. Appl. Biosci. 4:11-17) which
has been incorporated into the ALIGN program (version 2.0), using a PAM120 weight residue
table, a gap length penalty of 12 and a gap penalty of 4. In addition, the percent identity
between two amino acid sequences can be determined using the Needleman and Wunsch
(1970) J. Mol. Biol. 48:444-453) algorithm which has been incorporated into the GAP program
in the GCG software package (available at www.gcg.com), using either a Blossom 62 matrix or
a PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2, 3,
4,5, or 6.

[00186] In one aspect, the present invention contemplates modifications of the starting
antibody or fragment (e.g., scFv) amino acid sequence that generate functionally equivalent
molecules. For example, the VH or VL of an anti-EGFRVIII binding domain, e.g., scFv,
comprised in the CAR can be modified to retain at least about 70%, 71%. 72%. 73%, 74%,
75%, 16%., T7%, 18%., T19%, 80%,81%, 82%. 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, V7%, 98%, 99% identity of the starting VH or VL
framework region of the anti-EGFRVIII binding domain, e.g., scFv. The present invention
contemplates modifications of the entire CAR construct, e.g., modifications in one or more
amino acid sequences of the various domains of the CAR construct in order to generate
functionally equivalent molecules. The CAR construct can be modified to retain at least about
70%, 71%. 72%. 713%., T14%, 15%, 16%, 17%, 18%, 19%, 80%.81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%. 98%, 99% identity of the
starting CAR construct.
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Transmembrane domain

[00187] With respect to the transmembrane domain, in various embodiments, a CAR can be
designed to comprise a transmembrane domain that is attached to the extracellular domain of
the CAR. A transmembrane domain can include one or more additional amino acids adjacent to
the transmembrane region, e.g., one or more amino acid associated with the extracellular region
of the protein from which the transmembrane was derived (e.g., 1,2, 3,4,5,6,7, 8,9, 10 up to
15 amino acids of the extracellular region) and/or one or more additional amino acids
associated with the intracellular region of the protein from which the transmembrane protein is
derived (e.g., 1,2,3,4,5,6,7,8,9, 10 up to 15 amino acids of the intracellular region). In one
aspect, the transmembrane domain is one that is associated with one of the other domains of the
CAR is used. In some instances, the transmembrane domain can be selected or modified by
amino acid substitution to avoid binding of such domains to the transmembrane domains of the
same or different surface membrane proteins, e.g., to minimize interactions with other
members of the receptor complex. In one aspect, the transmembrane domain is capable of
homodimerization with another CAR on the CART cell surface. In a different aspect, the
amino acid sequence of the transmembrane domain may be modified or substituted so as to
minimize interactions with the binding domains of the native binding partner present in the

same CART.

[00188] The transmembrane domain may be derived either from a natural or from a
recombinant source. Where the source is natural, the domain may be derived from any
membrane-bound or transmembrane protein. In one aspect the transmembrane domain is
capable of signaling to the intracellular domain(s) whenever the CAR has bound to a target. A
transmembrane domain of particular use in this invention may include at least the
transmembrane region(s) of e.g., the alpha, beta or zeta chain of the T-cell receptor, CD28,
CD3 epsilon, CD45, CD4, CDS5, CDS, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86,
CD134, CD137, CD154.

[00189] In some instances, the transmembrane domain can be attached to the extracellular
region of the CAR, e.g., the antigen binding domain of the CAR, via a hinge, e.g., a hinge from
a human protein. For example, in one embodiment, the hinge can be a human Ig

(immunoglobulin) hinge, e.g., an IgG4 hinge, or a CD8a hinge. In one embodiment, the hinge
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or spacer comprises (e.g., consists of) the amino acid sequence of SEQ ID NO:14. In one
aspect, the transmembrane domain comprises (e.g., consists of) a transmembrane domain of

SEQ ID NO: 15.

[00190] In one aspect, the hinge or spacer comprises an IgG4 hinge. For example, in one
embodiment, the hinge or spacer comprises a hinge of the amino acid sequence
ESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNW
YVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEK
TISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKM
(SEQ ID NO:104). In some embodiments, the hinge or spacer comprises a hinge encoded by a
nucleotide sequence of
GAGAGCAAGTACGGCCCTCCCTGCCCCCCTTGCCCTGCCCCCGAGTTCCTGGGCGG
ACCCAGCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCCGGA
CCCCCGAGGTGACCTGTGTGGTGGTGGACGTGTCCCAGGAGGACCCCGAGGTCCA
GTTCAACTGGTACGTGGACGGCGTGGAGGTGCACAACGCCAAGACCAAGCCCCGG
GAGGAGCAGTTCAATAGCACCTACCGGGTGGTGTCCGTGCTGACCGTGCTGCACCA
GGACTGGCTGAACGGCAAGGAATACAAGTGTAAGGTGTCCAACAAGGGCCTGCCC
AGCAGCATCGAGAAAACCATCAGCAAGGCCAAGGGCCAGCCTCGGGAGCCCCAGG
TGTACACCCTGCCCCCTAGCCAAGAGGAGATGACCAAGAACCAGGTGTCCCTGAC
CTGCCTGGTGAAGGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAAC
GGCCAGCCCGAGAACAACTACAAGACCACCCCCCCTGTGCTGGACAGCGACGGCA
GCTTCTTCCTGTACAGCCGGCTGACCGTGGACAAGAGCCGGTGGCAGGAGGGCAA
CGTCTTTAGCTGCTCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGA
GCCTGAGCCTGTCCCTGGGCAAGATG (SEQ ID NO:105).

[00191] In one aspect, the hinge or spacer comprises an IgD hinge. For example, in one
embodiment, the hinge or spacer comprises a hinge of the amino acid sequence
RWPESPKAQASSVPTAQPQAEGSLAKATTAPATTRNTGRGGEEKKKEKEKEEQEERET
KTPECPSHTQPLGVYLLTPAVQDLWLRDKATFTCFVVGSDLKDAHLTWEVAGKVPTG
GVEEGLLERHSNGSQSQHSRLTLPRSLWNAGTSVTCTLNHPSLPPQRLMALREPAAQA
PVKLSLNLLASSDPPEAASWLLCEVSGFSPPNILLMWLEDQREVNTSGFAPARPPPQPG
STTFWAWSVLRVPAPPSPQPATYTCVVSHEDSRTLLNASRSLEVSYVTDH (SEQ ID
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NO:106). In some embodiments, the hinge or spacer comprises a hinge encoded by a
nucleotide sequence of
AGGTGGCCCGAAAGTCCCAAGGCCCAGGCATCTAGTGTTCCTACTGCACAGCCCCA
GGCAGAAGGCAGCCTAGCCAAAGCTACTACTGCACCTGCCACTACGCGCAATACT
GGCCGTGGCGGGGAGGAGAAGAAAAAGGAGAAAGAGAAAGAAGAACAGGAAGA
GAGGGAGACCAAGACCCCTGAATGTCCATCCCATACCCAGCCGCTGGGCGTCTATC
TCTTGACTCCCGCAGTACAGGACTTGTGGCTTAGAGATAAGGCCACCTTTACATGT
TTCGTCGTGGGCTCTGACCTGAAGGATGCCCATTTGACTTGGGAGGTTGCCGGAAA
GGTACCCACAGGGGGGGTTGAGGAAGGGTTGCTGGAGCGCCATTCCAATGGCTCT
CAGAGCCAGCACTCAAGACTCACCCTTCCGAGATCCCTGTGGAACGCCGGGACCTC
TGTCACATGTACTCTAAATCATCCTAGCCTGCCCCCACAGCGTCTGATGGCCCTTAG
AGAGCCAGCCGCCCAGGCACCAGTTAAGCTTAGCCTGAATCTGCTCGCCAGTAGTG
ATCCCCCAGAGGCCGCCAGCTGGCTCTTATGCGAAGTGTCCGGCTTTAGCCCGCCC
AACATCTTGCTCATGTGGCTGGAGGACCAGCGAGAAGTGAACACCAGCGGCTTCG
CTCCAGCCCGGCCCCCACCCCAGCCGGGTTCTACCACATTCTGGGCCTGGAGTGTC
TTAAGGGTCCCAGCACCACCTAGCCCCCAGCCAGCCACATACACCTGTGTTGTGTC
CCATGAAGATAGCAGGACCCTGCTAAATGCTTCTAGGAGTCTGGAGGTTTCCTACG
TGACTGACCATT (SEQ ID NO:107).

[00192] In one aspect, the transmembrane domain may be recombinant, in which case it will
comprise predominantly hydrophobic residues such as leucine and valine. In one aspect, a
triplet of phenylalanine, tryptophan and valine can be found at each end of a recombinant

transmembrane domain.

[00193]  Optionally, a short oligo- or polypeptide linker, e.g., between 2 and 10 amino acids
in length, may form the linkage between the transmembrane domain and the cytoplasmic region
of the CAR. A glycine-serine doublet is an example of a suitable linker. For example, in one
aspect, the linker comprises the amino acid sequence of GGGGSGGGGS (SEQ ID NO:108).

In some embodiments, the linker is encoded by a nucleotide sequence of

GGTGGCGGAGGTTCTGGAGGTGGAGGTTCC (SEQ ID NO:109).
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Cytoplasmic domain

[00194] The cytoplasmic domain or region of the CAR includes an intracellular signaling
domain. An intracellular signaling domain is generally responsible for activation of at least one
of the normal effector functions of the immune cell in which the CAR has been introduced. The
term “‘effector 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 “intracellular 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, in many cases it is not
necessary to use the entire chain. To the extent that a truncated portion of the intracellular
signaling domain is used, such truncated portion may be used in place of the intact chain as
long as it transduces the effector function signal. The term intracellular signaling domain is
thus meant to include any truncated portion of the intracellular signaling domain sufficient to

transduce the effector function signal.

[00195] Examples of intracellular signaling domains for use in the CAR of the invention
include the cytoplasmic sequences of the T cell receptor (TCR) and co-receptors that act in
concert to initiate signal transduction following antigen receptor engagement, as well as any
derivative or variant of these sequences and any recombinant sequence that has the same

functional capability.

[00196] Itis known that signals generated through the TCR alone are insufficient for full
activation of the T cell and that a secondary and/or costimulatory signal is also required. Thus,
T cell activation can be said to be mediated by two distinct classes of cytoplasmic signaling
sequences: those that initiate antigen-dependent primary activation through the TCR (primary
intracellular signaling domains) and those that act in an antigen-independent manner to provide
a secondary or costimulatory signal (secondary cytoplasmic signaling domain, e.g., a

costimulatory domain).

[00197] A primary signaling domain regulates primary activation of the TCR complex either
in a stimulatory way, or in an inhibitory way. Primary intracellular signaling domains that act
in a stimulatory manner may contain signaling motifs which are known as immunoreceptor

tyrosine-based activation motifs or ITAMs.
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[00198] Examples of ITAM containing primary intracellular signaling domains that are of
particular use in the invention include those of TCR zeta, FcR gamma, FcR beta, CD3 gamma,
CD3 delta, CD3 epsilon, CDS5, CD22, CD79a, CD79b, and CD66d. In one embodiment, a
CAR of the invention, e.g., a CAR selected from the group consisting of SEQ ID NO:43, SEQ
ID NO:49, SEQ ID NO:55, SEQ ID NO:61, SEQ ID NO:67, SEQ ID NO:73, SEQ ID NO:79,
and SEQ ID NO:85, comprises a intracellular signaling domain, e.g., a primary signaling
domain, of CD3-zeta. In one embodiment, a primary signaling domain comprises a modified
ITAM domain, e.g., a mutated ITAM domain which has altered (e.g., increased or decreased)
activity as compared to the native ITAM domain. In one embodiment, a primary signaling
domain comprises a modified ITAM-containing primary intracellular signaling domain, e.g., an
optimized and/or truncated ITAM-containing primary intracellular signaling domain. In an
embodiment, a primary signaling domain comprises one, two, three, four or more ITAM

motifs.

[00199]  The intracellular signaling domain of the CAR can comprise the CD3-zeta signaling
domain by itself or it can be combined with any other desired intracellular signaling domain(s)
useful in the context of a CAR of the invention. For example, the intracellular signaling domain
of the CAR can comprise a CD3 zeta chain portion and a costimulatory signaling domain. The
costimulatory signaling domain refers to a portion of the CAR comprising the intracellular
domain of a costimulatory molecule. A costimulatory molecule is a cell surface molecule other
than an antigen receptor or its ligands that is required for an efficient response of lymphocytes
to an antigen. Examples of such molecules include CD27, CD28, 4-1BB (CD137), 0OX40,
CD30, CD40, PD-1, ICOS, lymphocyte function-associated antigen-1 (LFA-1), CD2, CD7,
LIGHT, NKG2C, B7-H3, and a ligand that specifically binds with CD83, and the like. For
example, CD27 costimulation has been demonstrated to enhance expansion, effector function,
and survival of human CART cells in vitro and augments human T cell persistence and

antitumor activity in vivo (Song et al. Blood. 2012; 119(3):696-706).

[00200]  The intracellular signaling sequences within the cytoplasmic portion of a CAR of
the invention may be linked to each other in a random or specified order. Optionally, a short
oligo- or polypeptide linker, for example, between 2 and 10 amino acids (e.g., 2, 3,4, 5,6, 7, 8,

9, or 10 amino acids) in length may form the linkage between intracellular signaling sequence.
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In one embodiment, a glycine-serine doublet can be used as a suitable linker. In one

embodiment, a single amino acid, e.g., an alanine, a glycine, can be used as a suitable linker.

[00201]  In one aspect, the intracellular signaling domain is designed to comprise two or
more, €.g., 2, 3, 4, 5, or more, costimulatory signaling domains. In an embodiment, the two or
more, €.g., 2, 3, 4, 5, or more, costimulatory signaling domains, are separated by a linker
molecule, e.g., a linker molecule described herein. In one embodiment, the intracellular
signaling domain comprises two costimulatory signaling domains. In some embodiments, the

linker molecule is a glycine residue. In some embodiments, the linker is an alanine residue.

[00202] In one aspect, the intracellular signaling domain is designed to comprise the
signaling domain of CD3-zeta and the signaling domain of CD28. In one aspect, the
intracellular signalling domain is designed to comprise the signaling domain of CD3-zeta and
the signaling domain of 4-1BB. In one aspect, the signaling domain of 4-1BB is a signaling
domain of SEQ ID NO: 16. In one aspect, the signaling domain of CD3-zeta is a signaling
domain of SEQ ID NO: 17.

[00203]  In one aspect, the intracellular signaling domain is designed to comprise the
signaling domain of CD3-zeta and the signaling domain of CD27. In one aspect, the signaling
domain of CD27 comprises an amino acid sequence of
QRRKYRSNKGESPVEPAEPCRYSCPREEEGSTIPIQEDYRKPEPACSP (SEQ ID NO:102).
In one aspect, the signalling domain of CD27 is encoded by a nucleic acid sequence of
AGGAGTAAGAGGAGCAGGCTCCTGCACAGTGACTACATGAACATGACTCCCCGCC
GCCCCGGGCCCACCCGCAAGCATTACCAGCCCTATGCCCCACCACGCGACTTCGCA
GCCTATCGCTCC (SEQ ID NO:103).

[00204] In one aspect, the CAR-expressing cell described herein can further comprise a
second CAR, e.g., a second CAR that includes a different antigen binding domain, e.g., to the
same target (EGFRVIII) or a different target.

[00205]  In another aspect, the present invention provides a population of CAR-expressing
cells, e.g., CART cells. In some embodiments, the population of CAR-expressing cells
comprises a mixture of cells expressing different CARs. For example, in one embodiment, the
population of CART cells can include a first cell expressing a CAR having an anti-EGFRvIII

binding domain described herein, and a second cell expressing a CAR having a different anti-
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EGFRVIII binding domain, e.g., an anti-EGFRVIII binding domain described herein that difters
from the anti-EGFRvVIII binding domain in the CAR expressed by the first cell. As another
example, the population of CAR-expressing cells can include a first cell expressing a CAR that
includes an anti-EGFRVIII binding domain, e.g., as described herein, and a second cell
expressing a CAR that includes an antigen binding domain to a target other than EGFRvVIIIL. In
one embodiment, the population of CAR-expressing cells includes, e.g., a first cell expressing a
CAR that includes a primary intracellular signaling domain, and a second cell expressing a

CAR that includes a secondary signaling domain.

[00206]  In another aspect, the present invention provides a population of cells wherein at
least one cell in the population expresses a CAR having an anti-EGFRvIII domain described
herein, and a second cell expressing another agent, e.g., an agent which enhances the activity of
a CAR-expressing cell. For example, in one embodiment, the agent can be an agent which
inhibits an inhibitory molecule. Inhibitory molecules, e.g., PD1, can, in some embodiments,
decrease the ability of a CAR-expressing cell to mount an immune effector response.

Examples of inhibitory molecules include PD1, PD-L1, CTLA4, TIM3, LAG3, VISTA, BTLA,
TIGIT, LAIR1, CD160, 2B4 and TGFR beta.

RNA Transfection

[00207]  Disclosed herein are methods for producing an in vitro transcribed RNA CAR. The
present invention also includes a CAR encoding RNA construct that can be directly transfected
into a cell. A method for generating mRNA for use in transfection can involve in vitro
transcription (IVT) of a template with specially designed primers, followed by polyA addition,
to produce a construct containing 3' and 5' untranslated sequence (“UTR”), a 5' cap and/or
Internal Ribosome Entry Site (IRES), the nucleic acid to be expressed, and a polyA tail,
typically 50-2000 bases in length (SEQ ID NO: 116). RNA so produced can efficiently

transfect different kinds of cells. In one aspect, the template includes sequences for the CAR.

[00208] In one aspect the EGFRVIII CAR is encoded by a messenger RNA (mRNA). In one
aspect the mRNA encoding the EGFRVIII CAR is introduced into a T cell for production of a
CART cell.
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[00209] In one embodiment, the in vitro transcribed RNA CAR can be introduced to a cell as
a form of transient transfection. The RNA is produced by in vitro transcription using a
polymerase chain reaction (PCR)-generated template. DNA of interest from any source can be
directly converted by PCR into a template for in vitro mRNA synthesis using appropriate
primers and RNA polymerase. The source of the DNA can be, for example, genomic DNA,
plasmid DNA, phage DNA, cDNA, synthetic DNA sequence or any other appropriate source of
DNA. The desired temple for in vitro transcription is a CAR of the present invention. For
example, the template for the RNA CAR comprises an extracellular region comprising a single
chain variable domain of an anti-tumor antibody; a hinge region, a transmembrane domain
(e.g., a transmembrane domain of CD8a); and a cytoplasmic region that includes an
intracellular signaling domain, e.g., comprising the signaling domain of CD3-zeta and the

signaling domain of 4-1BB.

[00210] 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 nucleic acid can include some or all of the 5" and/or 3' untranslated
regions (UTRs). The nucleic acid can include exons and introns. In one embodiment, the DNA
to be used for PCR is a human nucleic acid sequence. In another embodiment, the DNA to be
used for PCR is a human nucleic acid sequence including the 5" and 3' UTRs. The DNA can
alternatively be an artificial DNA sequence that is not normally expressed in a naturally
occurring organism. An exemplary artificial DNA sequence is 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.

[00211] PCR is used to generate a template for in vitro transcription of mRNA which is used
for transfection. Methods for performing PCR are well known in the art. Primers for use in
PCR are designed to have regions that are substantially complementary to regions of the DNA
to be used as a template for the PCR. “Substantially complementary,” as used herein, refers to
sequences of nucleotides where a majority or all of the bases in the primer sequence are
complementary, or one or more bases are non-complementary, 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
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complementary to any portion of the DNA template. For example, the primers can be designed
to amplify the portion of a nucleic acid that is 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
nucleic acid that encodes a particular domain of interest. In one embodiment, the primers are
designed to amplify the coding region of a human cDNA, including all or portions of the 5" and
3' UTRs. Primers useful for PCR can be generated by synthetic methods that are well known in
the art. “Forward primers” are primers that contain a region of nucleotides that are substantially
complementary to nucleotides on the DNA template that are upstream of the DNA sequence
that is to be amplified. “Upstream” is 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 is to be amplified. “Downstream” is used herein

to refer to a location 3' to the DNA sequence to be amplified relative to the coding strand.

[00212] Any DNA polymerase useful for PCR can be used in the methods disclosed herein.

The reagents and polymerase are commercially available from a number of sources.

[00213]  Chemical structures with the ability to promote stability and/or translation efficiency
may also be used. The RNA preferably has 5' and 3' UTRs. In one embodiment, the 5' UTR is
between one and 3000 nucleotides in length. The length of 5" and 3' UTR sequences to be
added to the coding region can be altered by different methods, including, but not limited to,
designing primers for PCR that anneal to different regions of the UTRs. Using this approach,
one of ordinary skill in the art can modify the 5' and 3' UTR lengths required to achieve optimal

translation efficiency following transfection of the transcribed RNA.

[00214] The 5" and 3' UTRs can be the naturally occurring, endogenous 5" and 3' UTRs for
the nucleic acid of interest. Alternatively, UTR sequences that are not endogenous to the
nucleic acid of interest can be added by incorporating the UTR sequences into the forward and
reverse primers or by any other modifications of the template. The use of UTR sequences that
are not endogenous to the nucleic acid of interest can be useful for modifying the stability
and/or translation efficiency of the RNA. For example, it is known that AU-rich elements in 3'

UTR sequences can decrease the stability of mRNA. Therefore, 3' UTRs can be selected or
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designed to increase the stability of the transcribed RNA based on properties of UTRs that are

well known in the art.

[00215] In one embodiment, the 5' UTR can contain the Kozak sequence of the endogenous
nucleic acid. Alternatively, when a 5' UTR that is not endogenous to the nucleic acid of interest
is 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 efficiency of translation of
some RNA transcripts, but does not appear to be required for all RNAs to enable efficient
translation. The requirement for Kozak sequences for many mRNAs is known in the art. In
other embodiments the 5' UTR can be 5’UTR of an RNA virus whose RNA genome is stable in
cells. In other embodiments various nucleotide analogues can be used in the 3' or 5' UTR to

impede exonuclease degradation of the mRNA.

[00216] To enable synthesis of RNA from a DNA template without the need for gene
cloning, a promoter of transcription 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 is added to the 5' end of the forward primer, the RNA polymerase promoter
becomes incorporated into the PCR product upstream of the open reading frame that is to be
transcribed. In one preferred embodiment, the promoter is a T7 polymerase promoter, as
described elsewhere herein. Other useful promoters include, but are not limited to, T3 and SP6
RNA polymerase promoters. Consensus nucleotide sequences for T7, T3 and SP6 promoters

are known in the art.

[00217]  In a preferred embodiment, the mRNA has both a cap on the 5' end and a 3' poly(A)
tail which determine ribosome binding, initiation of translation and stability mRNA in the cell.
On a circular DNA template, for instance, plasmid DNA, RNA polymerase produces a long
concatameric product which is not suitable for expression in eukaryotic cells. The transcription
of plasmid DNA linearized at the end of the 3' UTR results in normal sized mRNA which is not

effective in eukaryotic transfection even if it is polyadenylated after transcription.

[00218]  On a linear DNA template, phage T7 RNA polymerase can extend the 3' end of the
transcript beyond the last base of the template (Schenborn and Mierendorf, Nuc Acids Res.,
13:6223-36 (1985); Nacheva and Berzal-Herranz, Eur. J. Biochem., 270:1485-65 (2003).
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[00219]  The conventional method of integration of polyA/T stretches into a DNA template is
molecular cloning. However polyA/T sequence integrated into plasmid DNA can cause plasmid
instability, which is why plasmid DNA templates obtained from bacterial cells are often highly
contaminated with deletions and other aberrations. This makes cloning procedures not only
laborious and time consuming but often not reliable. That is why a method which allows

construction of DNA templates with polyA/T 3' stretch without cloning highly desirable.

[00220]  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 100T tail (SEQ ID NO: 117)
(size can be 50-5000 T (SEQ ID NO: 118)), 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 positively correlates
with the stability of the transcribed RNA. In one embodiment, the poly(A) tail is between 100
and 5000 adenosines (SEQ ID NO: 119).

[00221]  Poly(A) tails of RNAs can be further extended following in 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 (SEQ ID NQO: 120) results in about a two-fold increase in the translation
efficiency 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 incorporated into the
poly(A) tail using poly(A) polymerase. ATP analogs can further increase the stability of the
RNA.

[00222]  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 is provided using
techniques known in the art and described herein (Cougot, et al., Trends in Biochem. Sci.,
29:436-444 (2001); Stepinski, et al., RNA, 7:1468-95 (2001); Elango, et al., Biochim. Biophys.
Res. Commun., 330:958-966 (2005)).

[00223] The RNAs produced by the methods disclosed herein can also contain an internal
ribosome entry site (IRES) sequence. The IRES sequence may be any viral, chromosomal or

artificially designed sequence which initiates cap-independent ribosome binding to mRNA and
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facilitates the initiation of translation. Any solutes suitable for cell electroporation, which can
contain factors facilitating cellular permeability and viability such as sugars, peptides, lipids,

proteins, antioxidants, and surfactants can be included.

[00224] RNA can be introduced into target cells using any of a number of different methods,
for instance, commercially available methods which include, but are not limited to,
electroporation (Amaxa Nucleofector-II (Amaxa Biosystems, Cologne, Germany)), (ECM 830
(BTX) (Harvard Instruments, Boston, Mass.) or the Gene Pulser 1I (BioRad, Denver, Colo.),
Multiporator (Eppendort, Hamburg Germany), cationic liposome mediated transfection using
lipofection, polymer encapsulation, peptide mediated transfection, or biolistic particle delivery
systems such as “gene guns” (see, for example, Nishikawa, et al. Hum Gene Ther., 12(8):861-

70 (2001).

Nucleic Acid Constructs Encoding a CAR

[00225] The present invention provides nucleic acid molecules encoding one or more CAR
constructs described herein. In one aspect, the nucleic acid molecule is provided as a
messenger RNA transcript. In one aspect, the nucleic acid molecule is provided as a DNA

construct.

[00226]  Accordingly, in one aspect, the invention pertains to an isolated nucleic acid
molecule encoding a chimeric antigen receptor (CAR), wherein the CAR comprises a anti-
EGFRVIII binding domain (e.g., a humanized anti-EGFRVIII binding domain), a
transmembrane domain, and an intracellular signaling domain comprising a stimulatory
domain, e.g., a costimulatory signaling domain and/or a primary signaling domain, e.g., zeta
chain. In one embodiment, the anti-EGFRVIII binding domain is an anti-EGFRVIII binding
domain described herein, e.g., an anti-EGFRVIII binding domain which comprises a sequence
selected from a group consisting of SEQ ID NO:38, SEQ ID NO:44, SEQ ID NO:50, SEQ ID
NO:56, SEQ ID NO:62, SEQ ID NO:68, SEQ ID NO:74, and SEQ ID NO:80, or a sequence
with 95-99% identify thereof. In one embodiment, the isolated nucleic acid molecule further
comprises a sequence encoding a costimulatory domain. In one embodiment, the costimulatory
domain is a functional signaling domain of a protein selected from the group consisting of

0X40, CD27, CD28, CDS, ICAM-1, LFA-1 (CD11a/CD18), ICOS (CD278), and 4-1BB
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(CD137). In one embodiment, the costimulatory domain comprises a sequence of SEQ ID
NO:16, or a sequence with 95-99% identity thereof. In one embodiment, the transmembrane
domain is transmembrane domain of a protein selected from the group consisting of the alpha,
beta or zeta chain of the T-cell receptor, CD28, CD3 epsilon, CD45, CD4, CD5, CDS, CD9,
CDl16, CD22, CD33, CD37, CD64, CD80, CD86, CD134, CD137 and CD154. In one
embodiment, the transmembrane domain comprises a sequence of SEQ ID NO: 15, or a
sequence with 95-99% identity thereof. In one embodiment, the intracellular signaling domain
comprises a functional signaling domain of 4-1BB and a functional signaling domain of CD3
zeta. In one embodiment, the intracellular signaling domain comprises the sequence of SEQ ID
NO: 16 or SEQ ID NO:102, or a sequence with 95-99% identity thereof, and the sequence of
SEQ ID NO: 17 or SEQ ID NO:99, or a sequence with 95-99% identity thereof, wherein the
sequences comprising the intracellular signaling domain are expressed in the same frame and as
a single polypeptide chain. In one embodiment, the anti-EGFRVIII binding domain is
connected to the transmembrane domain by a hinge region, e.g., a hinge described herein. In
one embodiment, the hinge region comprises SEQ ID NO:14 or SEQ ID NO:104 or SEQ ID
NO:106 or SEQ ID NO:108, or a sequence with 95-99% identity thereof.

[00227]  In another aspect, the invention pertains to an isolated nucleic acid molecule
encoding a CAR construct comprising a leader sequence of SEQ ID NO: 13, a scFv domain
having a sequence selected from the group consisting of SEQ ID NO:38, SEQ ID NO:44, SEQ
ID NO:50, SEQ ID NO:56, SEQ ID NO:62, SEQ ID NO:68, SEQ ID NO:74, SEQ ID NO:80,
and SEQ ID NO:86 (or a sequence with 95-99% identify thereof), a hinge region of SEQ ID
NO:14 or SEQ ID NO:104 or SEQ ID NO:106 or SEQ ID NO:108 (or a sequence with 95-99%
identity thereof), a transmembrane domain having a sequence of SEQ ID NO: 15 (or a
sequence with 95-99% identity thereof), a 4-1BB costimulatory domain having a sequence of
SEQ ID NO:16 or a CD27 costimulatory domain having a sequence of SEQ ID NO:102 (or a
sequence with 95-99% identity thereof), and a CD3 zeta stimulatory domain having a sequence

of SEQ ID NO:17 or SEQ ID NO:99 (or a sequence with 95-99% identity thereof).

[00228] In another aspect, the invention pertains to an isolated polypeptide molecule
encoded by the nucleic acid molecule. In one embodiment, the isolated polypeptide molecule
comprises a sequence selected from the group consisting of SEQ ID NO:43, SEQ ID NO:49,
SEQ ID NO:55, SEQ ID NO:61, SEQ ID NO:67, SEQ ID NO:73, SEQ ID NO:79, SEQ ID
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NO:85, and SEQ ID NO:90 or a sequence with 95-99% identity thereof. In one embodiment,
the isolated polypeptide comprises a sequence of SEQ ID NO:73, or a sequence with 95-99%
identify thereof. In one embodiment, the isolated polypeptide comprises a sequence of SEQ ID

NO:79, or a sequence with 95-99% identify thereof.

[00229]  In another aspect, the invention pertains to a nucleic acid molecule encoding a
chimeric antigen receptor (CAR) molecule that comprises an anti-EGFRVIII binding domain, a
transmembrane domain, and an intracellular signaling domain comprising a stimulatory
domain, and wherein said anti-EGFRvVIII binding domain comprises a sequence selected from
the group consisting of SEQ ID NO:38, SEQ ID NO:44, SEQ ID NO:50, SEQ ID NO:56, SEQ
ID NO:62, SEQ ID NO:68, SEQ ID NO:74, SEQ ID NO:80, and SEQ ID NO:86, or a sequence
with 95-99% identify thereof.

[00230] In one embodiment, the encoded CAR molecule further comprises a sequence
encoding a costimulatory domain. In one embodiment, the costimulatory domain is a
functional signaling domain of a protein selected from the group consisting of OX40, CD27,
CD28, CDS, ICAM-1, LFA-1 (CD11a/CD18) and 4-1BB (CD137). In one embodiment, the
costimulatory domain comprises a sequence of SEQ ID NO:16. In one embodiment, the
transmembrane domain is a transmembrane domain of a protein selected from the group
consisting of the alpha, beta or zeta chain of the T-cell receptor, CD28, CD3 epsilon, CD45,
CD4, CD5, CD§, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86, CD134, CD137 and
CD154. In one embodiment, the transmembrane domain comprises a sequence of SEQ ID
NO:15. In one embodiment, the intracellular signaling domain comprises a functional signaling
domain of 4-1BB and a functional signaling domain of zeta. In one embodiment, the
intracellular signaling domain comprises the sequence of SEQ ID NO: 16 and the sequence of
SEQ ID NO: 17, wherein the sequences comprising the intracellular signaling domain are
expressed in the same frame and as a single polypeptide chain. In one embodiment, the anti-
EGFRVIII binding domain is connected to the transmembrane domain by a hinge region. In one
embodiment, the hinge region comprises SEQ ID NO:14. In one embodiment, the hinge region

comprises SEQ ID NO:104 or SEQ ID NO:106 or SEQ ID NO:108

[00231] In another aspect, the invention pertains to an encoded CAR molecule comprising a

leader sequence of SEQ ID NO: 13, a scFv domain having a sequence selected from the group
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consisting of SEQ ID NO:38, SEQ ID NO:44, SEQ ID NO:50, SEQ ID NO:56, SEQ ID
NO:62, SEQ ID NO:68, SEQ ID NO:74, SEQ ID NO:80, and SEQ ID NO:86, or a sequence
with 95-99% identify thereof, a hinge region of SEQ ID NO:14 or SEQ ID NO:104 or SEQ ID
NO:106 or SEQ ID NO:108, a transmembrane domain having a sequence of SEQ ID NO: 15, a
4-1BB costimulatory domain having a sequence of SEQ ID NO:16 or a CD27 costimulatory
domain having a sequence of SEQ ID NO:102, and a CD3 zeta stimulatory domain having a
sequence of SEQ ID NO:17 or SEQ ID NO:99. In one embodiment, the encoded CAR
molecule comprises a sequence selected from a group consisting of SEQ ID NO:43, SEQ ID
NO:49, SEQ ID NO:55, SEQ ID NO:61, SEQ ID NO:67, SEQ ID NO:73, SEQ ID NO:79,
SEQ ID NO:85, and SEQ ID NO:90, or a sequence with 95-99% identify thereof. In one
embodiment, the encoded CAR molecule comprises a sequence of SEQ ID NO:73, or a
sequence with 95-99% identify thereof. In one embodiment, the isolated CAR molecule

comprises a sequence of SEQ ID NO:79, or a sequence with 95-99% identify thereof.

[00232]  The nucleic acid sequences coding for the desired molecules can be obtained using
recombinant methods known in 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
isolating directly from cells and tissues containing the same, using standard techniques.

Alternatively, the gene of interest can be produced synthetically, rather than cloned.

[00233] The present invention also provides vectors in which a DNA of the present
invention is inserted. Vectors derived from retroviruses such as the lentivirus are suitable tools
to achieve long-term gene transfer since they allow long-term, stable integration of a transgene
and its propagation in 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.

[00234] In brief summary, the expression of natural or synthetic nucleic acids encoding
CARs is typically achieved by operably linking a nucleic acid encoding the CAR polypeptide
or portions thereof to a promoter, and incorporating the construct into an expression vector. The

vectors can be suitable for replication and integration eukaryotes. Typical cloning vectors
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contain transcription and translation terminators, initiation sequences, and promoters useful for

regulation of the expression of the desired nucleic acid sequence.

[00235] The expression constructs of the present invention 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 in their entireties. In another embodiment, the invention

provides a gene therapy vector.

[00236] 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 cosmid. Vectors of particular interest include

expression vectors, replication vectors, probe generation vectors, and sequencing vectors.

[00237] Further, the expression vector may be provided to a cell in the form of a viral
vector. Viral vector technology is well known in the art and is described, for example, in
Sambrook et al. (2001, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor
Laboratory, New York), and in 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 contains an
origin of replication functional in at least one organism, a promoter sequence, convenient
restriction endonuclease sites, and one or more selectable markers, (e.g., WO 01/96584; WO

01/29058; and U.S. Pat. No. 6,326,193).

[00238] A number of viral based systems have been developed for gene transfer into
mammalian cells. For example, retroviruses provide a convenient platform for gene delivery
systems. A selected gene can be inserted into a vector and packaged in retroviral particles using
techniques known in the art. The recombinant virus can then be isolated and delivered to cells
of the subject either in vivo or ex vivo. A number of retroviral systems are known in the art. In
some embodiments, adenovirus vectors are used. A number of adenovirus vectors are known in

the art. In one embodiment, lentivirus vectors are used.

[00239] Additional promoter elements, e.g., enhancers, regulate the frequency of
transcriptional initiation. Typically, these are located in the region 30-110 bp upstream of the

start site, although a number of promoters have recently been shown to contain functional
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elements downstream of the start site as well. The spacing between promoter elements
frequently is flexible, so that promoter function is 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, it appears that individual elements can function either cooperatively or

independently to activate transcription.

[00240] One example of a suitable promoter is the immediate early cytomegalovirus
(CMV) promoter sequence. This promoter sequence is 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 is Elongation Growth Factor -1a (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 (LTR) promoter, MoMuLV promoter, an
avian leukemia virus promoter, an Epstein-Barr virus immediate 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 contemplated as part of the invention. The use of an inducible promoter
provides a molecular switch capable of turning on expression of the polynucleotide sequence
which it is operatively linked when such expression is desired, or turning off the expression
when expression is not desired. Examples of inducible promoters include, but are not limited to
a metallothionine promoter, a glucocorticoid promoter, a progesterone promoter, and a

tetracycline promoter.

[00241] In order to assess the expression of a CAR polypeptide 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 identification and selection of expressing cells from the
population of cells sought to be transfected 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- transfection
procedure. Both selectable markers and reporter genes may be flanked with appropriate
regulatory sequences to enable expression in the host cells. Useful selectable markers include,

for example, antibiotic-resistance genes, such as neo and the like.
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[00242] Reporter genes are used for identifying potentially transfected cells and for
evaluating the functionality of regulatory sequences. In general, a reporter gene is a gene that is
not present in or expressed by the recipient organism or tissue and that encodes a polypeptide
whose expression is manifested by some easily detectable property, €.g., enzymatic activity.
Expression of the reporter gene is 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-Tei 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 is identified 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.

[00243] Methods of introducing and expressing genes into a cell are known in the art. In
the context of an expression vector, the vector can be readily introduced into a host cell, e.g.,
mammalian, bacterial, yeast, or insect cell by any method in the art. For example, the

expression vector can be transferred into a host cell by physical, chemical, or biological means.

[00244] Physical methods for introducing a polynucleotide into a host cell include
calcium phosphate precipitation, lipofection, particle bombardment, microinjection,
electroporation, and the like. Methods for producing cells comprising vectors and/or exogenous
nucleic acids are well-known in 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 into a host cell is calcium phosphate

transfection.

[00245] Biological methods for introducing a polynucleotide of interest into a host cell
include the use of DNA and RNA 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 5,585,362.
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[00246] 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-in-water emulsions, micelles, mixed micelles, and
liposomes. An exemplary colloidal system for use as a delivery vehicle in vitro and in vivo is a

liposome (e.g., an artificial membrane vesicle).

[00247] In the case where a non-viral delivery system is utilized, an exemplary delivery
vehicle is a nanoparticle, e.g., a liposome or other suitable sub-micron sized delivery system.
The use of lipid formulations is contemplated for the introduction of the nucleic acids into a
host cell (in vitro, ex vivo or in vivo). In another aspect, the nucleic acid may be associated
with a lipid. The nucleic acid associated with a lipid may be encapsulated in the aqueous
interior of a liposome, interspersed within the lipid bilayer of a liposome, attached to a
liposome via a linking molecule that is associated with both the liposome and the
oligonucleotide, entrapped in a liposome, complexed with a liposome, dispersed in a solution
containing a lipid, mixed with a lipid, combined with a lipid, contained as a suspension in a
lipid, contained or complexed with a micelle, or otherwise associated with a lipid. Lipid,
lipid/DNA or lipid/expression vector associated compositions are not limited to any particular
structure in solution. For example, they may be present in a bilayer structure, as micelles, or
with a “collapsed” structure. They may also simply be interspersed in a solution, possibly
forming aggregates that are not uniform in 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 in 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.

[00248] Lipids suitable for use can be obtained from commercial sources. For example,
dimyristyl phosphatidylcholine (“DMPC”) can be obtained from Sigma, St. Louis, MO; dicetyl
phosphate (“DCP”) can be obtained from K & K Laboratories (Plainview, NY); cholesterol
(““Choi”) can be obtained from Calbiochem-Behring; dimyristyl phosphatidylglycerol
(“DMPG”) and other lipids may be obtained from Avanti Polar Lipids, Inc. (Birmingham, AL).
Stock solutions of lipids in chloroform or chloroform/methanol can be stored at about -20°C.

Chloroform is used as the only solvent since it is more readily evaporated than methanol.
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“Liposome” is a generic term encompassing a variety of single and multilamellar lipid vehicles
formed by the generation 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 in an excess of aqueous
solution. The lipid components undergo self-rearrangement before the formation of closed
structures and entrap water and dissolved solutes between the lipid bilayers (Ghosh et al., 1991
Glycobiology 5: 505-10). 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

contemplated are lipofectamine-nucleic acid complexes.

[00249]  Regardless of the method used to introduce exogenous nucleic acids into a host cell
or otherwise expose a cell to the inhibitor of the present invention, in order to confirm the
presence of the recombinant DNA sequence in the host cell, a variety of assays may be
performed. Such assays include, for example, “molecular biological” assays well known to
those of skill in the art, such as Southern and Northern blotting, RT-PCR and PCR;
“biochemical” assays, such as detecting the presence or absence of a particular peptide, e.g., by
immunological means (ELISAs and Western blots) or by assays described herein to identify

agents falling within the scope of the invention.

[00250] The present invention further provides a vector comprising a CAR encoding nucleic
acid molecule. In one aspect, a CAR vector can be directly transduced into a cell, e.g., a T cell.
In one aspect, the vector is a cloning or expression vector, e.g., a vector including, but not
limited to, one or more plasmids (e.g., expression plasmids, cloning vectors, minicircles,
minivectors, double minute chromosomes), retroviral and lentiviral vector constructs. In one
aspect, the vector is capable of expressing the CAR construct in mammalian T cells. In one

aspect, the mammalian T cell is a human T cell.

Sources of T cells

[00251] Prior to expansion and genetic modification, a source of T cells is obtained from a

subject. The term “subject” is intended to include living organisms in which an immune
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response can be elicited (e.g., mammals). Examples of subjects include humans, dogs, cats,
mice, rats, and transgenic species thereof. 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 effusion, spleen tissue, and
tumors. In certain aspects of the present invention, any number of T cell lines available in the
art, may be used. In certain aspects 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 aspect, cells from the circulating blood of an
individual are obtained by apheresis. The apheresis product typically contains lymphocytes,
including T cells, monocytes, granulocytes, B cells, other nucleated white blood cells, red
blood cells, and platelets. In one aspect, the cells collected by apheresis may be washed to
remove the plasma fraction and to place the cells in an appropriate buffer or media for
subsequent processing steps. In one aspect of the invention, the cells are washed with
phosphate buffered saline (PBS). In an alternative aspect, the wash solution lacks calcium and
may lack magnesium or may lack many if not all divalent cations. Initial activation steps in the
absence of calcium can lead to magnified activation. As those of ordinary skill in the art would
readily appreciate a washing step may be accomplished by methods known to those in the art,
such as by using a semi-automated “flow-through” centrifuge (for example, the Cobe 2991 cell
processor, the Baxter CytoMate, or the Haemonetics Cell Saver 5) according to the
manufacturer’s instructions. After washing, the cells may be resuspended in a variety of
biocompatible buffers, such as, for example, Ca-free, Mg-free PBS, Plasmal.yte A, or other
saline solution with or without buffer. Alternatively, the undesirable components of the

apheresis sample may be removed and the cells directly resuspended in culture media.

[00252] 1In one aspect, T cells are isolated from peripheral blood lymphocytes by lysing the
red blood cells and depleting the monocytes, for example, by centrifugation through a
PERCOLLTM gradient or by counterflow centrifugal elutriation. A specific subpopulation of T
cells, such as CD3+, CD28+, CD4+, CD8+, CD45RA+, and CD45RO+T cells, can be further
isolated by positive or negative selection techniques. For example, in one aspect, T cells are
isolated by incubation with anti-CD3/anti-CD28 (e.g., 3x28)-conjugated beads, such as
DYNABEADS® M-450 CD3/CD28 T, for a time period sufficient for positive selection of the

desired T cells. In one aspect, the time period is about 30 minutes. In a further aspect, the time
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period ranges from 30 minutes to 36 hours or longer and all integer values there between. In a
further aspect, the time period is at least 1, 2, 3, 4, 5, or 6 hours. In yet another preferred aspect,
the time period is 10 to 24 hours. In one aspect, the incubation time period is 24 hours. Longer
incubation times may be used to isolate T cells in any situation where there are few T cells as
compared to other cell types, such in isolating tumor infiltrating lymphocytes (TIL) from tumor
tissue or from immunocompromised individuals. Further, use of longer incubation times can
increase the efficiency of capture of CD8+ T cells. Thus, by simply shortening 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. Additionally, by increasing or decreasing the ratio of anti-CD3 and/or anti-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 in the context of this
invention. In certain aspects, it may be desirable to perform the selection procedure and use the
“unselected” cells in the activation and expansion process. “Unselected” cells can also be

subjected to further rounds of selection.

[00253] Enrichment of a T cell population by negative selection can be accomplished with a
combination of antibodies directed to surface markers unique to the negatively selected cells.
One method is cell sorting and/or selection via negative magnetic immunoadherence or flow
cytometry that uses a cocktail of monoclonal antibodies directed to cell surface markers present
on the cells negatively selected. For example, to enrich for CD4+ cells by negative selection, a
monoclonal antibody cocktail typically includes antibodies to CD14, CD20, CD11b, CD16,
HLA-DR, and CDS8. In certain aspects, it may be desirable to enrich for or positively select for
regulatory T cells which typically express CD4+, CD25+, CD62Lhi, GITR+, and FoxP3+.
Alternatively, in certain aspects, T regulatory cells are depleted by anti-C25 conjugated beads

or other similar method of selection.

[00254] In one embodiment, a T cell population can be selected that expresses one or more
of IFN-7, TNFa, IL-17A, IL-2, IL-3, IL-4, GM-CSF, IL-10, IL-13, granzyme B, and perforin,
or other appropriate molecules, e.g., other cytokines. Methods for screening for cell expression

can be determined, e.g., by the methods described in PCT Publication No.: WO 2013/126712.
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[00255] For isolation 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
aspects, it may be desirable to significantly decrease the volume in which beads and cells are
mixed together (e.g., increase the concentration of cells), to ensure maximum contact of cells
and beads. For example, in one aspect, a concentration of 2 billion cells/ml is used. In one
aspect, a concentration of 1 billion cells/ml is used. In a further aspect, greater than 100 million
cells/ml is used. In a further aspect, a concentration of cells of 10, 15, 20, 25, 30, 35, 40, 45, or
50 million cells/ml is used. In yet one aspect, a concentration of cells from 75, 80, 85, 90, 95, or
100 million cells/ml is used. In further aspects, 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 efficient 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 (e.g., 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.

[00256] In arelated aspect, it may be desirable to use lower concentrations of cells. By
significantly diluting the mixture of T cells and surface (e.g., particles such as beads),
interactions between the particles and cells is 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 efficiently captured than CD8+ T cells in dilute
concentrations. In one aspect, the concentration of cells used is 5 X 10%ml. In other aspects, the
concentration used can be from about 1 X 10°/ml to 1 X 10%ml, and any integer value in

between.

[00257] In other aspects, the cells may be incubated on a rotator for varying lengths of time

at varying speeds at either 2-10°C or at room temperature.

[00258] 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 in a freezing solution.
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While many freezing solutions and parameters are known in the art and will be useful in this
context, one method involves 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% DMSOQ, or 31.25% Plasmalyte-A, 31.25% Dextrose 5%, 0.45% NaCl, 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 in 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 in liquid nitrogen.

[00259]  In certain aspects, 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 invention.

[00260]  Also contemplated in the context of the invention is 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, isolated and frozen for
later use in T cell therapy for any number of diseases or conditions that would benefit from T
cell therapy, such as those described herein. In one aspect a blood sample or an apheresis is
taken from a generally healthy subject. In certain aspects, a blood sample or an apheresis is
taken from a generally healthy subject who is at risk of developing a disease, but who has not
yet developed a disease, and the cells of interest are isolated and frozen for later use. In certain
aspects, the T cells may be expanded, frozen, and used at a later time. In certain aspects,
samples are collected from a patient shortly after diagnosis of a particular disease as described
herein but prior to any treatments. In a further aspect, the cells are isolated 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 FK506, antibodies, or other immunoablative agents such as
CAMPATH, anti-CD3 antibodies, cytoxan, fludarabine, cyclosporin, FK506, rapamycin,

mycophenolic acid, steroids, FR901228, and irradiation.
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[00261] In afurther aspect of the present invention, T cells are obtained from a patient
directly following treatment that leaves the subject with functional T cells. In this regard, it has
been observed that following certain cancer treatments, in particular treatments with drugs that
damage the immune system, shortly after treatment during the period when patients would
normally be recovering 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 in a preferred state for enhanced engraftment
and in vivo expansion. Thus, it is contemplated within the context of the present invention to
collect blood cells, including T cells, dendritic cells, or other cells of the hematopoietic lineage,
during this recovery phase. Further, in certain aspects, mobilization (for example, mobilization
with GM-CSF) and conditioning regimens can be used to create a condition in a subject
wherein repopulation, recirculation, regeneration, and/or expansion of particular cell types is
favored, especially during a defined window of time following therapy. Illustrative cell types

include T cells, B cells, dendritic cells, and other cells of the immune system.

Activation and Expansion of T Cells

[00262] T cells may be activated and expanded generally using methods as described, for
example, in U.S. Patents 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; 7,175,843; 5,883,223; 6,905,874;
6,797,514; 6,867,041; and U.S. Patent Application Publication No. 20060121005.

[00263]  Generally, the T cells of the invention may be 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 costimulatory 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 anti-CD3
antibody, or antigen-binding fragment thereof, or an anti-CD2 antibody immobilized on a
surface, or by contact with a protein kinase C activator (e.g., bryostatin) in conjunction with a
calcium ionophore. For co-stimulation of an accessory molecule on the surface of the T cells, a
ligand that binds the accessory molecule is 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 stimulate proliferation of either CD4+ T cells or
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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 ef al., Transplant Proc. 30(8):3975-3977, 1998;
Haanen et al., J. Exp. Med. 190(9):13191328, 1999; Garland et al., J. Immunol Meth. 227(1-
2):53-63, 1999).

[00264]  In certain aspects, the primary stimulatory signal and the costimulatory signal for
the T cell may be provided by different protocols. For example, the agents providing each
signal may be in solution or coupled to a surface. When coupled to a surface, the agents may be
coupled to the same surface (i.e., in “cis” formation) or to separate surfaces (i.e., in “trans”
formation). Alternatively, one agent may be coupled to a surface and the other agent in
solution. In one aspect, the agent providing the costimulatory signal is bound to a cell surface
and the agent providing the primary activation signal is in solution or coupled to a surface. In
certain aspects, both agents can be in solution. In one aspect, the agents may be in 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 presenting
cells (aAPCs) that are contemplated for use in activating and expanding T cells in the present
invention.

[00265] In one aspect, the two agents are immobilized on beads, either on the same bead,
i.e., “cis,” or to separate beads, i.e., “trans.” By way of example, the agent providing the
primary activation signal is an anti-CD3 antibody or an antigen-binding fragment thereof and
the agent providing the costimulatory signal is an anti-CD28 antibody or antigen-binding
fragment thereof; and both agents are co-immobilized to the same bead in equivalent molecular
amounts. In one aspect, a 1:1 ratio of each antibody bound to the beads for CD4+ T cell
expansion and T cell growth is used. In certain aspects of the present invention, a ratio of anti
CD3:CD28 antibodies bound to the beads is used such that an increase in T cell expansion is
observed as compared to the expansion observed using a ratio of 1:1. In one particular aspect
an increase of from about 1 to about 3 fold is observed as compared to the expansion observed
using a ratio of 1:1. In one aspect, 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 antibody is bound to the particles than anti-CD3 antibody, i.e., the ratio of
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CD3:CD28 is less than one. In certain aspects of the invention, the ratio of anti CD28 antibody
to anti CD3 antibody bound to the beads is greater than 2:1. In one particular aspect, a 1:100
CD3:CD28 ratio of antibody bound to beads is used. In one aspect, a 1:75 CD3:CD28 ratio of
antibody bound to beads is used. In a further aspect, a 1:50 CD3:CD28 ratio of antibody bound
to beads is used. In one aspect, a 1:30 CD3:CD28 ratio of antibody bound to beads is used. In
one preferred aspect, a 1:10 CD3:CD28 ratio of antibody bound to beads is used. In one aspect,
a 1:3 CD3:CD28 ratio of antibody bound to the beads is used. In yet one aspect, a 3:1
CD3:CD28 ratio of antibody bound to the beads is used.

[00266]  Ratios of particles to cells from 1:500 to 500:1 and any integer values in between
may be used to stimulate T cells or other target cells. As those of ordinary skill in 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 aspects the ratio of cells to particles ranges from 1:100 to 100:1 and any
integer values in-between and in further aspects 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 anti-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, 1:50, 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 aspect, a ratio of particles to cells of 1:1 or less is used.
In one particular aspect, a preferred particle: cell ratio is 1:5. In further aspects, the ratio of
particles to cells can be varied depending on the day of stimulation. For example, in one aspect,
the ratio of particles to cells is 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 aspect, the ratio
of particles to cells is 1:1 on the first day of stimulation and adjusted to 1:5 on the third and
fifth days of stimulation. In one aspect, 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 one
aspect, the ratio of particles to cells is 2:1 on the first day of stimulation and adjusted to 1:10 on
the third and fifth days of stimulation. In one aspect, 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
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for use in the present invention. In particular, ratios will vary depending on particle size and on
cell size and type. In one aspect, the most typical ratios for use are in the neighborhood of 1:1,

2:1 and 3:1 on the first day.

[00267] In further aspects 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 aspect, prior to culture, the agent-coated beads and cells are not
separated but are cultured together. In a further aspect, the beads and cells are first concentrated
by application of a force, such as a magnetic force, resulting in increased ligation of cell surface

markers, thereby inducing cell stimulation.

[00268] By way of example, cell surface proteins may be ligated by allowing paramagnetic
beads to which anti-CD3 and anti-CD28 are attached (3x28 beads) to contact the T cells. In one
aspect the cells (for example, 1074 to 1079 T cells) and beads (for example, DYNABEADS®
M-450 CD3/CD28 T paramagnetic beads at a ratio of 1:1) are combined in a buffer, for
example PBS (without divalent cations such as, calcium 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 (i.e., 100%) may comprise the target cell of interest. Accordingly, any cell
number is within the context of the present invention. In certain aspects, it may be desirable to
significantly decrease the volume in which particles and cells are mixed together (i.e., increase
the concentration of cells), to ensure maximum contact of cells and particles. For example, in
one aspect, a concentration of about 2 billion cells/ml is used. In one aspect, greater than 100
million cells/ml is used. In a further aspect, a concentration of cells of 10, 15, 20, 25, 30, 35,
40, 45, or 50 million cells/ml is used. In yet one aspect, a concentration of cells from 75, 80, 85,
90, 95, or 100 million cells/ml is used. In further aspects, 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 efficient
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 in
certain aspects. For example, using high concentration of cells allows more efficient selection

of CD8+ T cells that normally have weaker CD28 expression.
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[00269]  In one aspect 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 one aspect, the
mixture may be cultured for 21 days. In one aspect of the invention the beads and the T cells
are cultured together for about eight days. In one aspect, 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
appropriate media (e.g., Minimal Essential Media or RPMI Media 1640 or, X-vivo 15, (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-vy, IL-4, IL-7, GM-CSF, IL-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 15, and X-Vivo 20,
Optimizer, with added amino acids, sodium pyruvate, and vitamins, either serum-free or
supplemented with an appropriate amount of serum (or plasma) or a defined set of hormones,
and/or an amount of cytokine(s) sufficient for the growth and expansion of T cells. Antibiotics,
e.g., penicillin and streptomycin, are included only in 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,).

[00270] T cells that have been exposed to varied stimulation 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 is 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 predominately of TH cells
may be advantageous. Similarly, if an antigen-specific subset of TC cells has been isolated it

may be beneficial to expand this subset to a greater degree.
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[00271]  Further, in 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.

[00272] Once a EGFRVIII CAR is constructed, various assays can be used to evaluate the
activity of the molecule, such as but not limited to, the ability to expand T cells following
antigen stimulation, sustain T cell expansion in the absence of re-stimulation, and anti-cancer
activities in appropriate in vitro and animal models. Assays to evaluate the effects of a

EGFRvVIII CAR are described in further detail below

[00273] Western blot analysis of CAR expression in primary T cells can be used to detect
the presence of monomers and dimers. See, e.g., Milone et al., Molecular Therapy 17(8):
1453-1464 (2009). Very briefly, T cells (1:1 mixture of CD4" and CD8" T cells) expressing
the CARs are expanded in vitro for more than 10 days followed by lysis and SDS-PAGE under
reducing conditions. CARs containing the full length TCR-( cytoplasmic domain and the
endogenous TCR-{ chain are detected by western blotting using an antibody to the TCR-{
chain. The same T cell subsets are used for SDS-PAGE analysis under non-reducing

conditions to permit evaluation of covalent dimer formation.

[00274]  In vitro expansion of CAR™ T cells following antigen stimulation can be measured
by flow cytometry. For example, a mixture of CD4" and CD8" T cells are stimulated with
aCD3/aCD28 aAPCs followed by transduction with lentiviral vectors expressing GFP under
the control of the promoters to be analyzed. Exemplary promoters include the CMV IE gene,
EF-1a, ubiquitin C, or phosphoglycerokinase (PGK) promoters. GFP fluorescence is evaluated
on day 6 of culture in the CD4" and/or CD8" T cell subsets by flow cytometry. See, e.g.,
Milone et al., Molecular Therapy 17(8): 1453-1464 (2009). Alternatively, a mixture of CD4"
and CD8" T cells are stimulated with aCD3/aCD28 coated magnetic beads on day 0, and
transduced with CAR on day 1 using a bicistronic lentiviral vector expressing CAR along with
eGFP using a 2A ribosomal skipping sequence. Cultures are re-stimulated with either
EGFRVIIT" U-87 cells (U-87-EGFRVIII), wild-type U-87 cells (U-87 wild type) or K562 cells
expressing hCD32 and 4-1BBL in the presence of antiCD3 and anti-CD28 antibody (K562-
BBL-3/28) following washing. Exogenous IL-2 is added to the cultures every other day at 100

86



WO 2014/130657 PCT/US2014/017364

IU/ml. GFP" T cells are enumerated by flow cytometry using bead-based counting. See, e.g.,

Milone et al., Molecular Therapy 17(8): 1453-1464 (2009).

[00275] Sustained CAR™ T cell expansion in the absence of re-stimulation can also be
measured. See, e.g., Milone et al., Molecular Therapy 17(8): 1453-1464 (2009). Briefly, mean
T cell volume (f1) is measured on day 8 of culture using a Coulter Multisizer III particle counter
following stimulation with aCD3/aCD28 coated magnetic beads on day 0, and transduction

with the indicated CAR on day 1.

[00276]  Assessment of cell proliferation and cytokine production has been previously
described, e.g., at Milone et al., Molecular Therapy 17(8): 1453-1464 (2009). Briefly,
assessment of CAR-mediated proliferation is performed in microtiter plates by mixing washed
T cells with target cells, such asU87MG, BHK or CHO cells expressing EGFRvIII or EGFR
wildtype (wt) or CD32 and CD137 (KT32-BBL) for a final T-cell:target cell ratio of 1:1. Anti-
CD3 (clone OKT3) and anti-CD28 (clone 9.3) monoclonal antibodies are added to cultures
with KT32-BBL cells to serve as a positive control for stimulating T-cell proliferation since
these signals support long-term CD8" T cell expansion ex vivo. T cells are enumerated in
cultures using CountBright™ fluorescent beads (Invitrogen, Carlsbad, CA) and flow cytometry
as described by the manufacturer. CAR" T cells are identified by GFP expression using T cells
that are engineered with eGFP-2A linked CAR-expressing lentiviral vectors. For CAR+ T cells
not expressing GFP, the CAR+ T cells are detected with biotinylated recombinant EGFRvIII
protein and a secondary avidin-PE conjugate. CD4+ and CD8" expression on T cells are also
simultaneously detected with specific monoclonal antibodies (BD Biosciences). Cytokine
measurements are performed on supernatants collected 24 hours following re-stimulation using
the human TH1/TH2 cytokine cytometric bead array kit (BD Biosciences, San Diego, CA)
according the manufacturer’s instructions. Fluorescence is assessed using a FACScalibur flow

cytometer, and data is analyzed according to the manufacturer’s instructions.

[00277] Cytotoxicity can be assessed by a standard 51Cr-release assay. See, e.g., Milone et
al., Molecular Therapy 17(8): 1453-1464 (2009). Briefly, target cells (U§7MG, BHK or CHO
cells expressing EGFRVIII or EGFR wildtype (wt) are loaded with 51Cr (as NaCrO4, New
England Nuclear, Boston, MA) at 37°C for 2 hours with frequent agitation, washed twice in

complete RPMI and plated into microtiter plates. Effector T cells are mixed with target cells in
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the wells in complete RPMI at varying ratios of effector cell:target cell (E:T). Additional wells
containing media only (spontaneous release, SR) or a 1% solution of triton-X 100 detergent
(total release, TR) are also prepared. After 4 hours of incubation at 37°C, supernatant from each
well is harvested. Released *'Cr is then measured using a gamma particle counter (Packard
Instrument Co., Waltham, MA). Each condition is performed in at least triplicate, and the
percentage of lysis is calculated using the formula: % Lysis = (ER— SR) / (TR — SR), where ER
represents the average 51Cr released for each experimental condition. Alternative cytotoxicity

assays may also be used, such as flow based cytotoxicity assays, as described in Example 8.

[00278]  Click beetle red and click beetle green luciferase can be used to simultaneously
follow tumor progression and T cell trafficking, as each use the same luciferin substrate but

emit light at the opposite ends of the visible light spectrum.

[00279]  Other assays, including those described in the Example section herein as well as
those that are known in the art can also be used to evaluate the EGFRvIII CAR constructs of

the invention.

Therapeutic Application for EGFRvVIII Expressing Diseases and Disorders

[00280]  EGFRvIII is a tumor specific, ligand-independent, constitutively active variant of
the epidermal growth factor receptor. The present invention provides compositions and
methods for treating diseases and disorders associated with EGFRvVIIL. An example of a

disease or disorder associated with EGFRVIII is glioma.

[00281] Glioma refers to a cancer of the central nervous system that begins in glial cells
(e.g., cells that surround and support nerve cells and includes oligodendrocytes, astrocytes,
microglia, and ependymal cells). Gliomas are particularly serious in terms of both incidence
and malignancy, and are classified into seven or more types such as glioblastoma and
anaplastic astrocytoma according to their detailed pathological tissue type. Disease stage
(tumor size, presence of distal metastasis) and histological malignancy are used when
determining the degree of malignancy of primary brain tumors. Histological malignancy is
classified into four levels, i.e., G1 to G4 according to the Guidelines for the Treatment of Brain

Tumors ((2002) Kanehara & Co., Ltd.), and these correspond to WHO1 to WHO4,
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respectively. The larger the number, the higher the degree of malignancy. For example, the
malignancy of glioblastoma is G4 (WHO4), while the malignancy of anaplastic astrocytoma is
G3 (WHO3), and both G3 and G4 are classified as malignant. Thus, according to some
embodiments, the methods of this invention target malignant gliomas. In other aspects the
invention targets glioblastoma multiforme (GBM). In further embodiments, the compositions
and methods of the present invention may be used in the treatment of other gliomas including,
but not limited to, anaplastic astrocytoma, giant cell glioblastoma, gliosarcoma, anaplastic
oligodendroglioma, anaplastic ependymoma, choroid plexus carcinoma, anaplastic
ganglioglioma, pineoblastoma, medulloepithelioma, ependymoblastoma, medulloblastoma,

supratentorial primitive neuroectodermal tumor, and atypical teratoid/rhabdoid tumor.

[00282] Glioblastoma is the most common primary brain tumor in adults. More than half of
the 18,000 patients diagnosed with malignant primary brain tumors in US each year have
glioblastoma multiforme. Glioblastoma multiforme is an anaplastic, highly cellular tumor, with
high proliferation indices, microvascular proliferation and focal necrosis. Signs and symptoms
depend on several factors (size, rate of growth, localization of the tumor within the brain) and
are mainly represented by headache, seizures, neurological deficits, changes in mental status.
Glioblastoma multiforme prognosis remains dismal. Survival time is less than 2 years for the
majority of patients. Karnofsky performance status (KPS) is one of the most important
prognostic factors: patients with KPS>70 are alive at 18 months in approx 18% of cases,
compared with 13% of patients with lower KPS scores. Primary glioblastoma multiforme
develops de novo from glial cells, typically has a clinical history of less than six months, is
more common in older patients and presents small-cell histology. Secondary glioblastoma
multiforme develops over months or years from pre-existing low-grade astrocytomas,

predominantly affects younger people and presents giant-cell histology.

[00283] Malignant gliomas are also known as high grade gliomas. They can affect the brain
and the spinal cord. In some aspects, compositions and methods of the present invention may be
used to treat subjects carrying a brain malignant glioma, for example, one that is chosen among
anaplastic astrocytoma (AA), glioblastoma multiform (GBM), anaplastic oligodendroglioma
(AO) and anaplastic oligoastrocytoma (AOA). In some aspects, compositions and methods of

the present invention may be used to treat subjects carrying a glioblastoma multiforme (GBM).

89



WO 2014/130657 PCT/US2014/017364

[00284]  Glioblastoma multiforme is the most malignant stage of astrocytoma, with survival
times of less than 2 years for most patients. Histologically, these tumors are characterized by
high proliferation indices, endothelial proliferation and focal necrosis. The highly proliferative
nature of these lesions likely results from multiple mitogenic effects. One of the hallmarks of
GBM is endothelial proliferation. A host of angiogenic growth factors and their receptors are

found in GBMs.

[00285]  There are biologic subsets of astrocytomas, which may reflect the clinical
heterogeneity observed in these tumors. These subsets include brain stem gliomas, which are a
form of pediatric diffuse, fibrillary astrocytoma that often follow a malignant course. Brain stem
GBMs share genetic features with those adult GBMs that affect younger patients. Pleiomorphic
xanthoastrocytoma (PXA) is a superficial, low-grade astrocytic tumor that predominantly affects
young adults. While these tumors have a bizarre histological appearance, they are typically
slow-growing tumors that may be amenable to surgical cure. Some PXAs, however, may recur
as GBM. Pilocytic astrocytoma is the most common astrocytic tumor of childhood and differs
clinically and histopathologically from the diffuse, fibrillary astrocytoma that affects adults.
Pilocytic astrocytomas do not have the same genomic alterations as diffuse, fibrillary
astrocytomas. Subependymal giant cell astrocytomas (SEGA) are periventricular, low- grade
astrocytic tumors that are usually associated with tuberous sclerosis (T'S), and are histologically
identical to the so-called “candle-gutterings” that line the ventricles of TS patients. Similar to
the other tumorous lesions in TS, these are slowly-growing and may be more akin to
hamartomas than true neoplasms. Desmoplastic cerebral astrocytoma of infancy (DCAI) and
desmoplastic infantile ganglioglioma (DIGG) are large, superficial, usually cystic, benign

astrocytomas that affect children in the first year or two of life.

[00286] Oligodendrogliomas and oligoastrocytomas (mixed gliomas) are diffuse, primarily
CNS glial tumors that are clinically and biologically most closely related to the diffuse,
fibrillary astrocytomas. The tumors, however, are far less common than astrocytomas and have
generally better prognoses than the diffuse astrocytomas. Oligodendrogliomas and
oligoastrocytomas may progress, either to WHO grade III anaplastic oligodendroglioma or
anaplastic oligoastrocytoma, or to WHO grade IV GBM. Thus, the genetic changes that lead to

oligodendroglial tumors constitute yet another pathway to GBM.
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[00287] Ependymomas are a clinically diverse group of gliomas that vary from aggressive
intraventricular tumors of children to benign spinal cord tumors in adults. Transitions of
ependymoma to GBM are rare. Choroid plexus tumors are also a varied group of tumors that
preferentially occur in the ventricular system, ranging from aggressive supratentorial
intraventricular tumors of children to benign cerebellopontine angle tumors of adults. Choroid
plexus tumors have been reported occasionally in patients with Li-Fraumeni syndrome and von

Hippel-Lindau (VHL) disease.

[00288] Medulloblastomas are malignant, primitive tumors that arise in the posterior fossa,
primarily in children. These tumors also occur in young adults. Medulloblastomas often are
surgically resected with subsequent treatment with chemotherapy and/or radiation. They may
recur locally or occasionally as drop metastasis from the posterior fossa to the spine.
Meningiomas are common intracranial tumors that arise in the meninges and compress the
underlying brain. Although typically considered benign and only rarely frankly malignant,
management of these tumors often poses clinical challenges. Histological grades of
meningiomas vary with the majority benign, WHO grade I/IV (82%); less commonly atypical,
WHO II/IV (15%); and infrequently they occur as anaplastic or malignant, WHO grade III/TV
(3%).

[00289]  Schwannomas are benign tumors that arise on peripheral nerves. Schwannomas may
arise on cranial nerves, particularly the vestibular portion of the eighth cranial nerve (vestibular
schwannomas, acoustic neuromas) where they present as cerebellopontine angle masses.
Hemangioblastomas are tumors of uncertain origin that are composed of endothelial cells,
pericytes and so-called stromal cells. These benign tumors most frequently occur in the
cerebellum and spinal cord of young adults. Multiple hemangioblastomas are characteristic of
von Hippel-Lindau disease (VHL). Hemangiopericytomas (HPCs) are dural tumors which may
display locally aggressive behavior and may metastasize. The histogenesis of dural-based
hemangiopericytoma (HPC) has long been debated, with some authors classifying it as a distinct

entity and others classifying it as a subtype of meningioma.

[00290]  The symptoms of both primary and metastatic brain tumors often depend on the
location in the brain and the size of the tumor. Since various regions of the brain are responsible

for specific functions, clinical symptoms will vary a great deal. Tumors in the frontal lobe of the
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brain may cause weakness and paralysis, mood disturbances, difficulty thinking, confusion and
disorientation, and wide emotional mood swings. Parietal lobe tumors may cause seizures,
numbness or paralysis, difficulty with handwriting, inability to perform simple mathematical
problems, difficulty with certain movements, and loss of the sense of touch. Tumors in the
occipital lobe can cause loss of vision in half of each visual field, visual hallucinations, and
seizures. Temporal lobe tumors can cause seizures, perceptual and spatial disturbances, and
receptive aphasia. If a tumor occurs in the cerebellum, the person may have ataxia, loss of
coordination, headaches, and vomiting. Tumors in the hypothalamus may cause emotional
changes, and changes in the perception of hot and cold. In addition, hypothalamic tumors may
affect growth and nutrition in children. With the exception of the cerebellum, a tumor on one

side of the brain causes symptoms and impairment on the opposite side of the body.

[00291] Compositions and methods of the present invention may be used to treat a subject
who has been characterized as having cells or tissues expressing EGFRVIII, or is suspected of
having cells or tissues expressing EGFRVIII. For example, subjects benefiting from treatment
according to the invention include subjects with a glioma, or subjects suspected of having a
glioma, for example, as evidenced by the presence of one or more of headaches, nausea and
vomiting, seizures, loss of vision, pain, weakness, numbness in the extremities, and/or cranial
nerve disorders as a result of increased intracranial pressure. In particular embodiments, the
glioma being treated is glioblastoma multiforme. In accordance with this embodiment, the

glioblastoma multiforme can be in the brain or spinal cord.

[00292]  The present invention provides methods for inhibiting the proliferation or reducing
an EGFRvIII-expressing cell population, the methods comprising contacting a population of
cells comprising an EGFRvIII-expressing cell with a CAR-expressing cell described herein,
e.g., a T cell, that binds to the EGFRvIII-expressing cell. In a specific embodiment, the present
invention provides methods for inhibiting the proliferation or reducing the population of cancer
cells expressing EGFRVIII, the methods comprising contacting the EGFRvIII-expressing cancer
cell population with invention CAR-expressing cell described herein, e.g., a T cell, that binds to
the EGFRvIII-expressing cell. In another embodiment, the present invention provides methods
for inhibiting the proliferation or reducing the population of cancer cells expressing EGFRVIII,
the methods comprising contacting the EGFRvIII-expressing cancer cell population with an

EGFRVIII CART cell of the invention that binds to the EGFRvIII-expressing cell. In certain
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embodiments, the EGFRVIII CART cell of the invention reduces the quantity, number, amount
or percentage of cells and/or cancer cells by at least 25%, at least 30%, at least 40%, at least

50%, at least 65%, at least 75%, at least 85%, at least 95%, or at least 99% in a subject with or
animal model glioma or another cancer associated with EGFRvIII-expressing cells relative to a

negative control. In one aspect, the subject is a human.

[00293]  The present invention also provides methods for preventing, treating and/or
managing a disorder associated with EGFRvIII-expressing cells (e.g., a glioblastoma), the
methods comprising administering to a subject in need an EGFRVIII CART cell described

herein that binds to the EGFRvIII-expressing cell. In one aspect, the subject is a human.

[00294] The present invention provides methods for preventing relapse of cancer associated
with EGFRvIII-expressing cells, the methods comprising administering to a subject in need
thereof an EGFRVIII CART cell described herein that binds to the EGFRvIII-expressing cell. In
another embodiment, the methods comprise administering to the subject in need thereof an
effective amount of an EGFRvIII CART cell described herein that binds to the EGFRvIII-

expressing cell in combination with an effective amount of another therapy.

[00295] In one aspect, the invention pertains to a vector comprising an EGFRvIII CAR
operably linked to promoter for expression in mammalian T cells. In one aspect, the invention
provides a recombinant T cell expressing the EGFRVIII CAR for use in treating EGFRvIII-
expressing tumors. The recombinant T cell expressing the anti-EGFRVIII CAR is termed an
EGFRvVIII CART. In one aspect, the EGFRVIII CART of the invention is capable of contacting
a tumor cell with at least one EGFRVIII CAR of the invention expressed on its surface such that
the EGFRVIII CART is activated in response to the antigen and the CART targets the tumor

cell and growth of the tumor is inhibited.

[00296] In one aspect, the invention pertains to a method of inhibiting growth of a EGFRVIII
-expressing tumor cell, comprising contacting the tumor cell with an EGFRvIII CAR T cell
described herein such that the CART is activated in response to the antigen and targets the
cancer cell, wherein the growth of the tumor is inhibited. In one aspect, the activated CART

targets and kills the cancer cell.

[00297] In one aspect, the invention pertains to a method of treating cancer in a subject.

The method comprises administering to the subject an EGFRvIII CAR T cell described herein
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such that the cancer is treated in the subject. An example of a cancer that is treatable by the
EGFRVIII CAR T cell of the invention is a cancer associated with expression of EGFRVIII. In

one aspect, the cancer associated with expression of EGFRvVIII is a glioblastoma.

[00298] In one aspect, cancer associated with EGFRVIII is selected from the group
consisting of glioblastoma multiforme (GBM), anaplastic astrocytoma, giant cell glioblastoma,
gliosarcoma, anaplastic oligodendroglioma, anaplastic ependymoma, choroid plexus
carcinoma, anaplastic ganglioglioma, pineoblastoma, medulloepithelioma, ependymoblastoma,
medulloblastoma, supratentorial primitive neuroectodermal tumor, and atypical
teratoid/rhabdoid tumor, non-small cell lung carcinomas, lung, breast, prostate, ovarian,

colorectal and bladder carcinoma and any combination thereof.

[00299]  The invention includes a type of cellular therapy where T cells are genetically
modified to express a chimeric antigen receptor (CAR) and the CAR T cell is infused to a
recipient in need thereof. The infused cell is able to kill tumor cells in the recipient. In some
embodiments, the CAR-modified T cells are able to replicate in vivo resulting in long-term
persistence that can lead to sustained tumor control. In various aspects, the T cells administered
to the patient, or their progeny, persist in the patient for at least four months, five months, six
months, seven months, eight months, nine months, ten months, eleven months, twelve months,
thirteen months, fourteen month, fifteen months, sixteen months, seventeen months, eighteen
months, nineteen months, twenty months, twenty-one months, twenty-two months, twenty-
three months, two years, three years, four years, or five years after administration of the T cell

to the patient.

[00300] In one aspect, the CAR-modified T cells described herein may be a type of vaccine
for ex vivo immunization and/or in vivo therapy in a mammal. In one aspect, the mammal is a

human.

[00301] 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, ii) introducing a nucleic

acid encoding a CAR to the cells or iii) cryopreservation of the cells.

[00302] Ex vivo procedures are well known in the art and are discussed more fully below.
Briefly, cells are isolated from a mammal (e.g., a human) and genetically modified (e.g.,

transduced or transfected in vitro) with a vector expressing a CAR disclosed herein. The CAR-
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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.

[00303] The procedure for ex vivo expansion of hematopoietic stem and progenitor cells is
described in 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 in 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 cells ex vivo. In addition to the cellular growth factors described in U.S.
Pat. No. 5,199,942, other factors such as flt3-L, IL-1, IL-3 and c-kit ligand, can be used for

culturing and expansion of the cells.

[00304] In addition to using a cell-based vaccine in terms of ex vivo immunization, the
present invention also provides compositions and methods for in vivo immunization to elicit an

immune response directed against an antigen in a patient.

[00305]  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 in the
treatment of diseases, disorders and conditions associated with expression of EGFRVIIIL In
certain aspects, the cells of the invention are used in the treatment of patients at risk for
developing diseases, disorders and conditions associated with expression of EGFRVIII. Thus,
the present invention provides methods for the treatment or prevention of diseases, disorders
and conditions associated with expression of EGFRvIII comprising administering to a subject
in need thereof, a therapeutically effective amount of the CAR-modified T cells of the

invention.

[00306] The CAR-modified T cells of the present invention may be administered either
alone, or as a pharmaceutical composition in combination with diluents and/or with other
components such as IL-2 or other cytokines or cell populations or other drug treatments, e.g.,

described herein.
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[00307] The present invention also provides methods for inhibiting the proliferation or
reducing an EGFRvIII-expressing cell population, the methods comprising contacting a
population of cells comprising an EGFRvIII-expressing cell with an EGFRVIII CART cell
described herein that binds to the EGFRvIII-expressing cell. In a specific aspect, the present
invention provides methods for inhibiting the proliferation or reducing the population of cancer
cells expressing EGFRVIIIL, the methods comprising contacting the EGFRVIII -expressing
cancer cell population with an EGFRVIII CART cell described herein that binds to the
EGFRVIII -expressing cell. In one aspect, the present invention provides methods for inhibiting
the proliferation or reducing the population of cancer cells expressing EGFRVIII, the methods
comprising contacting the EGFRvIII-expressing cancer cell population with an EGFRvIII
CART cell described herein that binds to the EGFRvIII-expressing cell. In certain aspects, the
EGFRVIII CART cell of the invention reduces the quantity, number, amount or percentage of
cells and/or cancer cells by at least 25%, at least 30%, at least 40%, at least 50%, at least 65%,
at least 75%, at least 85%, at least 95%, or at least 99% in a subject with or animal model for
glioma or another cancer associated with EGFRVIII -expressing cells relative to a negative

control. In one aspect, the subject is a human.

[00308] The present invention also provides methods for preventing, treating and/or
managing a disease associated with EGFRvIII-expressing cells (e.g., glioblastoma), the
methods comprising administering to a subject in need an EGFRvIII CART cell described

herein that binds to the EGFRvIII-expressing cell. In one aspect, the subject is a human.

[00309] The present invention provides methods for preventing relapse of cancer associated
with EGFRvIII-expressing cells, the methods comprising administering to a subject in need
thereof an EGFRVIII CART cell described herein that binds to the EGFRvIII-expressing cell. In
one aspect, the methods comprise administering to the subject in need thereof an effective
amount of an EGFRVIII CART cell described herein that binds to the EGFRvIII-expressing cell

in combination with an effective amount of another therapy.

[00310] Combination Therapies

[00311] A CAR-expressing cell described herein may be used in combination with other

known agents and therapies. Administered “in combination”, as used herein, means that two
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(or more) different treatments are delivered to the subject during the course of the subject's
affliction with the disorder, e.g., the two or more treatments are delivered after the subject has
been diagnosed with the disorder and before the disorder has been cured or eliminated or
treatment has ceased for other reasons. In some embodiments, the delivery of one treatment is
still occurring when the delivery of the second begins, so that there is overlap in terms of
administration. This is sometimes referred to herein as “simultaneous” or “concurrent
delivery”. In other embodiments, the delivery of one treatment ends before the delivery of the
other treatment begins. In some embodiments of either case, the treatment is more effective
because of combined administration. For example, the second treatment is more effective, e.g.,
an equivalent effect is seen with less of the second treatment, or the second treatment reduces
symptoms to a greater extent, than would be seen if the second treatment were administered in
the absence of the first treatment, or the analogous situation is seen with the first treatment. In
some embodiments, delivery is such that the reduction in a symptom, or other parameter related
to the disorder is greater than what would be observed with one treatment delivered in the
absence of the other. The effect of the two treatments can be partially additive, wholly additive,
or greater than additive. The delivery can be such that an effect of the first treatment delivered

is still detectable when the second is delivered.

[00312] A CAR-expressing cell described herein and the at least one additional therapeutic
agent can be administered simultaneously, in the same or in separate compositions, or
sequentially. For sequential administration, the CAR-expressing cell described herein can be
administered first, and the additional agent can be administered second, or the order of

administration can be reversed.

[00313] In further aspects, a CAR-expressing cell described herein may be used in a
treatment regimen in combination with surgery, chemotherapy, radiation, immunosuppressive
agents, such as cyclosporin, azathioprine, methotrexate, mycophenolate, and FK506,
antibodies, or other immunoablative agents such as CAMPATH, anti-CD3 antibodies or other
antibody therapies, cytoxin, fludarabine, cyclosporin, FK506, rapamycin, mycophenolic acid,
steroids, FR901228, cytokines, and irradiation. Exemplary immunotherapy approaches for
malignant glioma are disclosed in Johnson et al. 2010 Curr Neurol Neurosci Rep 10:259-266.
In some embodiments, a CAR-expressing cell described herein may be used in a treatment

regimen in combination an agent targets extracellular matrix proteins, such as tenscin, e.g., an
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anti-tenascin antibody, e.g., a 1 At-labeled anti-tenascin antibody. In some embodiments, a
CAR-expressing cell described herein may be used in a treatment regimen in combination with
an immunomodulatory agent, such as interferon alpha, interferon beta, TGF-B2 peptide
inhibitor, or poly-ICLC. In some embodiments, a CAR-expressing cell described herein may
be used in a treatment regimen in combination with a WTT1 transcription factor peptide vaccine,

such as that described in [zumoto et al. 2008 J Neurosurg 108:963-971.

[00314] In one embodiment, a CAR-expressing cell described herein can be used in
combination with a chemotherapeutic agent. Exemplary chemotherapeutic agents include an
alkylating agent, a platinum based agent, an angiogenesis inhibitor (e.g., a VEGF pathway
inhibitor, a tyrosine kinase inhibitor (e.g., an EGF pathway inhibitor), an mTOR inhibitor.

[00315] General Chemotherapeutic agents considered for use in combination therapies
include anastrozole (Arimidex®), bicalutamide (Casodex®), bleomycin sulfate (Blenoxane®),
busulfan (Myleran®), busulfan injection (Busulfex®), capecitabine (Xeloda®), N4-
pentoxycarbonyl-5-deoxy-5-fluorocytidine, carboplatin (Paraplatin®), carmustine (BICNU®),
chlorambucil (Leukeran®), cisplatin (Platinol®), cladribine (Leustatin®), cyclophosphamide
(Cytoxan® or Neosar®), cytarabine, cytosine arabinoside (Cytosar-U®), cytarabine liposome
injection (DepoCyt®), dacarbazine (DTIC-Dome®), dactinomycin (Actinomycin D,
Cosmegan), daunorubicin hydrochloride (Cerubidine®), daunorubicin citrate liposome
injection (DaunoXome®), dexamethasone, docetaxel (Taxotere®), doxorubicin hydrochloride
(Adriamycin®, Rubex®), etoposide (Vepesid®), fludarabine phosphate (Fludara®), 5-
fluorouracil (Adrucil®, Efudex®), flutamide (Eulexin®), tezacitibine, Gemcitabine
(difluorodeoxycitidine), hydroxyurea (Hydrea®), Idarubicin (Idamycin®), ifosfamide
(IFEX®), irinotecan (Camptosar®), L-asparaginase (ELSPAR®), leucovorin calcium,
melphalan (Alkeran®), 6-mercaptopurine (Purinethol®), methotrexate (Folex®), mitoxantrone
(Novantrone®), mylotarg, paclitaxel (Taxol®), phoenix (Yttrium90/MX-DTPA), pentostatin,
polifeprosan 20 with carmustine implant (Gliadel®), tamoxifen citrate (Nolvadex®), teniposide
(Vumon®), 6-thioguanine, thiotepa, tirapazamine (Tirazone®), topotecan hydrochloride for
injection (Hycamptin®), vinblastine (Velban®), vincristine (Oncovin®), and vinorelbine

(Navelbine®).
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[00316] Exemplary alkylating agents include, without limitation, nitrogen mustards,
ethylenimine derivatives, alkyl sulfonates, nitrosoureas and triazenes): uracil mustard
(Aminouracil Mustard®, Chlorethaminacil®, Demethyldopan®, Desmethyldopan®,
Haemanthamine®, Nordopan®, Uracil nitrogen mustard®, Uracillost®, Uracilmostaza®,
Uramustin®, Uramustine®), chlormethine (Mustargen®), cyclophosphamide (Cytoxan®,
Neosar®, Clafen®, Endoxan®, Procytox®, RevimmuneTM), ifosfamide (Mitoxana®),
melphalan (Alkeran®), Chlorambucil (Leukeran®), pipobroman (Amedel®, Vercyte®),
triethylenemelamine (Hemel®, Hexalen®, Hexastat®), triethylenethiophosphoramine,
Temozolomide (Temodar®), thiotepa (Thioplex®), busulfan (Busilvex®, Myleran®),
carmustine (BICNU®), lomustine (CeeNU®), streptozocin (Zanosar®), and Dacarbazine
(DTIC-Dome®). Additional exemplary alkylating agents include, without limitation,
Oxaliplatin (Eloxatin®); Temozolomide (Temodar® and Temodal®); Dactinomycin (also
known as actinomycin-D, Cosmegen®); Melphalan (also known as L-PAM, L-sarcolysin, and
phenylalanine mustard, Alkeran®); Altretamine (also known as hexamethylmelamine (HMM),
Hexalen®); Carmustine (BICNU®); Bendamustine (Treanda®); Busulfan (Busulfex® and
Myleran®); Carboplatin (Paraplatin®); Lomustine (also known as CCNU, CeeNU®);
Cisplatin (also known as CDDP, Platinol® and Platinol®-AQ); Chlorambucil (Leukeran®);
Cyclophosphamide (Cytoxan® and Neosar®); Dacarbazine (also known as DTIC, DIC and
imidazole carboxamide, DTIC-Dome®); Altretamine (also known as hexamethylmelamine
(HMM), Hexalen®); Ifosfamide (Ifex®); Prednumustine; Procarbazine (Matulane®);
Mechlorethamine (also known as nitrogen mustard, mustine and mechloroethamine
hydrochloride, Mustargen®); Streptozocin (Zanosar®); Thiotepa (also known as
thiophosphoamide, TESPA and TSPA, Thioplex®); Cyclophosphamide (Endoxan®,
Cytoxan®, Neosar®, Procytox®, Revimmune®); and Bendamustine HCI (Treanda®).

[00317] Exemplary platinum based agents include, without limitation, carboplatin, cisplatin,

and oxaliplatin.

[00318] Exemplary angiogenesis inhibitors include, without limitation A6 (Angstrom
Pharmacueticals), ABT-510 (Abbott Laboratories), ABT-627 (Atrasentan) (Abbott
Laboratories/Xinlay), ABT-869 (Abbott Laboratories), Actimid (CC4047, Pomalidomide)
(Celgene Corporation), AAGVPEDF.11D (GenVec), ADH-1 (Exherin) (Adherex
Technologies), AEE788 (Novartis), AG-013736 (Axitinib) (Pfizer), AG3340 (Prinomastat)
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(Agouron Pharmaceuticals), AGX1053 (AngioGenex), AGXS51 (AngioGenex), ALN-VSP
(ALN-VSP O2) (Alnylam Pharmaceuticals), AMG 386 (Amgen), AMG706 (Amgen), Apatinib
(YN968D1) (Jiangsu Hengrui Medicine), AP23573 (Ridaforolimus/MK8669) (Ariad
Pharmaceuticals), AQ4N (Novavea), ARQ 197 (ArQule), ASA404 (Novartis/Antisoma),
Atiprimod (Callisto Pharmaceuticals), ATN-161 (Attenuon), AV-412 (Aveo Pharmaceuticals),
AV-951 (Aveo Pharmaceuticals), Avastin (Bevacizumab) (Genentech), AZD2171
(Cediranib/Recentin) (AstraZeneca), BAY 57-9352 (Telatinib) (Bayer), BEZ235 (Novartis),
BIBF1120 (Boehringer Ingelheim Pharmaceuticals), BIBW 2992 (Boehringer Ingelheim
Pharmaceuticals), BMS-275291 (Bristol-Myers Squibb), BMS-582664 (Brivanib) (Bristol-
Myers Squibb), BMS-690514 (Bristol-Myers Squibb), Calcitriol, CCI-779 (Torisel) (Wyeth),
CDP-791 (ImClone Systems), Ceflatonin (Homoharringtonine/HHT) (ChemGenex
Therapeutics), Celebrex (Celecoxib) (Pfizer), CEP-7055 (Cephalon/Sanofi), CHIR-265 (Chiron
Corporation), NGR-TNF, COL-3 (Metastat) (Collagenex Pharaceuticals), Combretastatin
(Oxigene), CP-751,871(Figitumumab) (Pfizer), CP-547,632 (Pfizer), CS-7017 (Daiichi Sankyo
Pharma), CT-322 (Angiocept) (Adnexus), Curcumin, Dalteparin (Fragmin) (Pfizer), Disulfiram
(Antabuse), E7820 (Eisai Limited), E7080 (Eisai Limited), EMD 121974(Cilengitide) (EMD
Pharmaceuticals), ENMD-1198 (EntreMed), ENMD-2076 (EntreMed), Endostar (Simcere),
Erbitux (ImClone/Bristol-Myers Squibb), EZN-2208 (Enzon Pharmaceuticals), EZN-2968
(Enzon Pharmaceuticals), GC1008 (Genzyme), Genistein, GSK1363089(Foretinib)
(GlaxoSmithKline), GW786034 (Pazopanib) (GlaxoSmithKline), GT-111 (Vascular Biogenics
Ltd.), IMC--1121B (Ramucirumab) (ImClone Systems), IMC-18F1 (ImClone Systems), IMC-
3G3 (ImClone LLC), INCB007839 (Incyte Corporation), INGN 241 (Introgen Therapeutics),
Iressa (ZD1839/Gefitinib), LBH589 (Faridak/Panobinostst) (Novartis), Lucentis (Ranibizumab)
(Genentech/Novartis), LY317615 (Enzastaurin) (Eli Lilly and Company), Macugen
(Pegaptanib) (Pfizer), MEDIS22 (Abegrin) (MedImmune), MLN518(Tandutinib)
(Millennium), Neovastat (AE941/Benefin) (Aeterna Zentaris), Nexavar (Bayer/Onyx), NM-3
(Genzyme Corporation), Noscapine (Cougar Biotechnology), NPI-2358 (Nereus
Pharmaceuticals), OSI-930 (OSI), Palomid 529 (Paloma Pharmaceuticals, Inc.), Panzem
Capsules (2ME2) (EntreMed), Panzem NCD (2ME2) (EntreMed), PF-02341066 (Pfizer), PF-
04554878 (Pfizer), PI-88 (Progen Industries/Medigen Biotechnology), PKC412 (Novartis),
Polyphenon E (Green Tea Extract) (Polypheno E International, Inc), PPI-2458 (Praecis
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Pharmaceuticals), PTC299 (PTC Therapeutics), PTK787 (Vatalanib) (Novartis), PXD101
(Belinostat) (CuraGen Corporation), RAD001 (Everolimus) (Novartis), RAF265 (Novartis),
Regorafenib (BAY73-4506) (Bayer), Revlimid (Celgene), Retaane (Alcon Research), SN38
(Liposomal) (Neopharm), SNS-032 (BMS-387032) (Sunesis), SOM230(Pasireotide)
(Novartis), Squalamine (Genaera), Suramin, Sutent (Pfizer), Tarceva (Genentech), TB-403
(Thrombogenics), Tempostatin (Collard Biopharmaceuticals), Tetrathiomolybdate (Sigma-
Aldrich), TG100801 (TargeGen), Thalidomide (Celgene Corporation), Tinzaparin Sodium,
TKI258 (Novartis), TRC093 (Tracon Pharmaceuticals Inc.), VEGF Trap (Aflibercept)
(Regeneron Pharmaceuticals), VEGF Trap-Eye (Regeneron Pharmaceuticals), Veglin
(VasGene Therapeutics), Bortezomib (Millennium), XL.184 (Exelixis), XL647 (Exelixis),
XL784 (Exelixis), XL820 (Exelixis), XL999 (Exelixis), ZD6474 (AstraZeneca), Vorinostat
(Merck), and ZSTK474.

[00319] Exemplary Vascular Endothelial Growth Factor (VEGF) receptor inhibitors include,
but are not limited to, Bevacizumab (Avastin®), axitinib (Inlyta®); Brivanib alaninate (BMS-
582664, (5)-((R)-1-(4-(4-Fluoro-2-methyl-1H-indol-5-yloxy)-5-methylpyrrolo[2,1-
fI[1,2,4]triazin-6-yloxy)propan-2-yl)2-aminopropanoate); Sorafenib (Nexavar®); Pazopanib
(Votrient®); Sunitinib malate (Sutent®); Cediranib (AZD2171, CAS 288383-20-1); Vargatef
(BIBF1120, CAS 928326-83-4); Foretinib (GSK1363089); Telatinib (BAY57-9352, CAS
332012-40-5); Apatinib (YN968D1, CAS 811803-05-1); Imatinib (Gleevec®); Ponatinib
(AP24534, CAS 943319-70-8); Tivozanib (AV951, CAS 475108-18-0); Regorafenib
(BAY73-4506, CAS 755037-03-7); Vatalanib dihydrochloride (PTK787, CAS 212141-51-0);
Brivanib (BMS-540215, CAS 649735-46-6); Vandetanib (Caprelsa® or AZD6474);
Motesanib diphosphate (AMG706, CAS 857876-30-3, N-(2,3-dihydro-3,3-dimethyl-1H-indol-
6-yl)-2-[(4-pyridinylmethyl)amino]-3-pyridinecarboxamide, described in PCT Publication No.
WO 02/066470); Dovitinib dilactic acid (TKI258, CAS 852433-84-2); Linfanib (ABT869,
CAS 796967-16-3); Cabozantinib (XL184, CAS 849217-68-1); Lestaurtinib (CAS 111358-
88-4); N-[5-[[[5-(1,1-Dimethylethyl)-2-oxazolylJmethyl]thio]-2-thiazolyl]-4-
piperidinecarboxamide (BMS38703, CAS 345627-80-7); (3R,4R)-4-Amino-1-((4-((3-
methoxyphenyl)amino)pyrrolo[2,1-f][1,2,4]triazin-5-yl)methyl)piperidin-3-ol (BMS690514);
N-(3.,4-Dichloro-2-fluorophenyl)-6-methoxy-7-[[(3aa,5B,6aa)-octahydro-2-
methylcyclopenta[c]pyrrol-5-ylJmethoxy]- 4-quinazolinamine (XL647, CAS 781613-23-8); 4-
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Methyl-3-[[1-methyl-6-(3-pyridinyl)-1H-pyrazolo[3,4-d]pyrimidin-4-ylJamino]-N-[3-
(trifluoromethyl)phenyl]-benzamide (BHG712, CAS 940310-85-0); . and Aflibercept (Eylea®).

[00320]

[00321] Exemplary EGF pathway inhibitors include, without limitation tyrphostin 46, EKB-
569, erlotinib (Tarceva®), gefitinib (Iressa®), erbitux, nimotuzumab, lapatinib (Tykerb®),
cetuximab (anti-EGFR mAb), 188Re-labeled nimotuzumab (anti-EGFR mAb), and those
compounds that are generically and specifically disclosed in WO 97/02266, EP 0 564 409, WO
99/03854, EP 0 520 722, EP 0 566 226, EP 0 787 722, EP 0 837 063, US 5,747,498, WO
98/10767, WO 97/30034, WO 97/49688, WO 97/38983 and WO 96/33980. Exemplary EGFR
antibodies include, but are not limited to, Cetuximab (Erbitux®); Panitumumab (Vectibix®);
Matuzumab (EMD-72000); Trastuzumab (Herceptin®); Nimotuzumab (hR3); Zalutumumab;
TheraCIM h-R3; MDX0447 (CAS 339151-96-1); and ch806 (mAb-806, CAS 946414-09-1).
Exemplary Epidermal growth factor receptor (EGFR) inhibitors include, but not limited to,
Erlotinib hydrochloride (Tarceva®), Gefitnib (Iressa®); N-[4-[(3-Chloro-4-
fluorophenyl)amino]-7-[[(3"S")-tetrahydro-3-furanyl]oxy]-6-quinazolinyl]-4(dimethylamino)-
2-butenamide, Tovok®); Vandetanib (Caprelsa®); Lapatinib (Tykerb®); (3R,4R)-4-Amino-
1-((4-((3-methoxyphenyl)amino)pyrrolo[2,1-f][1,2,4]triazin-5-yl)methyl)piperidin-3-ol
(BMS690514); Canertinib dihydrochloride (CI-1033); 6-[4-[(4-Ethyl-1-
piperazinyl)methyl]phenyl]-N-[(1R)-1-phenylethyl]- 7H-Pyrrolo[2,3-d]pyrimidin-4-amine
(AEE788, CAS 497839-62-0); Mubritinib (TAK165); Pelitinib (EKB569); Afatinib
(BIBW2992); Neratinib (HKI-272); N-[4-[[1-[(3-Fluorophenyl)methyl]-1H-indazol-5-
ylJamino]-5-methylpyrrolo[2,1-f][1,2,4]triazin-6-yl]-carbamic acid, (35)-3-morpholinylmethyl
ester (BMS599626); N-(3,4-Dichloro-2-fluorophenyl)-6-methoxy-7-[[(3aa,5f,6a0)-octahydro-
2-methylcyclopenta[c]pyrrol-5-ylJmethoxy]- 4-quinazolinamine (XL647, CAS 781613-23-8);
and 4-[4-[[(1R)-1-Phenylethyl]amino]-7H-pyrrolo[2,3-d]pyrimidin-6-yl]-phenol (PKI166, CAS
187724-61-4).

[00322] Exemplary mTor inhibitors include, without limitation, rapamycin (Rapamune®),
and analogs and derivatives thereof; SDZ-RAD; Temsirolimus (Torisel®; also known as CCI-

779); Ridaforolimus (formally known as deferolimus, (1R,2R,45)-4-[(2R)-2
[(IR,95,1285,15R,16E,18R,19R,21R, 238,24E 26FE,287,305,325,35R)-1,18-dihydroxy-19,30-
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dimethoxy-15,17,21,23, 29,35-hexamethyl-2,3,10,14,20-pentaoxo-11,36-dioxa-4-
azatricyclo[30.3.1.0*°] hexatriaconta-16,24,26,28-tetraen- 12-yl]propyl]-2-methoxycyclohexyl
dimethylphosphinate, also known as AP23573 and MK8669, and described in PCT Publication
No. WO 03/064383); Everolimus (Afinitor® or RAD001); Rapamycin (AY229809,
Sirolimus®); Simapimod (CAS 164301-51-3); (5-{2,4-Bis[(35)-3-methylmorpholin-4-
yl]pyrido[2,3-d]pyrimidin-7-yl }-2-methoxyphenyl)methanol (AZD8055); 2-Amino-8-[trans-4-
(2-hydroxyethoxy)cyclohexyl]-6-(6-methoxy-3-pyridinyl)-4-methyl-pyrido[2,3-d]pyrimidin-
7(8H)-one (PF04691502, CAS 1013101-36-4); and N*-[1,4-dioxo-4-[[4-(4-0ox0-8-phenyl-4H-
I-benzopyran-2-yl)morpholinium-4-ylJmethoxy]butyl]-L-arginylglycyl-L-a-aspartylL-serine-,
inner salt (SF1126, CAS 936487-67-1).

[00323] Exemplary Phosphoinositide 3-kinase (PI13K) inhibitors include, but are not limited
to, 4-[2-(1H-Indazol-4-yl)-6-[[4-(methylsulfonyl)piperazin-1-ylJmethyl]thieno[ 3,2-
d]pyrimidin-4-ylJmorpholine (also known as GDC 0941 and described in PCT Publication Nos.
WO 09/036082 and WO 09/055730); 2-Methyl-2-[4-[3-methyl-2-0x0-8-(quinolin-3-yl)-2,3-
dihydroimidazo[4,5-c]quinolin-1-yl]phenyl]propionitrile (also known as BEZ 235 or NVP-BEZ
235, and described in PCT Publication No. WO 06/122806); 4-(trifluoromethyl)-5-(2,6-
dimorpholinopyrimidin-4-yl)pyridin-2-amine (also known as BKM120 or NVP-BKM120, and
described in PCT Publication No., W(02007/084786); Tozasertib (VX680 or MK-0457, CAS
639089-54-6); (5Z)-5-[[4-(4-Pyridinyl)-6-quinolinyl]methylene]-2,4-thiazolidinedione
(GSK1059615, CAS 958852-01-2); (1E,4S,4aR,5R,6aS,9aR)-5-(Acetyloxy)-1-[(di-2-
propenylamino)methylene]-4,4a,5,6,6a,8,9,9a-octahydro-11-hydroxy-4-(methoxymethyl)-
4a,6a-dimethyl-cyclopenta[5,6]naphtho[1,2-c]pyran-2,7,10(1H)-trione (PX866, CAS 502632-
66-8); and §8-Phenyl-2-(morpholin-4-yl)-chromen-4-one (LY294002, CAS 154447-36-6).
Exemplary Protein Kinase B (PKB) or AKT inhibitors include, but are not limited to. 8-[4-(1-
Aminocyclobutyl)phenyl]-9-phenyl-1,2,4-triazolo[3,4-f][1,6]naphthyridin-3(2H)-one (MK-
2206, CAS 1032349-93-1); Perifosine (KRX0401); 4-Dodecyl-N-1,3,4-thiadiazol-2-yl-
benzenesulfonamide (PHT-427, CAS 1191951-57-1); 4-[2-(4-Amino-1,2,5-oxadiazol-3-yl)-1-
ethyl-7-[(3S)-3-piperidinylmethoxy]-1H-imidazo[4,5-c]pyridin-4-yl]-2-methyl-3-butyn-2-ol
(GSK690693, CAS 937174-76-0); 8-(1-Hydroxyethyl)-2-methoxy-3-[(4-
methoxyphenyl)methoxy]- 6H-dibenzo[b,d]pyran-6-one (palomid 529, P529, or SG-00529);
Tricirbine (6-Amino-4-methyl-8-(B-D-ribofuranosyl)-4H,8H-pyrrolo[4,3,2-de]pyrimido[4,5-
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c]pyridazine); (aS)-a-[[[5-(3-Methyl-1H-indazol-5-yl)-3-pyridinyl]Joxy]methyl]-
benzeneethanamine (A674563, CAS 552325-73-2); 4-[(4-Chlorophenyl)methyl]-1-(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)- 4-piperidinamine (CCT128930, CAS 885499-61-6); 4-(4-
Chlorophenyl)-4-[4-(1H pyrazol-4-yl)phenyl]-piperidine (AT7867, CAS 857531-00-1); and
Archexin (RX-0201, CAS 663232-27-7).

[00324]  Drugs that inhibit either the calcium dependent phosphatase calcineurin
(cyclosporine and FK506) or inhibit the p70S6 kinase that is 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) can also be used. In a
further aspect, the cell compositions of the present invention may be administered to a patient
in conjunction with (e.g., before, simultaneously or following) bone marrow transplantation, T
cell ablative therapy using chemotherapy agents such as, fludarabine, external-beam radiation
therapy (XRT), cyclophosphamide, and/or antibodies such as OKT3 or CAMPATH. In one
aspect, the cell compositions of the present invention are administered following B-cell ablative
therapy such as agents that react with CD20, e.g., Rituxan. For example, in 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
receive an infusion of the expanded immune cells of the present invention. In an additional

embodiment, expanded cells are administered before or following surgery.

[00325] In one embodiment, the subject can be administered an agent which reduces or
ameliorates a side effect associated with the administration of a CAR-expressing cell. Side
effects associated with the administration of a CAR-expressing cell include, but are not limited
to CRS, and hemophagocytic lymphohistiocytosis (HLH), also termed Macrophage Activation
Syndrome (MAS). Symptoms of CRS include high fevers, nausea, transient hypotension,
hypoxia, and the like. Accordingly, the methods described herein can comprise administering a
CAR-expressing cell described herein to a subject and further administering an agent to
manage elevated levels of a soluble factor resulting from treatment with a CAR-expressing cell.
In one embodiment, the soluble factor elevated in the subject is one or more of IFN-y, TNFa,
IL-2 and IL-6. Therefore, an agent administered to treat this side effect can be an agent that

neutralizes one or more of these soluble factors. Such agents include, but are not limited to a
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steroid, an inhibitor of TNFa, and an inhibitor of IL-6. An example of a TNFa inhibitor is

entanercept. An example of an IL-6 inhibitor is Tocilizumab (toc).

[00326] In one embodiment, the subject can be administered an agent which enhances the
activity of a CAR-expressing cell. For example, in one embodiment, the agent can be an agent
which inhibits an inhibitory molecule. Inhibitory molecules, e.g., Programmed Death 1 (PD1),
can, in some embodiments, decrease the ability of a CAR-expressing cell to mount an immune
effector response. Examples of inhibitory molecules include PD1, PD-L1, CTLA4, TIM3,
LAG3, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4 and TGFR beta. Inhibition of an
inhibitory molecule, e.g., by inhibition at the DNA, RNA or protein level, can optimize a CAR-
expressing cell performance. In embodiments, an inhibitory nucleic acid, e.g., an inhibitory
nucleic acid, e.g., a dsRNA, e.g., an siRNA or shRNA, can be used to inhibit expression of an
inhibitory molecule in the CAR-expressing cell. In an embodiment the inhibitor is an shRNA.
In an embodiment, the inhibitory molecule is inhibited within a CAR-expressing cell. In these
embodiments, a dsSRNA molecule that inhibits expression of the inhibitory molecule is linked to
the nucleic acid that encodes a component, e.g., all of the components, of the CAR. In one
embodiment, the inhibitor of an inhibitory signal can be, e.g., an antibody or antibody fragment
that binds to an inhibitory molecule. For example, the agent can be an antibody or antibody
fragment that binds to PD1, PD-L1, PD-L2 or CTLA4 (e.g., ipilimumab (also referred to as
MDX-010 and MDX-101, and marketed as Yervoy®; Bristol-Myers Squibb; Tremelimumab
(IgG2 monoclonal antibody available from Pfizer, formerly known as ticilimumab, CP-

675,2006).).

[00327]  PDI is an inhibitory member of the CD28 family of receptors that also includes
CD28, CTLA-4, ICOS, and BTLA. PD-1 is expressed on activated B cells, T cells and
myeloid cells (Agata et al. 1996 Int. Immunol 8:765-75). Two ligands for PD1, PD-L1 and
PD-L2 have been shown to downregulate T cell activation upon binding to PD1 (Freeman et a.
2000 J Exp Med 192:1027-34; Latchman et al. 2001 Nat Immunol 2:261-8; Carter et al. 2002
Eur J Immunol 32:634-43). PD-L1 is abundant in human cancers (Dong et al. 2003 J Mol Med
81:281-7; Blank et al. 2005 Cancer Immunol. Immunother 54:307-314; Konishi et al. 2004 Clin
Cancer Res 10:5094). Immune suppression can be reversed by inhibiting the local interaction
of PD1 with PD-L1. Antibodies, antibody fragments, and other inhibitors of PD1, PD-L.1 and
PD-L2 are available in the art and may be used combination with a CD123 CAR described
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herein. For example, nivolumab (also referred to as BMS-936558 or MDX1106; Bristol-Myers
Squibb) is a fully human IgG4 monoclonal antibody which specifically blocks PD-1.
Nivolumab (clone 5C4) and other human monoclonal antibodies that specifically bind to PD-1
are disclosed in US 8,008,449 and WO2006/121168. Pidilizumab (CT-011; Cure Tech) is a
humanized IgG1k monoclonal antibody that binds to PD-1Pidilizumab and other humanized
anti-PD1 monoclonal antibodies are disclosed in W02009/101611. Lambrolizumab (also
referred to as MK03475; Merck) is a humanized IgG4 monoclonal antibody that binds to PD1.
Lambrolizumab and other humanized anti-PD1 antibodies are disclosed in US 8,354,509 and
W02009/114335. MDPL3280A (Genentech / Roche) is a human Fc optimized IgGl
monoclonal antibody that binds to PD-L1. MDPL3280A and other human monoclonal
antibodies to PD-L1 are disclosed in U.S. Patent No.: 7,943,743 and U.S Publication No.:
20120039906. Other anti-PD-L1 binding agents include YW243.55.S70 (heavy and light chain
variable regions are shown in SEQ ID NOs 20 and 21 in W0O2010/077634) and MDX-1 105
(also referred to as BMS-936559, and, e.g., anti-PD-L1 binding agents disclosed in
WO02007/005874). AMP-224 (B7-DClg; Amplimmune; e.g., disclosed in W0O2010/027827
and W02011/066342), is a PD-L2 Fc fusion soluble receptor that blocks the interaction
between PD1 and B7-H1. Other anti-PD1 antibodies include AMP 514 (Amplimmune), among
others, e.g., anti-PD1 antibodies disclosed in US 8,609,089, US 2010028330, and/or US
20120114649. The agent which enhances the activity of a CAR-expressing cell can be, e.g., a
fusion protein comprising a first domain and a second domain, wherein the first domain is an
inhibitory molecule, or fragment thereof, and the second domain is a polypeptide that is
associated with a positive signal, e.g., the polypeptide that is associated with a positive signal is
CD28, ICOS, and fragments thereof, e.g., an intracellular signaling domain of CD28 and/or
ICOS. In one embodiment, the fusion protein is expressed by the same cell that expressed the
CAR. In another embodiment, the fusion protein is expressed by a cell, e.g., a T cell that does

not express an anti-EGFRvIII CAR.

[00328] In one embodiment, the agent which enhances activity of a CAR-expressing cell

described herein is miR-17-92.
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Pharmaceutical compositions and treatments

[00329]  Pharmaceutical compositions of the present invention may comprise a CAR-
expressing cell, e.g., a plurality of CAR-expressing cells, as described herein, in combination
with one or more pharmaceutically or physiologically acceptable carriers, diluents or
excipients. Such compositions may comprise buffers such as neutral buffered saline, phosphate
buffered saline and the like; carbohydrates such as glucose, mannose, sucrose or dextrans,
mannitol; proteins; polypeptides or amino acids such as glycine; antioxidants; chelating agents
such as EDTA or glutathione; adjuvants (e.g., aluminum hydroxide); and preservatives.
Compositions of the present invention are in one aspect formulated for intravenous

administration.

[00330] Pharmaceutical compositions of the present invention may be administered in a
manner appropriate to the disease to be treated (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 dosages may be determined by

clinical trials.

[00331] In one embodiment, the pharmaceutical composition is substantially free of, e.g.,
there are no detectable levels of a contaminant, e.g., selected from the group consisting of
endotoxin, mycoplasma, replication competent lentivirus (RCL), p24, VSV-G nucleic acid,
HIV gag, residual anti-CD3/anti-CD28 coated beads, mouse antibodies, pooled human serum,
bovine serum albumin, bovine serum, culture media components, vector packaging cell or
plasmid components, a bacterium and a fungus. In one embodiment, the bacterium is at least
one selected from the group consisting of Alcaligenes faecalis, Candida albicans, Escherichia
coli, Haemophilus influenza, Neisseria meningitides, Pseudomonas aeruginosa, Staphylococcus

aureus, Streptococcus pneumonia, and Streptococcus pyogenes group A.

29 <

[00332] When “an immunologically effective amount,” “an anti-tumor effective amount,” “a
tumor-inhibiting effective amount,” or “therapeutic amount” is indicated, the precise amount of
the compositions of the present invention to be administered can be determined by a physician
with consideration 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
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pharmaceutical composition comprising the T cells described herein may be administered at a
dosage of 10" to 10° cells/kg body weight, in some instances 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).

[00333] In certain aspects, it may be desired to administer activated T cells to a subject and
then subsequently 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 aspects, T cells
can be activated from blood draws of from 10cc to 400cc. In certain aspects, T cells are

activated from blood draws of 20cc, 30cc, 40cc, 50cc, 60cc, 70cc, 80cc, 90cc, or 100cc.

[00334]  The administration of the subject compositions may be carried out in any convenient
manner, including by aerosol inhalation, injection, ingestion, transfusion, implantation or
transplantation. The compositions described herein may be administered to a patient trans
arterially, subcutaneously, intradermally, intratumorally, intranodally, intramedullary,
intramuscularly, by intravenous (i.v.) injection, or intraperitoneally. In one aspect, the T cell
compositions of the present invention are administered to a patient by intradermal or
subcutaneous injection. In one aspect, the T cell compositions of the present invention are
administered by i.v. injection. The compositions of T cells may be injected directly into a

tumor, lymph node, or site of infection.

[00335] In a particular exemplary aspect, subjects may undergo leukapheresis, wherein
leukocytes are collected, enriched, or depleted ex vivo to select and/or isolate the cells of
interest, e.g., T cells. These T cell isolates may be expanded by methods known in the art and
treated such that one or more CAR constructs of the invention may be introduced, thereby
creating a CAR T cell of the invention. Subjects in need thereof may subsequently undergo
standard treatment with high dose chemotherapy followed by peripheral blood stem cell
transplantation. In certain aspects, following or concurrent with the transplant, subjects receive
an infusion of the expanded CAR T cells of the present invention. In an additional aspect,

expanded cells are administered before or following surgery.
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[00336] The dosage of the above treatments to be administered 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.

EXAMPLES
[00337] The invention is further described in detail by reference to the following
experimental examples. These examples are provided for purposes of illustration only, and are
not intended to be limiting unless otherwise specified. Thus, the invention should in no way be
construed as being limited to the following examples, but rather, should be construed to
encompass any and all variations which become evident as a result of the teaching provided

herein.

[00338]  Without further description, it is believed that one of ordinary skill in the art can,
using the preceding description and the following illustrative examples, make and utilize the
compounds of the present invention and practice the claimed methods. The following working
examples specifically point out various aspects of the present invention, and are not to be

construed as limiting in any way the remainder of the disclosure.

Example 1: Redirected autologous T cells engineered to express EGFRvIII-targeted chimeric
antigen receptor in patients diagnosed with EGFRvIII+ glioblastoma

[00339]  The following experiments were designed to address whether human T cells re-
directed to the surface protein EGFRvIII with an antibody-based chimeric antigen receptor
(CAR) would be effective in eliminating an EGFRvIII+ model of glioblastoma multiforme in
NSG mice. In addition, experiments were designed to evaluate engraftment and persistence of
these cells. Three different forms of CARs are tested, encompassing two different single-chain
variable fragments (the portion of the CAR binding to the EGFRVIII antigen), and the
intracellular signaling domains (4-1BB and CD3 zeta with and without CD28).

[00340] The immunodeficient NOD/scid/ycnull (NSG) mouse is an excellent
xenotransplantation model to engraft human tumor cell lines (the brain tumor line U87, which

are EGFR+ and has versions engineered to be EGFRvIII+) and human T cells. Following
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engraftment, the human T cells can be maintained in NSG mice for approximately 2 months, or
until fatal xenogeneic GVHD (xGVHD) develops, which depends on the dose and donor of

human T cells infused.

[00341]  Briefly, a novel CAR (3C10 CAR) using the lentiviral platform was created
incorporating a scFv derived from anti-EGFRvIII monoclonal antibody 3C10. This CAR has
been tested in vitro and in xenogeneic mouse models. NOD/scid/yc(-/-) (NSG) mouse models
have been widely used for pre-clinical assessments of CAR therapy, including evaluation of
long-term persistence of infused human T-cells. NSG mice bearing Day 7 U87-EGFRvIII

tumors in the brain received 1.p. injections of temozolomide (1 mg/dose) daily on Days 7-11 and

6
1.v. infusions of: 2 x 10 human T- cells ex vivo transduced with 3C10 CAR or mock enhance

green fluorescence protein (EGFP)-vector on Days 7 and 17. On Day 21, BLI signals were
undetectable in all mice that received CAR-transduced T-cells, while mice treated with the
mock-transduced T- cells show regrowth of the tumor in 4 of 5 mice following the transient
anti-tumor effect by temozolomide. In a separate experiment, mice treated with CAR-T-cells
were sacrificed on Day 21, and the infiltration of CAR-transduced T-cells was evaluated by
immunohistochemistry using biotin-conjugated anti-F(ab”), mAb (specific for the 3C10CAR)
and streptavidin- Phycoerythrin (PE). i.v. infused CAR-T-cells appeared to heavily infiltrate the
tumor based on the intense PE signals while the control tissue stained with streptavidin-PE but

without the anti-F(ab’), mAb showed background signals only.

[00342]  The materials and methods employed in these experiments are now.
Materials and Methods

NSG Mouse Model

[00343] A colony of immunodeficient NOD/scid/ycnull (NSG) mice was recently
established. NSG mice lack T and B cells, natural killer cells, and also have impaired dendritic
cell function. It has been confirmed that engraftment of activated T cells was superior in NSG
mice over the previous NOD/scid/B2Mnull mouse model. Therefore the NSG model was used

for the human xenotransplantation experiments.

Structure and Characteristics of the Biological System
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[00344]  Although many of the monoclonal and polyclonal Abs directed against EGFRvIII
have cross reactivity to wild type EGFR or other non-specific proteins, a monoclonal antibody
(mAb) 3C10, which was originally developed by immunization of mice with a 14 amino acid
peptide including the EGFRvIII-specific fusion junction, demonstrated highly specific
recognition of EGFRVIII with negligible detectable binding to wild-type EGFR (Okamoto et al.,
1996 Br J Cancer 73:1366-1372). A research-grade lentiviral vector was used for the

transduction of the T cells.
Cell Preparation for Mouse Infusion

[00345] The cells for infusion into mice are human T cells. Human mononuclear cell
enriched apheresis products are obtained by leukapheresis of healthy volunteer donors by the
University of Pennsylvania Human Immunology Core. All specimens are collected under a
University Institutional Review Board-approved protocol, and informed written consent is
obtained from each donor. T cells are negatively selected using a RosetteSep human T cell
enrichment cocktail (Stemcell Technologies, Vancouver, Canada). T cells are transferred to TRP
laboratory where they are activated with research grade CD3/28 beads and expanded in RPMI
with Glutamine, 10% FBS, 20mM Hepes, 100U/ml Penicillin and 100ug/ml Streptomycin.
Vector transduction occurs 24 hours later with packaged lentivectors added directly to activated
cultures. Cells are debeaded on day 5 and expansion is monitored with a Coulter Multisizer
3(Beckman Coulter, Fullerton, CA) for changes in size (fl) and total cell counts, maintaining
concentration between 0.7E6 to 2E6 cells/ml. Transduction efficiency for CAR- transduced T
cells is tested by flow cytometry by staining with either goat anti-mouse antibody (GAM, for
3C10-based CARs) or goat-anti-human (GAH, for 139-based CAR). Mice are infused with 1

million CAR+ T cells per mouse by tail vein injection on day 0 of the study.
Temozolomide (TMZ) Treatment

[00346] Mice bearing i.c. U87-EGFRVIII tumor and receiving CAR+ T cells on day 0
subsequently receive intraperitoneal (i.p.) injections of TMZ on days 0-4 (daily for 5 days):
TMZ is resolved in DMEM at 6.67mg/ml. Each mouse receives 50ul. TMZ solution (333
microgram/dose; approximately 17 mg/kg/dose) by i.p. injections.

Clinical grade CART
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[00347] The CART-EGFRVIII T cells are prepared in the clinical cell and vaccine production
facility (CVPF), and the cell product is autologous T lymphocytes. CD3+ T- cells are enriched
from a leukapheresis product by depletion of monocytes via counterflow centrifugal elutriation .
On day 0, the manufacturing process is initiated with activation of the enriched T-cells using
anti-CD3/CD28 mAb coated magnetic beads. The T cell culture is exposed to the EGFRVIII
CAR lentivirus vector and expanded. The T-cell manufacturing process initiates in a static tissue
culture (day O to day 5), followed by transfer to a Wave bioreactor if needed for additional
expansion under perfusion conditions. At the end of the culture, cells are depleted of magnetic
beads, washed, concentrated, and cryopreserved. The modified T cell product is cryopreserved

in cryobags in a volume dependent on the cell number (at a final concentration of maximum

8
10 /ml ) using a controlled-rate freezer. Cryopreserved EGFRVIII CAR T-cell products are

stored in a monitored freezer at <-130° C. The results of the experiments are now described.

Eradication of intracranial EGFRvIlI-expressing glioblastoma by CAR-T-cells

[00348] Glioblastoma (GBM) is the most common and the most malignant primary brain
tumors, and responsible for approximately 12,000 cancer-related deaths in the US each year.
Patients with GBM have a median survival of sorter than 15 months following treatment with a
combination of chemotherapy (temozolomide) with radiotherapy (RT). Adoptive cell transfer
(ACT) therapy with autologous T-cells, especially with T-cells transduced with chimeric
antigen receptors (CARs), has shown promise in recent hematologic cancer trials. ACT with
CART cells may be particularly suitable for patients with GBM because the specificity, number,
and functional phenotype of cells prepared ex vivo can be manipulated and controlled better

than native T-cells induced by in vivo immunization.

[00349]  Epidermal growth factor receptor variant III (EGFRvIII) is the most common variant
of the EGFR observed in human tumors but is rarely observed in normal tissue. This protein
results from the in-frame deletion of exons 2-7 and the generation of a novel glycine residue at
the junction of exons 1 and 8 within the extra-cellular domain of the EGFR, thereby creating a
tumor-specific epitope. EGFRVIII is expressed in 24% to 67% of GBM, but not in normal

tissues.
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[00350] To develop effective CAR therapy for GBM, three novel lentiviral CAR constructs
targeting EGFRVIII were generated. Each of these vectors encode a single-chain variable
fragment (scFv) derived from EGFRvIII-specific murine monoclonal antibodies (mAbs) 3C10
or EGFRvIII-specific humanized monoclonal antibodies (mAbs) designated “139” (Figure 6).
The 3C10 scFv was coupled with CD8a hinge, 4-1BB and CD3{ domains with or without CD28
trans-membrane and intracellular domains (3C10BBz28-CAR and 3C10BBz-CAR,
respectively). The 139 scFv was coupled with CD8a hinge, 4-1BB and CD3( domains
(139BBz-CAR). Human T-cells transduced with each of these CARs demonstrated specific and
potent lysis of EGFRvIII-expressing U87 human GBM cells (U87-EGFRVIII); see Figure 7.
Immunocompromised NOD/scid/yc(-/-) (NSG) mice bearing Day 7 U87-EGFRVIII tumors in

the brain received intravenous infusions of 1 x 106 human T-cells transduced ex vivo with: 1)
139BBz-CAR; 2) 3C10BBz-CAR; 3) 3C10BBz28-CAR; 4) control CD19BBz-CAR targeting
human CD19. These mice also received intraperitoneal injections of temozolomide (330
mcg/dose) daily on Days 7-11. The tumor growth was monitored by bioluminescence imaging
(BLI) as the U87- EGFRVIII cells also express luciferase. All mice treated with only saline died
by Day 21 due to rapid tumor growth, and temozolomide treatment without ACT inhibited but
did not eradicate the U87-EGFRVIII tumors. Mice receiving CD19BBz-CAR-T-cells and
temozolomide demonstrated some allogeneic responses against U§7-EGFRVIII, but the tumors
continued to grow in these mice. On the other hand, in all mice receiving 139BBz-CAR-,
3C10BBz-CAR-, or 3C10BBz28-CAR-transduced T-cells, the BLI signals diminished to under
baseline levels by Day 21, suggesting total tumor eradication (Figure 8). Importantly, mice
receiving 3C10BBz-CART cells cleared the tumor faster than either the 3C10BBz28 or
139BBz CART cells, suggesting the combination of 3C10 with BBz might afford a better
response in patients. The tumor growth and peripheral immune responses were monitored to
determine whether any of the three EGFRVIII-CAR vectors are superior to the others for long-

term anti-tumor effects.

[00351]  The results presented herein strongly support development of a Phase I clinical trial
of ACT with EGFRvIII-targeting CAR-T-cells in GBM patients who concurrently receive

standard of care chemotherapy with temozolomide.

Clinical Design
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[00352] A single-arm open-label pilot study was designed to determine the safety, tolerability
and engraftment potential of CART-EGFRVIII T cells in patients with EGFRvIII+ newly
diagnosed GBMs. Generally, all subjects are dosed with autologous CART- EGFRVIII T cells.
Eligible subjects are leukapheresed to obtain large numbers of peripheral blood mononuclear
cells (PBMC) for CART-EGFRvIII manufacturing. The T cells are purified from the PBMC,
transduced with the humanized 3C10-CAR lentiviral vector, expanded in vitro and
cryopreserved in appropriate dose aliquots. Cells to be infused are thawed at the bedside

immediately prior to infusion on day O.

[00353]  Subjects are subjected to blood tests to assess safety, and engraftment and
persistence of the CART EGFRVIII cells at regular intervals through week 4 (day 28). The
subsets of circulating T-cells that contain the 3C10-CAR vector are assessed at various times
after infusion and compared to the baseline sample. After day 28, subjects are evaluated
monthly until 6 months with a medical history, a physical examination, brain MRI and blood

tests or as per standard of care.

[00354] Research blood tests are conducted concurrent with these visits. After the six
months, patients are followed every 2 months for two years. After the two-year timepoint,
subjects enter a roll-over study for annual follow-up by phone and questionnaire for an
additional thirteen years to assess for the diagnosis of long-term health problems, such as
development of new malignancy, as required by FDA regulations pertaining to gene transfer

studies.

[00355] Without wishing to be bound by any particular theory, it is believed that because of
the highly restricted expression of the EGFRVIII protein, there is no anticipation of any kind of
off-tumor on-target activation of T cells. Preferably, only one infusion of the CART-EGFRVIII
is administered, and therefore do not anticipate allergic- type responses either. However, one
toxicity that may be encountered is bystander inflammation from T cell activation at the site of
tumor. Symptoms and signs of brain edema will be closely monitored and managed. In some
embodiments, bystander inflammation from T cell activation can be treated by administration

of an anti-inflammatory agent, such as a steroid agent.
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Example 2: Co-transduction of miR-17-92 enhances anti-tumor activity of T-cells transduced
with the anti-EGFRvIII chimeric antigen receptor in mice bearing human glioblastoma

xenografts

[00356] miR-17-92 expression confers type-1 phenotype and enhanced survival of T-cells. It
has been reported that that miR-17-92 is down-regulated in T-cells derived from glioblastoma
(GBM) patients. To improve the efficacy of adoptive transfer therapy against GBM using T-
cells transduced with Chimeric Antigen Receptors (CAR-T-cells), a novel lentiviral vectors for
miR-17-92 and a CAR consisting of epidermal growth factor receptor variant III (EGFRvIII)-
specific single-chain variable fragment (scFv) coupled to the T-cell receptor CD3( chain
signaling module and co-stimulatory motifs of CD137 (4-1BB) and CD28 in tandem (pELNS-
3C10-CAR) was constructed. In addition to antigen- specific and potent cytotoxic activities
against U87 GBM cells stably expressing EGFRvVIII (U87-EGFRvIII), CAR-T-cells co-
transduced with miR-17-92 exhibited improved resistance to T-cell suppressing effects of
transforming growth factor (TGF)-} and temozolomide compared with CAR-T-cells without
miR-17-92 co-transduction. In mice bearing intracranial U87-EGFRVIII xenografts, CAR-T-
cells with or without transgene-derived miR-17-92 expression demonstrated similar levels of
potent therapeutic effects without demonstrating any uncontrolled growth of CAR-T-cells.
However, when these mice were re-challenged with U87-EGFRVIII cells in the brains, mice
receiving co-transduced CAR-T-cells exhibited improved protection compared with mice
treated with CAR-T-cells without miR-17-92 co-transduction. These data support miR-17-92

can be integrated in the CAR to improve the efficacy in patients with GBM.

The results of the experiments are now described.

Construction of lentiviral vectors for EGFRvII-specific CAR and miR-17-92

[00357] A lentiviral vector for a CAR that recognizes the EGFRVIII through a single-chain
variable fragment (scFv) derived from human EGFRvIII-specific monoclonal antibody (mAb)
3C10 (pELNS-3C10-CAR was generated (See Figure 1A). In this construct, the EF-1a
promoter drives the CAR fusion protein integrating the 3C10-derived scFv, CD28 trans-
membrane (TM) as well as 4-1BB and intracellular domains (ICD) and CD3{ domains. A
lentiviral miR-17-92 construct using the FG12-based self-inactivating (SIN) vector (FG12-
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EFla-miR-17/92 was also created (See Figure 1B). In this vector, the EF-1apromoter drives
miR-17-92 and the human UbiC promoter drives enhanced green fluorescence protein (EGFP)
marker gene for tracking of transduced cells. Abbreviations used in the schema: RSV/HIV-1
5’LTR; Hybrid RSV promoter-R/US long terminal repeat, EF-1a; Human elongation factor la-
subunit promoter, VH; Variable region in the heavy chain of the 3C10 immunoglobulin, VL;
Variable region in the light chain of the 3C10 immunoglobulin, HIV-1 A-3’LTR; Self-
inactivating 3' long terminal repeat with deletion in U3 region, CMV/HIV-1 5’LTR Hybrid
CMYV promoter-R/US long terminal repeat, UbiC; Ubiquitin C promoter.

In vitro characterization of human T-cells transduced with the CAR and miR-17-92

[00358] Healthy donor-derived CD3" T-cells were transduced with pELNS-3C10- CAR, and
the cells were evaluated for expression levels of the transgene by flow cytometry for expression
of 3C10-CAR and miR-17-92 by anti-mouse (Fab’), antibody and EGFP, respectively (Figure
2A,Left). Using anti-mouse F(ab’), Ab, which is specific for the 3C10-derived scFv on human
T-cells, nearly half (48.9%) of the T-cells expressing the 3C10-derived scFv on their surface

were detected.
[00359] To obtain human T-cells expressing both the CAR and transgene-derived miR-17-

92, CD3™ T-cells were co-transduced with pELNS-3C10-CAR and FG12-EFla-miR-17/92 by
sequential infection of the two lentiviral vectors. At 24 hours after the initial transduction with
pELNS-3C10-CAR, the T-cells were transduced with FG12- EFla-miR-17-92. It was observed
that approximately a quarter (23.6%) of the total T- cells expressed both CAR and EGFP
(Figure 2A, Right). For subsequent in vitro studies, CAR-transduced T-cells (CAR-T-cells)
were enriched using biotinylated anti-mouse F(ab’), Ab and anti-biotin MACS. Based on the
efficiency of co-transduction (Figure 2A, Right), at least 50% of the CAR-T-cells also
expressed EGFR (hence the transgene- derived miR-17-92). By real-time PCR, 3-4 fold higher
expression of miR-17-92 was detected in the F(ab’), Ab-enriched, miR-17-92-co-transduced
CAR-T-cells compared with T-cells transduced with the CAR alone (Figure 2B). Figure 2B
demonstrates the expression levels of the miR-17-92 cluster members, miR-17-3p, miR-17-5p
and miR-92a-1 in transduced T cells measured by qRT-PCR. Mean = SD values of 3 replicate
measurements from one of three experiments with similar results are depicted. * indicates p <

0.05 between the two groups using student t test. Figure 2C depicts EGFRVIII specific
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cytotoxic activities of transduced T cells evaluated by a 12-h 51Cr-release assay at various E: T
ratios against 51Cr-labeled U87-EGFRVIII or control U87 cells. Control cells were Mock
(EGFP)-transduced T-cells. Values indicate mean + SD in triplicated wells.

[00360] While the mock-transduced T-cells showed only background levels of lysis against
both parental U87 (EGFRvIII-negative) and U87-EGFRVIII cells, T-cells transduced with the
CAR demonstrated potent and specific lysis of EGFRvIII-expressing U87 human GBM cells
(U87-EGFRvIII) with only background levels of cytotoxic effects against parental U87 cells

51
(Figure 2C). In these 12h  Cr-release assays, co-transduction of CAR-T-cells with miR-17-92

did not significantly enhance their specific cytotoxic activity against U87-EGFRVIII target cells.

miR-17-92 co-transduction confers enhanced IFN-Yrelease and resistance 1o suppressive

effects by TGF-B and temozolomide (TMZ — standard of care therapy)

[00361] In a previous study (Sasaki ef al., 2010, J. Transl Med 8:17), CD4% T cells derived
from miR-17-92 transgenic mice demonstrated increased IFN-y production when compared with
counterparts derived from wild type mice; and transfection of human Jurkat T cells with miR-

17-92 lead to enhanced resistance to activation-induced cell death (AICD).

[00362] Experiments were conducted to evaluate whether co-transduction of CAR-T-cells
with miR-17-92 confers improved IFN-y production, cell proliferation and lesser degrees of
apoptotic death when they are exposed to a chemotherapy agent TMZ or an immuno-

suppressive cytokine TGF-p.

[00363] When CAR-T-cells were stimulated with EGFRvIII-transduced artificial Antigen-
Presenting Cells (aAPCs) without TGF- or TMZ, the cells expressed similar levels of IFN-y
with or without co-transduction. However, when the cells were exposed to escalating doses of
TGF-B or TMZ, CAR-T-cells without miR-17-92 co-transduction produced significantly
reduced levels of IFN-y, while the co-transduced CAR-T-cells maintained high level production
of IFN-y (Figure 3A). Open bars and closed bars represent results from CAR-T-cells (without
miR-17-72) and miR-17-92 co-transduced CAR-T cells, respectively. Figure 3A shows IFN-

Y produced by the transduced T cells during the 25 last 24h of 96h co-culture. Figure 3B shows

relative proliferation levels between the groups were evaluated by WST1 assay following the 3-
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day co-culture course. Figures 3C and 3D show apoptotic death of CAR-T-cells evaluated by
Annexin-V and PI. Figure 3C show mean fluorescent intensity for Annexin-V on CAR-T-cells
exposed to TMZ. Values indicate mean = SD in triplicate wells. (* indicates P<0.05) Figure 3D
show flow cytometric histograms for Annexin-V+ and/or PI+ in one of the three experiments

with similar results.

[00364] Experiments were conducted to evaluate the effects of miR-17-92 co-transduction on
proliferation of CAR-T-cells in the presence of TMZ in culture. Experiments were designed to
induce the proliferation of CAR-T-cells with EGFRVIII- expressing aAPC and the proliferation
was evaluated by WST-1 assay (Figure 3B). Without TMZ, miR-17-92-co-transduced CAR-T-
cells demonstrated a trend toward a faster proliferation rate compared with control CAR-T-cells,
but the difference was not significant. To specifically evaluate the impact of TMZ on the CAR-
T-cell proliferation, in Figure 3B, the proliferation rate of the cells in each group was depicted
relative to the proliferation of the same cells without TMZ. When increasing concentrations of
TMZ are added in the culture, the degrees of growth suppression was significantly less in the

miR-17-92 co-transduced CAR-T-cells compared with the control CAR-T-cells.

[00365] Experiments were conducted to evaluate whether miR-17-92-co-transduction would

render CAR-T-cells more resistant to TMZ-induced apoptosis. To this end, flow-cytometric

assessments of Annexin V' and propidium iodide (PI)+ CAR-T- cells were conducted in

increasing concentrations of TMZ (Figure 3C and 3D). It was observed that a dose-dependent
increase of both early apoptotic (Annexin VTPI), apoptotic/necrotic (Annexin VvV PI)and

necrotic (Annexin V'PI+) cells, and miR-17-92-co-transduced CAR-T-cells demonstrated lesser

degrees of the apoptotic changes compared with control CAR-T-cells.

Intravenous injection of CAR-T-cells in combination with TMZ leads to complete remission of

established US7-EGEFRvII tumors in NSG mice

[00366] Experiments were conducted to evaluate the efficacy of CAR-T-cells in
immunocompromised NOD/scid/yc(-/-) (NSG) mice bearing established (Day 7) intracranial
U87-EGFRVIII tumors. Mice received a single intravenous (i.v.) infusion of miR-17-92 co-

transduced CAR-T-cells, CAR-T-cells without co-transduction of miR-17-92, or mock-
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6
transduced T-cells (2 x 10 /mouse) via the tail vein. As newly diagnosed GBM patients

routinely receive TMZ therapy, experiments were designed to administer intraperitoneal (i.p.)
daily injections of TMZ for 5 days starting on the day of T-cell infusion (Figure 4A). Figure 4B
shows a Kaplan- Meier analysis. Median survival of the mice treated with CAR-T cells (with or
without co-transduction of miR-17-92) was significantly greater compared the mice with mock
transduced T cells (p < 0.05). TMZ treatment itself was ineffective as all the control mice
receiving TMZ and mock-transduced T-cells died within 3 weeks (day 21) after the T-cell
infusion (Figure 4B). Although one of five mice with CAR-T-cells and two of five mice with
miR-17-92 co-transduced CAR-T-cells died for the tumor progression by day 22, all the other
mice in these groups survived longer than 40 days. Results are from one of two independent
experiments with similar results. There was not a statistically significant difference in survival
of the mice receiving miR-17-92-co-transduced CAR-T-cells vs. CAR-T-cells without miR-17-
92 co-transduction (log-rank test: p=0.5485).

miR-17-92 co-transduced CAR-T-cells confers a persistent protection against US7- EGFRvIIl

tumors in mice

[00367] To determine whether CAR-T-cells infused in the mice in the experiment presented
in Figure 4 can provide long-term protection of the hosts against the U§7- EGFRvVIII tumors, the
survivors were re-challenged with inoculation of U87-EGFRVIII cells in the contra-lateral
hemisphere of the brain on Day 49 (Figure 5). While the re- challenged tumor cells grew in all
three mice treated with CAR-T-cells, none of the mice treated with miR-17-92-co-transduced
CAR-T-cells demonstrated BLI signals beyond the background levels. These results strongly
suggest that co-transduction of miR-17-92 cluster confers long-term persistence of the CAR-T-
cells, thereby providing prolonged protection of the host against the tumor growth. Longitudinal
measurements of tumor-derived mean photon flux + SD from the 2 groups of mice. The
background luminescence level (up to 10”3 p/s) was defined based on the levels observed in

non-tumor-bearing mice imaged in parallel with tumor-bearing mice in treatment groups

miR-17-92 can be integrated in the CAR to improve efficacy
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[00368] The results presented herein demonstrate the effects of miR-17-92 co- expression in
T-cells transduced with the novel anti-EGFRVIII-CAR (3C10-CAR) integrating 3C10 scFv with
CD3¢ chain, CD137 (4-1BB) and CD28. The present results show that co-expression of miR-
17-92 confers improved resistance to T-cell growth- suppressing effects of TGF-3 and
temozolomide. In vivo, T-cells co-transduced with both 3C10-CAR and miR-17-92
demonstrated more persistent therapeutic effects compared with T-cells transduced with 3C10-

CAR alone.

[00369]  Lentiviral transduction of miR-17-92 in the present study confers ectopic over-
expression of the miR-cluster in transduced T-cells. In physiological conditions, however,

expression levels of endogenous miR-17-92 in T-cells appear to be tightly regulated. In human

CD8™" T cells, miR-17-92 expression is detected high levels in naive cells but diminishes as the
cells differentiate (Salaun ef al., 2011, J Transl Med 9:44). In a mouse model of lymphocytic
choriomeningitis virus infection, miR-17-92 is strongly up- regulated following T-cell
activation, however down-regulated after clonal expansion, and further silenced during memory
development (Wu et al., 2012, Proc Natl Acad Sci USA 109:9965-9970). In this referenced
study, miR-17-92 is necessary for the rapid T- cell expansion and their IFN-y expression.
However, overexpression of miR-17-92 skews the differentiation toward short-lived terminal
effector cells. Failure to down-regulate miR-17-92 leads to a gradual loss of memory cells and
defective central memory cell development (Wu et al., 2012, Proc Natl Acad Sci USA
109:9965-9970). These observations are not necessarily consistent with the results presented
herein as persistence of miR-17-92-co-transduced CAR-T-cells and their efficient ability to
protect the hosts from the re-challenged U87-EGFRVIII cells was observed. Without wishing to
be bound by any particular theory, it is believed that this observation is attributable to the

combinatory effects of the co-stimulatory molecules provided in the CAR and the miR-17-92.

[00370]  Although miR-17-92 has been described as an oncogenic miR (van Haaften and
Agami, 2010, Genes & Development 24:1-4), miR-17-92 overexpression itself is known not to
be oncogenic in lymphocytes (Xiao et al., 2008, Nat Immunol 9:405-414). Indeed, uncontrolled
proliferation of miR-17-92-transduced T-cells in the current study was not observed.
Nonetheless, as an alternative approach for better safety assurance, transient transduction of T-

cells with miR-17-92 itself, instead of lentiviral stable transfer, and multiple injection of those
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T-cells may represent a reasonable approach without the associated safety concerns of

integrating viral vectors (Zhao et al.,2010, Cancer Research 70:9053-9061).

[00371] Inregard to the EGFRvIII-targeting CARs for therapy of GBM, recently, Morgan et
al. evaluated scFv sequences derived from seven different anti-EGFRvVIII mAbs, including
3C10 and human 139, in y-retroviral CARs (Morgan et al., 2012, Hum Gene Ther 23:1043-
1053). The in vitro characterization of those CARs revealed the 3C10 and the 139 as two of the
three clones that yielded specific IFN-y production in response to EGFRvIII-expressing target
cells, but not cells expressing the wild-type EGFR gene.

[00372] Itis also important to recognize that EGFRVIII is expressed only in a population of
GBM patients and fractions of the GBM cells even in “EGFRvIII-positive” cases (Heimberger
et al., 2005, Clin.Cancer Res. 11:1462-1466). Inmunotherapy targeting EGFRVIII as the single
target will likely result in the outgrowth of GBM cells that have down-regulated the
immunotherapy-targeted antigen (Sampson et al, 2010, J Clin Oncol 28:4722-4729). A number
of previous studies have developed CARs against GBM-associated antigens, such as IL-13Ra2
(Kong et al., 2012, Clin Cancer Res 18:5949-5960; Kahlon et al., 2004, Cancer Res. 64:9160-
9166), HER-2 (Ahmed et al., 2010, Clinical Cancer Research 16:474-485) and EphA2 (Chow,
K.K. et al. T Cells Redirected to EphA2 for the Immunotherapy of Glioblastoma. Mol Ther
(2012). Without wishing to be bound by any particular theory, it is believed that effective CAR
therapy should ultimately employ T-cells that are able to resist GBM-induced suppression
mechanisms and target multiple antigens, so that the infused T-cells will exhibit effective and

sustained therapeutic effects against GBM with heterogenous antigen-expression profiles.

[00373]  The results presented herein demonstrate the benefits of using T-cells co- transduced
with pELNS-3C10-CAR and FG12-EF1a-miR-17/92. As an alternative approach to achieve co-
expression of the CAR and miR-17-92 transgene, a pELNS-based lentiviral vector that
expresses both 3C10-CAR gene and miR-17-92 gene as a single transcript was constructed. Use
of this single “tandem” vector may have an advantage in terms of relatively simple transduction
procedures and straightforward regulatory processes compared with the two vector-based
approach. Furthermore, all T-cells that express the CAR should also express miR-17-92.
However, it was found that the transduction efficiency of the “tandem” vector is lower than that

by the two vector approach likely because the titer of lentivirus decreases as the size of insert
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increases. As discussed elsewhere herein, lentiviral transduction of 3C10-CAR gene and

electroporation of miR-17-92 in combination may be a feasible strategy.

[00374] In the present study, it was also found that 40% to 60% of CD31 CAR-T-cells were
CD47, and that CD4™ CAR-T-cells effectively lysed U87-EGFRVIII cells in an EGFRVIII-

specific manner. It has been reported that Perforint CD4™ T-cells mediate cytotoxic activities

via the perforin/granzyme B pathway, but not the Fas/FasL pathway (Porakishvili et al., 2004,

Haematologica 89:435-443). Hence, it is believed that the CD4" CAR-T-cells in the current

study expressed perforin and granzyme B to mediate the observed lytic activities against U87-

EGFRvVIII cells.

[00375] In summary, the current study provides a strong foundation for evaluation of CAR

therapy integrating miR-17-92.

Example 3: CAR Sequences

[00376] Murine monoclonal antibody (mAb) 3C10 was originally developed by
immunization of mice with a 14 amino acid peptide (PEP3) including the EGFRVIII- specific
fusion junction and demonstrated highly specific recognition of EGFRVIII without any
detectable binding to wild-type EGFR (Okamoto et al, British J. Cancer 1996, 73:1366-1372).
Subsequently, a single-chain variable fragment (scFv) of mAb 3C10 was produced and cDNA
for the 3C10 scFv was obtained. While avidity and/or antigen-specificity of the original mAbs
can be often lost in scFv forms, the 3C10 scFv retained its selective reactivity with the

EGFRvIII-specific epitope (Nakayashiki et al., Jpn. J.Cancer Res. 2000, 91:1035-1043).

[00377] An EGFRvVIII CAR was constructed by cloning the 3C10scFv (mouse) with CD28,
4-1BB, and CD3 zeta into the pELNS lentiviral backbone plasmid (EF1 promoter). Another
EGFRvIII CAR was generated by cloning the 3C10scFv into a CD8ahinge/CD8TM/4-
1BB/CD3zeta pELNS lentiviral backbone, which is expressed by EFla promoter.

3C10scFv-CD28BBzeta CAR (Amino Acid) (SEQID NO: 1)
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MALPVTALLLPLALLLHAARPGSEIQLQQSGAELVKPGASVKLSCTGSGFNIEDY
YIHWVKQRTEQGLEWIGRIDPENDETKYGPIFQGRATITADTSSNTVYLQLSSLTS
EDTAVYYCAFRGGVYWGPGTTLTVSSGGGGSGGGGSGGGGSHMDVVMTQSPL
TLSVAIGQSASISCKSSQSLLDSDGKTYLNWLLQRPGQSPKRLISLVSKLDSGVPDRFTG
SGSGTDFTLRISRVEAEDLGIY YCWQGTHFPGTFGGGTKLEIKASTTTPAPR
PPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDFWVLVVVGGVLACYSL
LVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSKR
GRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQ
GONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEA
YSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

3C10scFv-BBz CAR (Amino Acid) (SEQ ID NO: 2)
MALPVTALLLPLALLLHAARPGSEIQLQQSGAELVKPGASVKLSCTGSGFNIE

DYYIHWVKQRTEQGLEWIGRIDPENDETKYGPIFQGRATITADTSSNTVYLQLSSLTSE
DTAVYYCAFRGGVYWGPGTTLTVSSGGGGSGGGGSGGGGSHMDVVMTQSPL
TLSVAIGQSASISCKSSQSLLDSDGKTYLNWLLQRPGQSPKRLISLVSKLDSGVPD
RFTGSGSGTDFTLRISRVEAEDLGIYYCWQGTHFPGTFGGGTKLEIKASTTTPAPR
PPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSL
VITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAP
AYKQGOQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDK
MAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

3C10scFv-CD28BBzeta CAR (Nucleic Acid) (SEQ ID NO: 18)

atggccttaccagtgaccgecettgetectgecgetggecttgetgetccacgecgecaggecgggatcegagattcagetgeag
caatctggggcagaacttgtgaagccaggggcctcagtcaagetgtcctgcacaggttctggcttcaacattgaagactactatat
tcactgggtgaagcagaggactgaacagggcctggaatggattggaaggattgatcctgagaatgatgaaactaaatatggece
aatattccagggcagggccactataacagcagacacatcctccaacacagtctacctgcaactcagecagectgacatctgagga
cactgcegtctattactgtgectttcgeggtggagtctactgggggoccaggaaccactctcacagtctecctcaggaggtggtgottceggt
ggtgotgottccggaggtggtggttcacatatggatgttgtgatgacccagtctccactcactctatcggttgecattggac
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aatcagcctccatctcttgcaagtcaagtcagagectcttagatagtgatggaaagacatatttgaattggttgttacagaggccaggecagt
ctccaaagcegectaatctetetggtgtctaaactggactctggagtcectgacaggttcactggecagtggatcagggac
agatttcacactgagaatcagcagagtggaggctgaggatttgggaatttattattgctggcaaggtacacattttcctgggacgtt
cggtggagggaccaagetggagataaaagetagecaccacgacgecagegeecgegaccaccaacaccggegeccaccateg
cgtcgeageecctgteecctgegeccagaggegtgecggecageggegggggocgcagtgcacacgaggggectggacttcgeetgt
gatttttgggtoctggtggtggttggtggagtcctggcttgctatagettgetagtaacagtggcectttattattttctgggte
aggagtaagaggagcaggctcctgcacagtgactacatgaacatgactccecgecgececgggeccacccgeaageattace
agccctatgecccaccacgegacttcgecagectatcgetccaaacggggcagaaagaaactceetgtatatattcaaacaaccatt
tatgagaccagtacaaactactcaagaggaagatggctgtagetgccgatttccagaagaagaagaaggaggatgtgaactga
gagtgaagttcagcaggagegcagacgeecccgegtacaagecagggecagaaccagetctataacgagetcaatctaggacgaagag
aggagtacgatgttttggacaagagacgtggccgggaccctgagatggggogaaagecgagaaggaagaaccct
caggaaggcctgtacaatgaactgcagaaagataagatggcggaggcectacagtgagattgggatgaaaggcgagegecgg
aggggcaaggggcacgatggectttaccagggtctcagtacagecaccaaggacacctacgacgeccttcacatgcaggeece

tgceeectege

3C10scFv-BBz CAR (Nucleic Acid) (SEQ ID NO: 19)

Atggccttaccagtgaccgecttgetectgeegetggecttgetgetecacgecgecaggecgggatecgagattcagetgea
gcaatctggggcagaacttgtgaagccaggggcectcagtcaagetgtcctgecacaggttctggettcaacattgaagactactat
attcactgggtgaagcagaggactgaacagggcctggaatggattggaaggattgatcctgagaatgatgaaactaaatatgge
ccaatattccagggcagggccactataacagcagacacatcctccaacacagtctacctgcaactcagecagectgacatctgaggacact
gecgtctattactgtgectttcgeggtggagtctactgggggccaggaaccactctcacagtctectcaggaggtggte
gttccggtggtogtoottccggaggtggtgottcacatatggatgttgtgatgacccagtctccactcactctatcggttgecattg
gacaatcagcctecatctettgcaagtcaagtcagagectcttagatagtgatggaaagacatatttgaattggttgttacagagge
caggccagtctccaaagegectaatetetetggtgtctaaactggactctggagtecctgacaggttcactggeagtggatcagg
gacagatttcacactgagaatcagcagagtggaggctgaggatttgggaatttattattgctggcaaggtacacattttcctgggacgttcg
gtggagggaccaagetggagataaaagetageaccacgacgecagegecgegaccaccaacaccggegeccace
atcgcgtegecageccctgteectgegeccagaggegtgecggecageggegggggecgeagtgcacacgagggggectgg
acttcgectgtgatatctacatctgggegeccttggecgggacttgtggggtectictectgtcactggttatcacectttactgecaa
acggggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgtage

tgccgatttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagegeagacgeccccgegtacaageaggg
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ccagaaccagcetctataacgagcetcaatctaggacgaagagaggagtacgatgttttggacaagagacgtggecggge
accctgagatggggggaaagecgagaaggaagaaccctcaggaaggcectgtacaatgaactgcagaaagataagatggeggaggce
tacagtgagattgggatgaaaggcgagecgecggaggggcaaggggcacgatggectttaccagggtctcagtacagecaccaagga

cacctacgacgccecttcacatgcaggecectgeceectcge

[00378] The scFv fragment termed “139” is a human antibody to EGFRVIII (Morgan et al.,
2012 Hum Gene Ther 23(10): 1043-53). An EGFRvIII CAR comprising the 139 scFv was
generated by initially synthesizing the 139 scFv. The sequence for the 139 scFv was cloned with
a leader sequence, CDS hinge, transmembrane (TM) domain, and the desired signaling domains.
For example, the sequence for the 139 scFv was cloned with the signaling domains for 4-1BB
and CD3 zeta. The CAR construct (139scFv-BBZ) is expressed from the pELNS vector for

lentivirus production.

139scFv-BBz CAR (Amino Acid) (SEQ ID NO: 3)

MALPVTALLLPLALLLHAARPGSDIQMTQSPSSLSASVGDRVTITCRASQGIRNNL
AWYQQKPGKAPKRLIYAASNLQSGVPSRFTGSGSGTEFTLIVSSLQPEDFATYYC
LOQHHSYPLTSGGGTKVEIKRTGSTSGSGKPGSGEGSEVQVLESGGGLVQPGGSLR
LSCAASGFTFSSYAMSWVRQAPGKGLEWVSAISGSGGSTNYADSVKGRFTISRD
NSKNTLYLOQMNSLRAEDTAVYYCAGSSGWSEYWGQGTLVTVSSASTTTPAPRP
PTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLV
ITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPA
YKQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKM
AEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

139scFv-BBz CAR (Nucleic Acid) (SEQ ID NO: 20)

Atggccttaccagtgaccgecttgetectgeegetggecttgetgetccacgecgecaggeegggatecgacatccagatgacccaga
geectageagectgagegecagegtgggcgacagagtgaccatcacctgtcgggecagecagggcatcagaaaca
acctggcectggtatcagcagaageccggceaaggeccccaagagactgatctacgetgecageaatctgecagageggegtgee

cagcagattcaccggaagcggctceggeaccgagttcaccectgatcgtgtccagectgecageecgaggacttcgecacctact
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actgectgecagcaccacagcetacectctgaccageggeggaggeaccaaggtggagatcaageggaccggeageaccage
ggcageggeaagectggecageggegagggaagegaggtccaggtgctggaatetggeggeggactggtgcagectggeggcage
ctgagactgagctgtgccgecageggcettcaccttcagecagetacgecatgtettgggtccggeaggctectggaaag
ggectggaatgggtgtccgecatcageggetetggeggctccaccaactacgecgacagegtgaagggcecggttcaccatcageegg
gacaacagcaagaacaccctgtatctgcagatgaacagectgagagecgaggacaccgecgtgtactactgtgeegg
cagcagcgggtggagegagtactggggccagggcacactggtcacagtgtctagegetagecaccacgacgecagegecge
gaccaccaacaccggcegeccaccatcgegtcgeageecctgtecctgegeccagaggegtgecggecageggecggeego
cgecagtgcacacgagggggctggacttcgectgtgatatctacatctgggegeecttggecgggacttgtggggtecttctectgtcactg
gttatcaccctttactgcaaacggggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagagga
agatggctgtagctgecgatttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagegeagacgeccccge
gtacaagcagggccagaaccagcetctataacgagctcaatctaggacgaagagaggagtacgatgtittggacaagagacgtggecgg
gaccctgagatgggeogaaagecgagaaggaagaaccctcaggaaggectgtacaatgaactgecagaaagataagatggeggage
cctacagtgagattgggatgaaaggcgagegecggaggoocaagggocacgatggcctttaccagggtctcagtacagecaccaag

gacacctacgacgcccttcacatgcaggecectgeeececteget

CAR COMPONENTS

NUCLEIC ACID SEQUENCES:

. 3C10 scFv Nucleotide Sequence (Mouse); (SEQ ID NO: 4)

GAGATTCAGCTGCAGCAATCTGGGGCAGAACTTGTGAAGCCAGGGGCCTCAGTCA
AGCTGTCCTGCACAGGTTCTGGCTTCAACATTGAAGACTACTATATTCACTGGGTG
AAGCAGAGGACTGAACAGGGCCTGGAATGGATTGGAAGGATTGATCCTGAGAATG
ATGAAACTAAATATGGCCCAATATTCCAGGGCAGGGCCACTATAACAGCAGACAC
ATCCTCCAACACAGTCTACCTGCAACTCAGCAGCCTGACATCTGAGGACACTGCCG
TCTATTACTGTGCCTTTCGCGGTGGAGTCTACTGGGGGCCAGGAACCACTCTCACA
GTCTCCTCAGGAGGTGGTGGTTCCGGTGGTGGTGGTTCCGGAGGTGGTGGTTCACA
TATGGATGTTGTGATGACCCAGTCTCCACTCACTCTATCGGTTGCCATTGGACAATC
AGCCTCCATCTCTTGCAAGTCAAGTCAGAGCCTCTTAGATAGTGATGGAAAGACAT
ATTTGAATTGGTTGTTACAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATCTCTCTG
GTGTCTAAACTGGACTCTGGAGTCCCTGACAGGTTCACTGGCAGTGGATCAGGGAC
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AGATTTCACACTGAGAATCAGCAGAGTGGAGGCTGAGGATTTGGGAATTTATTATT
GCTGGCAAGGTACACATTTTCCTGGGACGTTCGGTGGAGGGACCAAGCTGGAGAT
AAAA

. 139 scFv Nucleotide Sequence (Humanized); (SEQ ID NO: 5)

GACATCCAGATGACCCAGAGCCCTAGCAGCCTGAGCGCCAGCGTGGGCGACAGAG
TGACCATCACCTGTCGGGCCAGCCAGGGCATCAGAAACAACCTGGCCTGGTATCA
GCAGAAGCCCGGCAAGGCCCCCAAGAGACTGATCTACGCTGCCAGCAATCTGCAG
AGCGGCGTGCCCAGCAGATTCACCGGAAGCGGCTCCGGCACCGAGTTCACCCTGA
TCGTGTCCAGCCTGCAGCCCGAGGACTTCGCCACCTACTACTGCCTGCAGCACCAC
AGCTACCCTCTGACCAGCGGCGGAGGCACCAAGGTGGAGATCAAGCGGACCGGCA
GCACCAGCGGCAGCGGCAAGCCTGGCAGCGGCGAGGGAAGCGAGGTCCAGGTGCT
GGAATCTGGCGGCGGACTGGTGCAGCCTGGCGGCAGCCTGAGACTGAGCTGTGCC
GCCAGCGGCTTCACCTTCAGCAGCTACGCCATGTCTTGGGTCCGGCAGGCTCCTGG
AAAGGGCCTGGAATGGGTGTCCGCCATCAGCGGCTCTGGCGGCTCCACCAACTAC
GCCGACAGCGTGAAGGGCCGGTTCACCATCAGCCGGGACAACAGCAAGAACACCC
TGTATCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACTGTGCC
GGCAGCAGCGGGTGGAGCGAGTACTGGGGCCAGGGCACACTGGTCACAGTGTCTA
GC

. leader (nucleic acid sequence); (SEQ ID NO: 6)

ATGGCCTTACCAGTGACCGCCTTGCTCCTGCCGCTGGCCTTGCTGCTCCACGC
CGCCAGGCCG

. hinge (nucleic acid sequence); (SEQ ID NO: 7)
ACCACGACGCCAGCGCCGCGACCACCAACACCGGCGCCCACCATCGCOETCGC

AGCCCCTGTCCCTGCGCCCAGAGGCGTGCCGGCCAGCGGCGGGGGGCGCAGT
GCACACGAGGGGGCTGGACTTCGCCTGTGAT

. transmembrane (nucleic acid sequence); (SEQ ID NO: §)
ATCTACATCTGGGCGCCCTTGGCCGGGACTTGTGGGGTCCTTCTCCTGTCACT

GGTTATCACCCTTTACTGC

127



WO 2014/130657 PCT/US2014/017364

. 4-1BB Intracellular domain (nucleic acid sequence); (SEQ ID NO: 9)
AAACGGGGCAGAAAGAAACTCCTGTATATATTCAAACAACCATTTATGAGAC
CAGTACAAACTACTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCCAGAAGAAGA
AGAAGGAGGATGTGAACTG

. CD3 zeta (nucleic acid sequence); (SEQ ID NO: 10)
AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTACAAGCAGGGCCAG
AACCAGCTCTATAACGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGTTT
TGGACAAGAGACGTGGCCGGGACCCTGAGATGGGGGGAAAGCCGAGAAGGA
AGAACCCTCAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAGATGGCGG
AGGCCTACAGTGAGATTGGGATGAAAGGCGAGCGCCGGAGGGGCAAGGGGC
ACGATGGCCTTTACCAGGGTCTCAGTACAGCCACCAAGGACACCTACGACGC
CCTTCACATGCAGGCCCTGCCCCCTCGC

o CD3 zeta (nucleic acid sequence; NCBI Reference Sequence NM_000734.3); (SEQ
ID NO:100)
AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTACCAGCAGGGCCAG
AACCAGCTCTATAACGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGTTT
TGGACAAGAGACGTGGCCGGGACCCTGAGATGGGGGGAAAGCCGAGAAGGA
AGAACCCTCAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAGATGGCGG
AGGCCTACAGTGAGATTGGGATGAAAGGCGAGCGCCGGAGGGGCAAGGGGC
ACGATGGCCTTTACCAGGGTCTCAGTACAGCCACCAAGGACACCTACGACGC
CCTTCACATGCAGGCCCTGCCCCCTCGC

AMINO ACID SEQUENCES:

. 3C10 scFv Amino Sequence (Mouse); (SEQ ID NO: 11)
EIQLQQSGAELVKPGASVKLSCTGSGFENIEDYYIHWVKQRTEQGLEWIGRIDPEN
DETKYGPIFQGRATITADTSSNTVYLQLSSLTSEDTAVYYCAFRGGVYWGPGTTL
TVSSGGGGSGGGGSGGGGSHMDV VMTQSPLTLSVAIGQSASISCKSSQSLLDSDG
KTYLNWLLQRPGQSPKRLISLVSKLDSGVPDRFTGSGSGTDFTLRISRVEAEDLGI
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YYCWQGTHFPGTFGGGTKLEIK
. 139 scFv Amino Sequence (Human); (SEQ ID NO: 12)

DIQMTQSPSSLSASVGDRVTITCRASQGIRNNLAWYQQKPGKAPKRLIYAASNLQ
SGVPSRFTGSGSGTEFTLIVSSLQPEDFATYYCLQHHS YPLTSGGGTKVEIKRTGS

TSGSGKPGSGEGSEVQVLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVROQAP
GKGLEWVSAISGSGGSTNYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYY
CAGSSGWSEYWGQGTLVTVSS

¢ leader (amino acid sequence) (SEQ ID NO: 13)
MALPVTALLLPLALLLHAARP

. hinge (amino acid sequence) (SEQ ID NO: 14)
TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD

. transmembrane (amino acid sequence) (SEQ ID NO: 15)

IYIWAPLAGTCGVLLLSLVITLYC

. 4-1BB Intracellular domain (amino acid sequence) (SEQ ID NO: 16)
KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL

. CD3 zeta domain (amino acid sequence) (SEQ ID NO: 17)
RVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQE
GLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

o CD3 zeta domain (amino acid sequence; NCBI Reference Sequence NM_000734.3)
(SEQ ID NO:99)
RVKFSRSADAPAYQQGQONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQE
GLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

[00379]  The nucleotide encoding the polypeptide of SEQ ID NO:11 is provided as SEQ ID
NO:4. The nucleotide encoding the polypeptide of SEQ ID NO:12 is provided as SEQ ID NO:5.
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The nucleotide encoding the polypeptide of SEQ ID NO:13 is provided as SEQ ID NO:6. The
nucleotide encoding the polypeptide of SEQ ID NO:14 is provided as SEQ ID NO:7. The
nucleotide encoding the polypeptide of SEQ ID NO:15 is provided as SEQ ID NO:8. The
nucleotide encoding the polypeptide of SEQ ID NO:16 is provided as SEQ ID NO:9. The
nucleotide encoding the polypeptide of SEQ ID NO:17 is provided as SEQ ID NO:10. The
nucleotide encoding the polypeptide of SEQ ID NO:1 is provided as SEQ ID NO:18. The
nucleotide encoding the polypeptide of SEQ ID NO:2 is provided as SEQ ID NO:19. The
nucleotide encoding the polypeptide of SEQ ID NO:3 is provided as SEQ ID NO:20. The
nucleotide encoding the polypeptide of SEQ ID NO:99 is provided as SEQ ID NO:100.

Example 4: Predicted CDR designations for the EGFRvIIICAR
[00380] The predicted CDR designations for the EGFRvIII CAR under Kabat are as follows:

] VH:
EIQLQQSGAELVKPGASVKLSCTGSGFNIEDY YIHW VKQRTEQGLEWIGRIDPEN
DETKYGPIFQGRATITADTSSNTVYLQLSSLTSEDTAVYYCAFRGGVYWGPGTT
LTVSS; (SEQ ID NO: 21);

wherein CDR1 is DYYIH (SEQ ID NO: 22), CDR2 is RIDPENDETKY GPIFQG
(SEQ ID NO: 23), and CDR3 is RGGVY (SEQ ID NO: 24).

. VL:
DVVMTQSPLTLSVAIGQSASISCKSSQSLLDSDGKTYLNWLLQRPGQSPKRLISL
VSKLDSGVPDRFTGSGSGTDFTLRISRVEAEDLGIYYCWQGTHFPGTFGGGTKLEIK;
(SEQ ID NO: 25);

wherein CDR1 is KSSQSLLDSDGKTYLN (SEQ ID NO: 26), CDR2 is
LVSKLDS (SEQ ID NO: 27), and CDR3 is WQGTHFPGT (SEQ ID NO: 28).

[00381] The predicted CDR designations for the EGFRvIII CAR under Chothia are as

follows:
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] VH:
EIQLQQSGAELVKPGASVKLSCTGSGFNIEDYYIHWVKQRTEQGLEWIGRIDPEN
DETKYGPIFQGRATITADTSSNTVYLQLSSLTSEDTAVYYCAFRGGVYWGPGTT
LTVSS; (SEQ ID NO: 29);

wherein CDR1 is GFNIEDY (SEQ ID NO: 30), CDR2 is DPENDE (SEQ ID NO:
31), and CDR3 is RGGVY (SEQ ID NO: 32).

] VL:
DVVMTQSPLTLSVAIGQSASISCKSSQSLLDSDGKTYLNWLLQRPGQSPKRLISL
VSKLDSGVPDRFTGSGSGTDFTLRISRVEAEDLGIYYCWQGTHFPGTFGGGTKLEIK;
(SEQ ID NO: 33);

wherein CDR1 is SQSLLDSDGKTY (SEQ ID NO: 34), CDR2 is LVS (SEQ ID
NO: 35), and CDR3 is GTHFPG (SEQ ID NO: 36).

Example 5: Humanization of Murine Anti-EGFRvIII Antibody

[00382] Humanization of murine EGFRVIII antibody is desired for the clinical setting, where
the mouse-specific residues may induce a human-anti-mouse antigen (HAMA) response in
patients who receive treatment with T cells transduced with the murine CAR construct. VH and
VL sequences of hybridoma derived murine EGFRVIII antibody were extracted from published
literature (Morgan et al. (2012) Human Gene Therapy, 23: 1043-1953, Supra). Humanization
was accomplished by grafting CDR regions from murine EGFRVIII antibody onto human
germline acceptor frameworks VHI1_1-f or VHS5_5a as well as VK2_A17 or VK4_B3 (vBASE
database). In addition to the CDR regions, several framework residues , i.e. VK2 #36, #49,
VK4 #2, #36, #46, #49, VHI1 #2, #24, #76, #94 and VHS #2, #24, #73, #76, #94, thought to
support the structural integrity of the CDR regions were retained from the murine sequence.
Further, the human J elements JH6 and JK4 were used for the heavy and light chain,
respectively. The resulting amino acid sequences of the humanized antibody were designated
VK2_A17/Hz1 and VK4_B3/Hzl1 for the light-chains and VH1_1-f/Hz1, VHS5_5-a/Hz1 for the
heavy chains shown in Figure 9. The residue numbering follows Kabat (Kabat E.A. et al, 1991,
supra). For CDR definitions, both Kabat as well as Chothia et al, 1987 supra) were used.
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Frame work residues retained from mouse EGFRVIII are shown boxed bold /italic, CDR

residues are underlined.

[00383] Based on the humanized light and heavy chain sequences as shown in Figure 9, a
total of 8 framework combinations were used to generate soluble scFv’s for further validation.
The order in which the VL and VH domains appear in the scFv was varied (i.e., VL-VH, or
VH-VL orientation), and four copies of the “G4S” subunit (SEQ ID NO: 37), in which each
subunit comprises the sequence GGGGS (SEQ ID NO:37) was used to connect the
frameworks. Figure 9 discloses the CDR’s in the VH and VL sequences calculated by Kabat
et al and Chothia et al. (Supra).

Cloning:
[00384] DNA sequences coding for mouse and humanized VL and VH domains were
obtained, and the codons for the constructs were optimized for expression in cells from Homo

sapiens.

[00385] Sequences coding for VL. and VH domain were subcloned into expression vectors
suitable for secretion in mammalian cells. Elements of the expression vector include a promoter
(Cytomegalovirus (CMV) enhancer-promoter), a signal sequence to facilitate secretion, a
polyadenylation signal and transcription terminator (Bovine Growth Hormone (BGH) gene), an
element allowing episomal replication and replication in prokaryotes (e.g. SV40 origin and
ColE1 or others known in the art) and elements to allow selection (ampicillin resistance gene

and zeocin marker).

Example 6: Characterization of humanized anti-EGFRvIII soluble scFv fragments
[00386]  Soluble scFv fragments were generated described above using standard molecule
biology techniques. These soluble scFvs were used in characterization studies to examine the

stability, cell surface expression, and binding properties of the scFvs.
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scFv expression and purification

[00387]  For transfection of each scFv construct, approximately 3e8 293F cells were
transfected with 100 pg of plasmid using PEI as the transfection reagent at the ratio of 3:1
(PELI:DNA). The cells were grown in 100ml EXPi293 Expression media (Invitrogen) in a
shaker flask at 37°C, 125 rpm, 8% CQO,. The culture was harvested after six days and used for

protein purification.

[00388]  293F cells were harvested by spinning down at 3500g for 20 minutes. The
supernatant was collected and filtered through VacuCap90 PF Filter Unit (w/0.8/0.2pm Super
Membrane, PALL). Around 400ul of Ni-NTA agarose beads (Qiagen) were added to the
supernatant. The mixture was rotated and incubated for 4 hrs at 4°C. It was loaded onto a
purification column and washed with washing buffer with 20mM Histidine. The protein was
eluted with 500ul elution buffer with 300mM Histidine. The samples were dialyzed against
PBS buffer at 4C overnight. Protein samples were quantified using nanodrop 2000c.

ECso by FACS binding of purified scFv’s to cells expressing either human EGFR wild type or
EGFRvIII

[00389] The following experiments were conducted to demonstrate that all the humanized
EGFRVIII scFv variants have comparable binding to EGFRVIII, but no binding to wild type
EGFR.

[00390] HEK?293F suspension cells were transiently transfected with either wild type
hEGFR or hEGFRVIII and were harvested 2 days after transfection. Approximately 5e5 cells
/per well were transferred to a BD Falcon 96 well plate. The cells were spun down at 900 rpm
(Sorval Legend XT centrifuge) for 3 minutes. The supernatant was removed. Anti-EGFRVIII
scFv protein samples were diluted in DPBS with 5% FBS. The samples were added into the
wells, mixed and incubated for 1 hour. The cells were washed twice in the DPBS with 5% FBS.
The cells were incubated with anti-poly His PE (R&D) for 1 hour, washed twice before FACS
analysis (LSRII from BD Biosciences).
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[00391] The ECso of mouse scFv (m3C10) for hEGFRVIII was determined to be ~5 nM as
shown in Figure 10. All the humanized EGFRVIII scFv variants showed ECsq values in the
single digit to low double digit nM ECsgs range (5-50 nM), Moreover, no appreciable binding
of constructs 2173 and 2174 to wild type EGFR expressing cell lines was detected indicating an
improved safety profile compared to murine 3C10, as shown in Figure 11. Based on these

studies, clone 2173 was selected for further clinical characterization, as shown in Example 8

Example 7: Humanized EGFRvIII CAR Constructs

[00392]  ScFv to be used in the final CAR constructs were derived from the humanized
framework sequences described in Example 1. The order in which the VL and VH domains
appear in the scFv was varied (i.e., VL-VH, or VH-VL orientation). A (G4S)s (SEQ ID NO:

113), linker was used to connect the variable domains to create the scFvs shown in Table 1.

[00393] Table 1. Humanized EGFRVIII scFv constructs showing VH and VL orientation
and linker length (Table discloses "G4S" as SEQ ID NO: 37)

construct ID Length aa  annotation
108358 277 VHI1-VK4, 4G4S
108359 277 VK4-VH1, 4G4S
108360 277 VH5-VK2, 4G4S
108361 277 VK2-VHS, 4G4S
107276 277 VHI1-VK2, 4G4S
111046 278 VH5-VK4, 4G4S
111048 278 VK4-VHS, 4G4S
107277 277 VK2-VH1, 4G4S
107275
mEGFRvVIII 3C10 274 VH-VL, 3G4S+HM
EGFRVIII 139 269 VL-VH,

[00394]  The sequences of the humanized scFv fragments are provided below in Table 2
(SEQ ID NO:38, SEQ ID NO:44, SEQ ID NO:50, SEQ ID NO:56, SEQ ID NO:62, SEQ ID
NO:68, SEQ ID NO:74, and SEQ ID NO:80). These scFv fragments were used with additional
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sequences, SEQ ID NOs: 13-17, to generate full CAR constructs with SEQ ID NOs: SEQ ID
NO:43, SEQ ID NO:49, SEQ ID NO:55, SEQ ID NO:61, SEQ ID NO:67, SEQ ID NO:73,
SEQ ID NO:79, and SEQ ID NO:85.

[00395]

These clones all contained a Q/K residue change in the signal domain of the co-

stimulatory domain derived from CD3zeta chain.

Table 2: Humanized EGFRvVIII CAR Constructs

Name SEQ ID Sequence
NO:

CAR1

CARI1 38 eiglvgsgaevkkpgatvkisckgsgfniedyyihwvqqapgkglewmgridpendet

scFv kygpifqgrvtitadtstntvymelsslrsedtavyycafrggvywgqgttvtvssggggsg

domain gggsggegsgggosdvvmtqspdslavslgeratinckssqslldsdgktylnwlqgkpg
gppkrlislvskldsgvpdrfsgsgsgtdftltisslqaedvavyycwqgthfpgtfgggtkv
eik

CARI1 39 gaaatccagcetggteccaatcgggagetgaggtcaagaagecgggagecaccgtcaagatet

scFv catgcaaggggtcgooattcaacatcgaggactactacattcactgggtgcagcaagetccg

domain nt ggaaaaggcctggaatggatgggcagaatcgacccagaaaacgacgaaactaagtacgga
ccgattttccaaggaagagtgactatcaccgecgatacttcaaccaataccgtctacatggaac
tgagctcgeteccggteccgaagatactgeagtgtattactgtgectttcgeggagggotgtactg
gggccaaggaactactgtcactgtetegtcaggaggeggagggtcgggaggaggcgggag
cggaggcggtgectcggotggcggaggaagegacgtggtgatgacccagtecccggacte
cctecgeegtgagecteggagagaggecgactatcaattgcaagtcgteccagtcacttetgga
ttccgatggtaaaacgtacctcaactggcetgcagcaaaagecagggcagecacccaaacggt
tgatctcccttgtgtccaaactggatageggagtgcctgaccgettctcgggttccggtagegg
gaccgacttcaccctgacgatcagetcactgcaggeggaggacgtggcagtgtactactget
ggcagggaacccacttcectggeacctitggaggtggcaccaaggtggagatcaag

CARI1 40 atggcecteectgtcaccgeectgetgettecgetggcetettetgetccacgeecgeteggeeeg

Soluble aaatccagctggtccaatcgggagetgaggtcaagaagecgggagecaccgtcaagatcte

scFv - nt atgcaagggeotcgggattcaacatcgaggactactacattcactgggtgcagcaagetecgg
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gaaaaggcctggaatggatgggcagaatcgacccagaaaacgacgaaactaagtacggac
cgattttccaaggaagagtgactatcaccgecgatacttcaaccaataccgtctacatggaact

gagctcgetecggtecgaagatactgecagtgtattactgtgectttcgeggaggegtgtactgg

ggccaaggaactactgtcactgtctcgtcaggaggcggagggtcgggaggagecggeage
ggaggcggtgoctcgggtggcggaggaagegacgtggtgatgacccagtccecggactee
ctcgecgtgagectcggagagagggcgactatcaattgcaagtegtcecagtcacttetggatt
ccgatggtaaaacgtacctcaactggetgecagcaaaagecagggeagecacccaaacggtt
gatctcecttgtgtccaaactggatageggagtgectgacegettctcgggttccggtagegge
accgacttcaccctgacgatcagetcactgecaggeggaggacgtggcagtgtactactgctg
gcagggaacccacttccctggeacctttggaggtggcaccaaggtggagatcaagggatcg

caccaccatcaccatcatcatcac

CARI1 41 Malpvtalllplalllhaarpeiglvgsgaevkkpgatvkisckgsgfniedyyihwvqqap
Soluble gkglewmgridpendetkygpifqgrvtitadtstntvymelsslrsedtavyycafrggvy
scFv - aa wgqgttvtvssggggsgggesggegsgegosdvvmtqspdslavslgeratinckssqsl

ldsdgktylnwlqqkpgqppkrlislvskldsgvpdrfsgsgsgtdftltisslqaedvavyy
cwqgthfpgtfgggtkveikgshhhhhhhh

CAR1- 42 atggcecteectgtcaccgeectgetgettecgetggcetettetgetccacgeecgeteggeeeg
Full — nt agatccagctggtgcagtcgggagetgaagtcaaaaagectggegcaaccgtcaagatcteg
lentivirus tgcaaaggatcagggttcaacatcgaggactactacatccattgggtgcaacaggeaccegg

aaaaggcctggagtggatggggaggattgacccagaaaatgacgaaaccaagtacggace
gatcttccaaggacgggtgaccatcacggetgacacttccactaacaccgtctacatggaact

ctcgagecttcgetcggaagataccgeggtgtactactgegectttagaggtggagtctactgg

ggacaagggactaccgtcaccgtgtegtcaggtggcggaggatcaggcggaggcggectce
ggtggaggagoaageggaggaggtggctccgacgtggtgatgacgcagtcaccggactee
ttggcggtgagectgggtgaacgegecactatcaactgcaagagetcccagagettgetgga
ctccgatggaaagacttatctcaattggetgcaacagaagectggecagecgecaaagagac
tcatctcactggtgagcaagcetggatagecggagtgccagatcggtiticgggatcgggctcag
gcaccgacttcaccctgactatttcctcectccaagecgaggatgtggecgtctactactgttgg
caggggactcacttcccggggaccttcggtggaggecactaaggtggagatcaaaaccactac

cccageaccgaggecacccaccecggetectaccatcgectceccagectctgtecetgegte

cggaggcatgtagacccgeagetggtgggaccgtgcatacccggggtcttgacttcgectge

136




WO 2014/130657

PCT/US2014/017364

gatatctacatttgggcccctetggcetggtacttgeggggtectgetgcetttcactegtgatcact
ctttactgtaagcgcggtcggaagaagetgetgtacatctttaagcaaccettcatgaggectgt
gcagactactcaagaggaggacggctgttcatgccggttcccagaggaggaggaagecgg
ctgcgaactgegegtgaaattcagecgcagegecagatgetccagectacaageaggggeag
aaccagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctggacaageg
gagaggacgggacccagaaatgggcgggaagecgegeagaaagaatcecccaagagggc
ctgtacaacgagctccaaaaggataagatggcagaagectatagecgagattggtatgaaagg
ggaacgcagaagaggcaaaggecacgacggactgtaccagggactcageaccgecacca

aggacacctatgacgctcttcacatgcaggecctgecgectegg

CAR1- 43 malpvtalllplalllhaarpeiqlvqsgaevkkpgatvkisckgsgfniedyyihwvqqap

Full - aa gkglewmgridpendetkygpifggrvtitadtstntvymelsslrsedtavyycafrgg
vywgqgttvtvssggggsggggsggoosgoogosdvvmtqspdslavslgeratinckss
gslldsdgktvinwlqqkpgqppkrlislvskldsgvpdrfsgsgsgtdftltisslqaedva
vyycwagthfpgtfgggtkveiktttpaprpptpaptiasqplslrpeacrpaaggavhtrg
ldfacdiyiwaplagtcgvlllslvitlyckrgrkkllyitkqpfmrpvqttqeedgcscripe
eeeggcelrvkfsrsadapaykqgqnqlynelnlgrreeydvldkrrgrdpemggkprrk
npgeglynelgkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmgalpp
r

CAR 2

CAR2 44 dvvmtgspdslavslgeratinckssqslldsdgktylnwlqqkpgqppkrlislvskldsg

scFv vpdrfsgsgsgtdftltisslqaedvavyycwqgthfpgtfgggtkveikggggsggggsg

domain gggsggegseiqlvgsgaevkkpgatvkisckgsgfniedyyithwvqqapgkglewm
gridpendetkygpifqgrvtitadtstntvymelsslrsedtavyycafrggvywgqgttvt
vss

CAR2 45 gatgtcgtgatgacccagtceccagacteectecgeagtgtecttgggagaacgggcecaccate

scFv aactgcaaatcgagccagtcactgctggactcagacggaaagacctacctcaactggetgea

domain - nt gcagaagectggecagecaccgaagegectgatctecctggtgtccaagetggactcgggce

gtceeggacaggtttageggtageggetcgggaaccgacttcactctgaccattagetecgete
caagctgaagatgtggcggtctactactgctggcaggggacceacttccccgggacctttgge

ggaggaactaaagtcgaaatcaaaggaggaggcggatcaggtggaggaggecageggagg
aggagggagcgecggtggcgectccgaaattcaacttgtgcaatceggtgecgaggtgaag
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aaacctggtgccactgtcaagatctcgtgtaagggatcgggattcaatatcgaggactactaca
tccactgggtgcaacaggegecaggaaagggattggagtggatggetcgcatcgacccgga
aaacgatgagactaagtacggaccgatcttccaaggecgggtcacgatcactgeggatacct

ccactaataccgtgtatatggagctctcgtcactgagaagegaagatacggecgtgtactactg

cgcattcagaggaggtgtgtactgggeccagggaactactgtgaccgtgtegtcg

CAR?2 -
Soluble

scFv - nt

46

atggccecteectgtcaccgecctgetgettecgetggcetettctgetccacgecgetcggeecg
atgtcgtgatgacccagtccecagacteectcgeagtgtecttgggagaacgggecaccatca
actgcaaatcgagccagtcactgctggactcagacggaaagacctacctcaactggetgeag
cagaagcctggecagecaccgaagegectgatetecetggtgteccaagetggactcgggegt
cccggacaggtttageggtageggetcgggaaccgacttcactetgaccattagetcgeteca
agctgaagatgtggcggtctactactgctggcaggggacccacttcecccgggacctttggeg
gaggaactaaagtcgaaatcaaaggaggaggcggatcaggtggaggaggcageggagea
ggagggagcggcggtogocgectccgaaattcaacttgtgcaatccggtgecgaggtgaaga
aacctggtgccactgtcaagatctcgtgtaagggatcgggattcaatatcgaggactactacat
ccactgggtgcaacaggcgecaggaaagggattggagtggatgggtcgcatcgacccgga
aaacgatgagactaagtacggaccgatcttccaaggecgggtcacgatcactgeggatacct
ccactaataccgtgtatatggagctctcgtcactgagaagegaagatacggecgtgtactactg
cgcattcagaggaggtgtgtactgggeccagggaactactgtgaccgtgtegtcggggtcac

atcaccaccatcatcatcaccac

CAR?2 -
Soluble

scFv - aa

47

malpvtalllplalllhaarpdvvmtqgspdslavslgeratinckssqslldsdgktylnwlqq

kpgqppkrlislvskldsgvpdrfsgsgsgtdftltisslqaedvavyycwqgthfpgtfgge

tkveikggggsgegesggogsgegoseiqlvgsgaevkkpgatvkisckgsgtniedyyi
hwvqqapgkglewmgridpendetkygpifqgrvtitadtstntvymelsslrsedtavy

ycafrggvywgqgttvtvssgshhhhhhhh

CAR 2 -
Full - nt

48

atggccecteectgtcaccgecctgetgettecgetggcetettctgetccacgecgetcggeecg
acgtggtcatgactcaaagcecagattcettggetgtcteccttggagaaagagcaacgatcaa
ttgcaaaagctcgeagtecctgttggactccgatggaaaaacctacctcaactggetgecagea
gaagccgggacaaccaccaaageggctgatttcectegtgtccaagetggacageggegtg

ccggatcgettctcgggeageggctcgggaaccgattttactctcactatttcgtcactgcaage

ggaggacgtggcggtgtattactgctggcagggcactcacttcccgggtacttitggtggagg
taccaaagtcgaaatcaagggtggaggcgggageggaggagecgggtcgggaggagea
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ggatcgggtggcggaggctcagaaatccagetggtgcagtcaggtgeccgaagtgaagaag
cctgggogccacggtgaagatctcgtgcaaggggageggattcaacatcgaggattactacat
ccattgggtgcaacaggcecctggcaaagggctggaatggatgggaaggatcgaccecga
gaatgacgagactaagtacggcccgatcttccaaggacgggtgaccatcactgcagacactt
caaccaacaccgtctacatggaactctectcgetgegetccgaggacaccgecgtgtactact
gtgctttcagaggaggagtctactggggacagggaacgaccgtgaccgtcagetcaaccact
accccageaccgaggecacccaccccggetectaccatcgecteccagectetgteectgeg
tccggaggcatgtagaccegeagetggtgggeccgtgcatacccggggtcttgacttcgect
gcgatatctacatttgggcccctctggetggtacttgecggggtectgetgctttcactcgtgatea
ctctttactgtaagcgeggtcggaagaagetgetgtacatctttaagcaacccttcatgaggcct
gtgcagactactcaagaggaggacggctgttcatgecggttcccagaggaggaggaaggecg
getgegaactgegegtgaaattcagecgeagegeagatgetccagectacaageaggggea
gaaccagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctggacaage
ggagaggacgggacccagaaatgggegggaagecgegeagaaagaatccecaagaggg
cctgtacaacgagcetccaaaaggataagatggcagaagectatagegagattggtatgaaag
gggaacgcagaagaggcaaaggecacgacggactgtaccagggactcageaccgecace

aaggacacctatgacgctcttcacatgcaggeectgecgectegg

CAR2 - 49 malpvtalllplalllhaarpdvvmtqgspdslavslgeratinckssqgslidsdgktylnwlq

Full - aa gkpgqppkrlislvskldsgvpdrfsgsgsgtdftitisslqaedvavyycwqgthfpgtfe
ggtkveikggegsgegesggoosgogaseiqlvgsgaevkkpgatvkisckgsgtnied
yvyvihwvqqapgkglewmgridpendetkygpifggrvtitadtstntvymelsslrsed
tavyycafrggvywegqgttvtvsstttpaprpptpaptiasqplslrpeacrpaaggavhtrg
ldfacdiyiwaplagtcgvlllslvitlyckrgrkkllyitkqpfmrpvqttqeedgcscripe
eeeggcelrvkfsrsadapaykqgqnqlynelnlgrreeydvldkrrgrdpemggkprrk
npgeglynelgkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmgalpp
r

CAR3

CAR3 50 eiglvgsgaevkkpgeslrisckgsgfniedyyihwvrgmpgkglewmgridpendetk

scFv ygpifqghvtisadtsintvylgwsslkasdtamyycafrggvywgqgttvtvssggggsg

domain gggsggegsggeosdvvmtqsplslpvtlggpasisckssqslldsdgktylnwlqqrpg

gsprrlislvskldsgvpdrfsgsgsgtdftlkisrveaedvgvyycwqgthfpgtfgggtky
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eik

CAR3
scFv

domain nt

51

gagattcagctggtccaaageggegeagaagtgaaaaagecaggggaatcgttgcgceatca
gctgtaaaggttccggcettcaacatcgaggactattacatccattgggtgcggcagatgecag

gaaagggegctggaatggatgggacggattgacccggagaacgacgaaaccaagtacggac
cgatctttcaaggacacgtgactatctccgecgacaccageatcaatacggtgtacctccaatg

gtcctcactcaaggectcggataccgegatgtactactgegegttcagaggaggegtctactg

gggacaagggactactgtgactgtctcatcaggaggtggaggaageggaggaggtgectcg
ggcggaggtogatcgggaggaggaggotccgatgtggtgatgacccagtececactgtege
tcceggtgaccetecggacagectgetageatctcgtgcaaatectegeaatecctgetggacte
ggacggaaaaacgtacctcaattggctgcageagegeectggecagageccgagaaggctt
atctcgctggtgtcaaagetggatageggtgtgcccgaccggttcageggetcagggtcagg

aaccgatttcaccttgaagatctcccgegtggaagecgaagatgtcggagtctactactgetgg

cagggtactcacttcccggggacctttggtggcggcactaaggtcgagattaag

CAR 3 -
Soluble

scFv - nt

52

atggccecteectgtcaccgecctgetgettecgetggcetettctgetccacgecgetcggeecg
agattcagctggtccaaagcggcgcagaagtgaaaaagecaggggaatcgttgegeatcag
ctgtaaaggttccggcttcaacatcgaggactattacatccattgggtgcggcagatgecagga
aaggggctggaatggatgggacggattgacccggagaacgacgaaaccaagtacggaccg
atctttcaaggacacgtgactatctccgecgacaccageatcaatacggtgtacctccaatggt

cctcactcaaggectcggataccgegatgtactactgegegticagaggaggegtctactggg

gacaagggactactgtgactgtctcatcaggaggtggaggaageggaggaggtegctcgge
cggaggtggatcgggaggaggaggetccgatgtggtgatgacccagtcecccactgtegete
ccggtgaccetcggacagectgetageatctcgtgcaaatectegeaatecctgetggactcg
gacggaaaaacgtacctcaattggctgcagecagegecctggecagageccgagaaggctta
tctcgetggtgtcaaagetggatageggtgtgeccgaccggttcageggctcagggtcagga
accgatttcaccttgaagatctcccgegtggaagecgaagatgtcggagtctactactgetgge
agggtactcacttcccggggacctttggtggcggcactaaggtcgagattaagggctcacace

atcatcaccatcaccaccac

CAR 3 -
Soluble

scFv - aa

53

malpvtalllplalllhaarpeiqlvqsgaevkkpgeslrisckgsgfniedyyihwvrgmp

gkglewmgridpendetkygpifqghvtisadtsintvylqwsslkasdtamyycafrgg

vywgqgttvtvssggggsgegesggegsgggasdvvmtgsplslpvtlggpasisckss
gslldsdgktylnwlqqrpgqsprrlislvskldsgvpdrfsgsgsgtdftlkisrveaedvgy
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yycwqgthfpgtfgggtkveikgshhhhhhhh

CAR 3 -
Full - nt

54

atggccecteectgtcaccgecctgetgettecgetggcetettctgetccacgecgetcggeecg
aaatccagcetggtgcaaagcggagecgaggtgaagaageccggagaatecctgegeatcte
gtgtaagggttccggctttaacatcgaggattactacatccactgggtgagacagatgecggg
caaaggtctggaatggatgggccgeatcgacccggagaacgacgaaaccaaatacggacce
aatcttccaaggacatgtgactatttccgcggatacctccatcaacactgtctacttgcagtgga
getegetcaaggegtecggataccgecatgtactactgegeattcagaggaggtgtgtactgge
gccagggcactacggtcaccgtgtectcgggaggtggagggtcaggaggeggaggctcgg
geggtggaggatcaggeggaggaggaagegatgtggtcatgactcaatcececactgtcact
gecetgtcactctggggcaaccggcettccatctcatgcaagtcaagecaatcgetgetcgactee
gacggaaaaacctacctcaattggcttcagecagegeccaggecagtecgectcggaggcetgat
ctcactcgtgtcgaagcttgactccggggtgccggatcggtttagcggaageggatcgggea
ccgacttcacgttgaagattageccgggtggaagecgaggacgtgggagtctattactgetggce
aggggacccacttcccggggactttcggaggaggcaccaaagtcgagattaagaccactac
cccageaccgaggecacccaccecggetectaccatcgectceccagectctgtecetgegte
cggaggcatgtagacccgeagetggtgggaccgtgcatacccggggtcttgacttcgectge
gatatctacatttgggcccctetggcetggtacttgeggggtectgetgcetttcactegtgatcact
ctttactgtaagcgcggtcggaagaagetgetgtacatctttaagcaaccettcatgaggectgt
gcagactactcaagaggaggacggctgttcatgccggttcccagaggaggaggaagecgg
ctgcgaactgegegtgaaattcagecgcagegecagatgetccagectacaageaggggeag
aaccagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctggacaageg
gagaggacgggacccagaaatgggcgggaagecgegeagaaagaatcecccaagagggc
ctgtacaacgagctccaaaaggataagatggcagaagectatagecgagattggtatgaaagg
ggaacgcagaagaggcaaaggecacgacggactgtaccagggactcageaccgecacca

aggacacctatgacgctcttcacatgcaggecctgecgectegg

CAR 3 -
Full - aa

55

malpvtalllplalllhaarpeiqlvqsgaevkkpgeslrisckgsgfniedyyihwvrgmp
gkglewmgridpendetkygpifgghvtisadtsintvylgwsslkasdtamyycafrg

gvywgqgttvtvssggggsgggesggggsgegosdvvmtqsplslpvtlggpasiscks
sgslldsdgktvinwlqqrpggsprrlislvskldsgvpdrfsgsgsgtdftlkisrveaedv

gvyycwagthfpgtfggetkveiktttpaprpptpaptiasqplslrpeacrpaaggavhtr
gldfacdiyiwaplagtcgvlllslvitlyckrgrkkllyifkqpfmrpvqttqeedgescrip
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eeeeggcelrvkfsrsadapaykqgqnglynelnlgrreeydvldkrrgrdpemggkprr
knpgeglynelgkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmgalp

pr

CAR 4

CAR4
scFv

domain

56

dvvmtgsplslpvtlggpasisckssqslldsdgktylnwlqqrpggsprrlislvskldsgv
pdrfsgsgsgtdftlkisrveaedvgvyycwqgthfpgtfgggtkveikggggsgggesg

gggsggegseiqlvgsgaevkkpgeslrisckgsgfniedyyihwvrgmpgkglewmg
ridpendetkygpifqghvtisadtsintvylqwsslkasdtamyycafrggvywgqgttv

tvss

CAR4
scFv

domain nt

57

gacgtcgtcatgacccagageccgetgtcactgectgtgacectgggecagecggegtecat
tagctgcaaatcctcgcaatecctgetcgactcagacggaaaaacgtacttgaactggctccaa
cagcgecctgggcaatccccaaggeggcttatctcactcgtcagecaagetcgatageggtgte

ccagacagattttcgggctcgggatcgggcactgatttcactctgaagatctcgegggtggaa

geegaggatgtgggagtgtactattgctggecagggceactcacttccecgggacgtttggegg
aggaactaaggtcgagatcaaaggaggaggtggatcaggcggaggtgggagcggaggag
gaggaagcggtggtogagettccgaaatccagetggtgcaatcaggagecgaggtgaaga
agccgggagaatecctgegeatctcgtgecaagggcetcgggcttcaacatcgaggattactac
atccactgggtgcggcagatgecgggaaaggggttggaatggatgggacgcattgacccgg
aaaatgatgaaaccaaatacgggccaatcttccaaggecacgtgaccattagegcetgacactt
ccatcaacaccgtgtaccttcagtggtectcactgaaggegtcggacactgecatgtactactg

tgcattcagaggaggggtctactggggacagggcaccaccgtgaccgtgagetce

CAR4 -
Soluble

scFv - nt

58

atggccecteectgtcaccgecctgetgettecgetggcetettctgetccacgecgetcggeecg
acgtcgtcatgacccagageecgetgtcactgectgtgaccctgggecageecggegtccatta
gctgcaaatcctcgeaatecetgetcgactcagacggaaaaacgtacttgaactggctccaac
agcgeectgggceaatceccaaggeggcttatctcactegtcagecaagetcgatageggtgtee
cagacagattttcgggctcgggatcgggcactgatttcactctgaagatctcgegggtggaag

ccgaggatgtggogagtotactattgetggcagggcactcacttceccegggacgtttgecgea
ggaactaaggtcgagatcaaaggaggaggtggatcaggcggaggtgggageggageagg
aggaagcggtggtggagottccgaaatccagetggtgcaatcaggagecgaggtgaagaa
geegggagaateectgegeatctcgtgcaagggctcggecttcaacatcgaggattactacat

ccactgggtgcggcagatgecgggaaaggggttggaatggatgggacgeattgaccegga
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aaatgatgaaaccaaatacgggccaatcttccaaggecacgtgaccattagegetgacacttc
catcaacaccgtgtaccttcagtggtcctcactgaaggegtcggacactgecatgtactactgt
gecattcagaggaggggtctactggggacagggcaccaccgtgaccgtgagetecggetege

atcaccatcatcaccaccatcac

CAR4 - 59 malpvtalllplalllhaarpdvvmtqgsplslpvtlggpasisckssqslldsdgktylnwlqq

Soluble rpgqsprrlislvskldsgvpdrfsgsgsgtdftlkisrveaedvgvyycwqgthfpgtfggg

scFv -aa tkveikggggsgegesggogsgegoseiqlvgsgaevkkpgeslrisckgsgfniedyyi
hwvrgmpgkglewmgridpendetkygpifqghvtisadtsintvylqwsslkasdtam
yycafrggvywgqgttvtvssgshhhhhhhh

CAR 4 - 60 atggcecteectgtcaccgeectgetgettecgetggcetettetgetccacgeecgeteggeeeg

Full - nt acgtcgtcatgacccaatceectcetetecctgecggtcacectgggtcageecggegtegatcte

atgcaaaagctcacagtccctgctggattcggacggaaaaacctacttgaactggetccaaca
gaggccggetcagtceectcgeagactgatctcgetggtgagecaagetcgactcgggtgtec
cggatcggttctccgggtcaggatcgggcaccgactttacgetcaagatttcgagagtggagg
ccgaggatgtgggagtgotactattgctggcagggcacgeatttcecccgggacctttggaggece
gggactaaggtggaaatcaagggagetggcgeatcagecggaggagecagegecggag
gtggatcaggaggcggagggtcagagatccagetggtccaaageggageagaggtgaaga
agccaggcgagtcccttcgeatttcgtgcaaagggageggcttcaacattgaagattactacat
ccactgggtgcggcaaatgccaggaaagggtctggaatggatgggacggatcgacccaga
aaatgatgaaactaagtacggaccgatcttccaaggacacgtcactatctccgeggacacttc
gatcaacaccgtgtacctccagtggagcagcettgaaagectccgacaccgcetatgtactactgt
gecetteegeggaggagtcetactggggacaggggactactgtgaccgtgtecgtccaccactac
cccageaccgaggecacccaccecggetectaccatcgectceccagectctgtecetgegte
cggaggcatgtagacccgeagetggtgggaccgtgcatacccggggtcttgacttcgectge
gatatctacatttgggcccctetggcetggtacttgeggggtectgetgcetttcactegtgatcact
ctttactgtaagcgcggtcggaagaagetgetgtacatctttaagcaaccettcatgaggectgt
gcagactactcaagaggaggacggctgttcatgccggttcccagaggaggaggaagecgg
ctgcgaactgegegtgaaattcagecgcagegecagatgetccagectacaageaggggeag
aaccagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctggacaageg

gagaggacgggacccagaaatgggegggaagecgegcagaaagaatceccaagagggec
ctgtacaacgagctccaaaaggataagatggcagaagectatagecgagattggtatgaaagg
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ggaacgcagaagaggcaaaggecacgacggactgtaccagggactcagecaccgecacca

aggacacctatgacgctcttcacatgcaggecctgecgectegg

CAR 4 -
Full - aa

61

malpvtalllplalllhaarpdvvmtqgsplslpvtlggpasisckssgslldsdgktylnwlq

qrpggsprrlislvskldsgvpdrfsgsgsgtdftlkisrveaedvgvyycwqgthfpgtfe

ggtkveikggegsgegosggoosgogaseiqlvgsgaevkkpgeslrisckgsgtniedy
yihwvrgmpgkglewmgridpendetkygpifgghvtisadtsintvylqwsslkasd

tamyycafrggvywgqgttvtvsstttpaprpptpaptiasqplslrpeacrpaaggavhtr
gldfacdiyiwaplagtcgvlllslvitlyckrgrkkllyifkqpfmrpvqttqeedgescrip
eeeeggcelrvkfsrsadapaykqgqnglynelnlgrreeydvldkrrgrdpemggkprr
knpgeglynelgkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmgalp

pr

CAR S

CARS
scFv

domain

62

eiglvgsgaevkkpgatvkisckgsgfniedyyihwvqqapgkglewmgridpendet

kygpifqgrvtitadtstntvymelsslrsedtavyycafrggvywgqgttvtvssggggsg
gggsggegsggeosdvvmtqsplslpvtlggpasisckssqslldsdgktylnwlqqrpg

gsprrlislvskldsgvpdrfsgsgsgtdftlkisrveaedvgvyycwqgthfpgtfgggtky
eik

CARS
scFv

domain nt

63

gaaatccagctcgtgcagageggagecgaggtcaagaaaccgggtgctaccgtgaagattt
catgcaagggatcgggcttcaacatcgaggattactacatccactgggtgcagecaggcacca
ggaaaaggacttgaatggatgggccggatcgacccggaaaatgacgagactaagtacggee
ctatcttccaaggacgggtgacgatcaccgcagacactagcaccaacaccgtctatatggaac
tctcgtecctgaggtecgaagatactgecgtgtactactgtgegtttcgeggaggtgtgtactgg
ggacagggtaccaccgtcaccgtgtcatcgggeggtggaggctecggtggaggagggtca
ggaggcggtggaageggaggaggcggcagegacgtggtcatgactcaatcgecgetgteg
ctgeecgtcactectgggacaaccegegtecatcagetgecaaatectegeagtcactgettgact
ccgatggaaagacctacctcaactggcetgcagceaacgeccaggecaatecccaagacgect
gatctcgttggtgtcaaagctggactcaggggtgccggaccggtictccgggageggetcgg
gcacggatttcactctcaagatctccagagtggaagecgaggatgtgggagtctactactgct

ggcagggaacccatttcectggaactttitggcggaggaactaaggtcgagattaaa

CARS -
Soluble

64

atggccecteectgtcaccgecctgetgettecgetggcetettctgetccacgecgetcggeecg
aaatccagcetcgtgcagageggagecgaggtcaagaaaccgggtgctaccgtgaagatttca
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scFv - nt

tgcaagggatcgggcttcaacatcgaggattactacatccactgggtgcagcaggcaccagg
aaaaggacttgaatggatgggccggatcgacccggaaaatgacgagactaagtacggecect
atcttccaaggacgggtgacgatcaccgcagacactagcaccaacaccgtctatatggaactc
tcgtcectgaggtecgaagatactgecgtgtactactgtgegtttcgeggaggtgtetactggg

gacagggtaccaccgtcaccgtgtcatcgggeggtegaggctccggtggaggagoegtcag

gaggcggtggaagcggaggaggcggcagegacgtggtcatgactcaatcgecgetgtege
tgceegtecactctgggacaacccgegtecatcagetgcaaatectcgecagtecactgettgacte
cgatggaaagacctacctcaactggctgcagcaacgeccaggecaatccccaagacgectg
atctcgttggtgtcaaagctggactcaggggtgccggaccggttctccgggagegggteggg
cacggatttcactctcaagatctccagagtggaagecgaggatgtgggagtctactactgetg

gcagggaacccatttccctggaacttttggcggaggaactaaggtcgagattaaagggagece

accatcatcatcaccaccaccac

CARS -
Soluble

scFv -aa

65

malpvtalllplalllhaarpeiqlvqsgaevkkpgatvkisckgsgfniedyyihwvqqap

gkglewmgridpendetkygpifqgrvtitadtstntvymelsslrsedtavyycafrggvy
wegqgttvtvssggggsgggesggegsgegasdvvmtqsplslpvtlggpasisckssgsl
ldsdgktylnwlqqrpggsprrlislvskldsgvpdrfsgsgsgtdftlkisrveaedvgvyy
cwqgthfpgtfgggtkveikgshhhhhhhh

CAR 5 -
Full - nt

66

atggccecteectgtcaccgecctgetgettecgetggcetettctgetccacgecgetcggeecg
aaatccagcetcgtgcagageggagecgaggtcaagaaaccgggtgctaccgtgaagatttca
tgcaagggatcgggcttcaacatcgaggattactacatccactgggtgcagcaggcaccagg
aaaaggacttgaatggatgggccggatcgacccggaaaatgacgagactaagtacggecect
atcttccaaggacgggtgacgatcaccgcagacactagcaccaacaccgtctatatggaactc
tcgtcectgaggtecgaagatactgecgtgtactactgtgegtttcgeggaggtgtetactggg
gacagggtaccaccgtcaccgtgtcatcgggeggtegaggctccggtggaggagoegtcag
gaggcggtggaagcggaggaggcggcagegacgtggtcatgactcaatcgecgetgtege
tgceegtecactctgggacaacccgegtecatcagetgcaaatectcgecagtecactgettgacte
cgatggaaagacctacctcaactggctgcagcaacgeccaggecaatccccaagacgectg
atctcgttggtgtcaaagctggactcaggggtgccggaccggttctccgggagegggteggg
cacggatttcactctcaagatctccagagtggaagecgaggatgtgggagtctactactgetg
gcagggaacccatttccctggaacttttggcggaggaactaaggtcgagattaaaaccactac

cccageaccgaggecacccaccecggetectaccatcgectceccagectctgtecetgegte
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cggaggcatgtagacccgeagetggtgggaccgtgcatacccggggtcttgacttcgectge
gatatctacatttgggcccctetggcetggtacttgeggggtectgetgcetttcactegtgatcact

ctttactgtaagcgcggtcggaagaagetgetgtacatctttaagcaaccettcatgaggectgt
gcagactactcaagaggaggacggctgttcatgccggttcccagaggaggaggaagecgg
ctgcgaactgegegtgaaattcagecgcagegecagatgetccagectacaageaggggeag
aaccagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctggacaageg
gagaggacgggacccagaaatgggcgggaagecgegeagaaagaatcecccaagagggc
ctgtacaacgagctccaaaaggataagatggcagaagectatagecgagattggtatgaaagg
ggaacgcagaagaggcaaaggecacgacggactgtaccagggactcageaccgecacca

aggacacctatgacgctcttcacatgcaggecctgecgectegg

CAR S5 -
Full - aa

67

malpvtalllplalllhaarpeiqlvqsgaevkkpgatvkisckgsgfniedyyihwvqqap

gkglewmgridpendetkygpifggrvtitadtstntvymelsslrsedtavyycafrgg

vywgqgttvtvssggggsggggsggggsggegsdvvmtqsplslpvtlggpasisckss
gslldsdgktvinwlqqrpggsprrlislvskldsgvpdrfsgsgsgtdftlkisrveaedvg

vyycwqgthfpgtfegotkveiktttpaprpptpaptiasqplslrpeacrpaaggavhtrg
ldfacdiyiwaplagtcgvlllslvitlyckrgrkkllyitkqpfmrpvqttqeedgcscripe
eeeggcelrvkfsrsadapaykqgqnqlynelnlgrreeydvldkrrgrdpemggkprrk
npgeglynelgkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmgalpp

r

CAR 6

CAR6
scFv

domain

68

eiglvgsgaevkkpgeslrisckgsgfniedyyihwvrgmpgkglewmgridpendetk
ygpifqghvtisadtsintvylgwsslkasdtamyycafrggvywgqgttvtvssggggsg
gggsggegsgggosdvvmtqspdslavslgeratinckssqslldsdgktylnwlqgkpg
gppkrlislvskldsgvpdrfsgsgsgtdftltisslqaedvavyycwqgthfpgtfgggtkv
eik

CAR6
scFv

domain nt

69

gaaatccagctggtgcagtcaggegecgaggtcaagaagecgggagagtcgctgagaatct
cgtgcaagggctcgggattcaacatcgaggactactacattcactgggtcaggcagatgecg
ggaaagggactggaatggatggeccggatcgacccagaaaatgacgaaaccaaatacggg
ccgatttttcaaggccacgtgactatcagecgcagacacgageatcaacactgtctacctccagt

ggtectegettaaggecagegataccgctatgtactactgegceattcagaggeggggtgtact
ggggacaaggaaccactgtgaccgtgageageggaggtggegectcgggageagetegg
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agcggaggaggaggttccggcggtggaggatcagatgtcgtgatgacccagtececggact
cectegetgtetcactgggegagegegegaccatcaactgcaaatcgagecagtegetgttg
gactccgatggaaagacttatctgaattggctgcaacagaaaccaggacaacctcccaageg
gctcatctegettgtgtcaaaactcgattcgggagtgccagaccgetteteggggtecgggag
cggaactgactttactttgaccatttcctcactgcaageggaggatgtgoccgtgtattactgttg
gcagggcacgceatttccctggaaccttcggtggcggaactaaggtggaaatcaag

CARG -
Soluble

scFv - nt

70

atggccecteectgtcaccgecctgetgettecgetggcetettctgetccacgecgetcggeecg
aaatccagcetggtgcagtcaggcgecgaggtcaagaagecgggagagtcgctgagaatcte
gtgcaagggctcgggettcaacatcgaggactactacattcactgggtcaggcagatgecgg
gaaagggactggaatggatggoccggatcgacccagaaaatgacgaaaccaaatacgggec
cgatttttcaaggccacgtgactatcagcgcagacacgagcatcaacactgtctacctccagtg
gtcctegettaaggecagegataccgetatgtactactgegeattcagaggeggggtgtactg

gggacaaggaaccactgtgaccgtgagcageggaggtggcgectcgggaggagetgoea
gecggaggaggaggttccggeggtggaggatcagatgtcgtgatgacccagtecccggacte
cctegetgtetcactgggegagegegegaccatcaactgcaaatcgagecagtegetgttge

actccgatggaaagacttatctgaattggctgcaacagaaaccaggacaacctcccaagegg
ctcatctcgcttgtgtcaaaactcgattcgggagtgccagaccgettctcggggtecgggage

ggaactgactttactttgaccatttcctcactgcaageggaggatgtggccgtgtattactgttge
cagggcacgcatttccctggaaccttcggtggcggaactaaggtggaaatcaagggatcaca

ccaccatcatcaccatcaccaccat

CARG -
Soluble

scFv - aa

71

malpvtalllplalllhaarpeiqlvqsgaevkkpgeslrisckgsgfniedyyihwvrgmp

gkglewmgridpendetkygpifqghvtisadtsintvylqwsslkasdtamyycafrgg

vywgqgttvtvssggggsgegesggegsgegasdvvmtqspdslavslgeratinckss
gslldsdgktylnwlqqgkpgqppkrlislvskldsgvpdrfsgsgsgtdftltisslqaedvayv

yycwqgthfpgtfgggtkveikgshhhhhhhhh

CARG6 —
Full - nt

72

atggccecteectgtcaccgecctgetgettecgetggcetettctgetccacgecgetcggeecg
agattcagctcgtgcaatcgggagcggaagtcaagaagecaggagagtecttgecggatctea
tgcaagggtagcggctttaacatcgaggattactacatccactgggtgaggcagatgecggg
gaagggactcgaatggatgggacggatcgacccagaaaacgacgaaactaagtacggtce
gatcttccaaggcecatgtgactattagcgecgatacttcaatcaataccgtgtatctgcaatggte

ctcattgaaagcctcagataccgegatgtactactgtgctttcagaggaggggtctactgggega
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cagggaactaccgtgactgtctcgtccggeggaggegggtcaggaggtggcggcagegga
ggaggagggtccggeggagetgggotccgacgtegtgatgacccagageectgacagectg
gecagtgagectgggcgaaagagetaccattaactgcaaatcgtcgecagagectgetggacte
ggacggaaaaacgtacctcaattggctgcagecaaaagectggecagecaccgaagegectt
atctcactggtgtcgaagetggattcgggagtgcccgatcgettcteccggetcgggatcgget
actgacttcaccctcactatctectcgcettcaagcagaggacgtggecgtctactactgetggea
gggaaccceactttccgggaaccttcggeggagggacgaaagtggagatcaagaccactace
ccagceaccgaggcecacccaceccggcetectaccatcgecteccagectetgteectgegtee
ggaggcatgtagacccgeagetggtgggeccgtgecatacceggggtettgacttcgeetgeg
atatctacatttgggcccctctggetggtacttgecggggtcectgetgcetttcactcgtgatcactct
ttactgtaagcgecggtcggaagaagetgetgtacatctttaagcaaccettcatgaggectgtg
cagactactcaagaggaggacggctgttcatgccggticccagaggaggaggaaggcggct
gcgaactgegegtgaaattcagecgecagegeagatgetccagectacaagecaggggeaga
accagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctggacaagegg
agaggacgggacccagaaatgggcgggaagecgegeagaaagaatccccaagagggect
gtacaacgagctccaaaaggataagatggcagaagectatagecgagattggtatgaaaggg
gaacgcagaagaggcaaaggccacgacggactgtaccagggactcageaccgecaccaa

ggacacctatgacgctcttcacatgcaggeectgecgectegg

CARG6 - 73 malpvtalllplalllhaarpeiqlvqsgaevkkpgeslrisckgsgfniedyyihwvrgmp
Full — aa gkglewmgridpendetkygpifgghvtisadtsintvylgwsslkasdtamyycafrg

gvywgqgttvtvssggggsgggesggggsgegosdvvmtgspdslavslgeratincks
sgslldsdgktvinwlqgkpgqppkrlislvskldsgvpdrfsgsgsgtdftltisslqaedv

avyycwqggthfpgtfgggtkveiktttpaprpptpaptiasqplslrpeacrpaaggavhtr
gldfacdiyiwaplagtcgvlllslvitlyckrgrkkllyifkqpfmrpvqttqeedgescrip
eeeeggcelrvkfsrsadapaykqgqnglynelnlgrreeydvldkrrgrdpemggkprr
knpgeglynelgkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmgalp

pr
CAR 7
CAR7 74 dvvmtgspdslavslgeratinckssqslldsdgktylnwlqqkpgqppkrlislvskldsg
scFv vpdrfsgsgsgtdftltisslqaedvavyycwqgthfpgtfgggtkveikggggsggggsg
domain gggsggegseiqlvgsgaevkkpgeslrisckgsgfniedyyihwvrgmpgkglewmg
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ridpendetkygpifqghvtisadtsintvylqwsslkasdtamyycafrggvywgqgttv

tvss

CAR7
scFv

domain nt

75

gacgtggtgatgacccaatcgecagattccctggeagtgtecctgggcgaacgegecactatt
aactgcaaatcgtcacagtccttgcttgattccgacggaaagacctacctcaattggetccage
agaagccaggacaaccgccaaagagactgatctcectggtgtcaaagetggactcgggagt
gectgatcggttctcgggtagegggageggeaccgacttcactctgaccatctcgtcacteca
ggctgaggacgtggccgtgtattactgttggcagggtactcactttccgggceactttcggaggc
ggeaccaaggtggagattaaaggaggagecggaageggaggtggageatcgggagoteg
tgggagcggcggaggagggagcgagatccagetcgtccaatcgggageggaagtgaaga
agcccggagagtcacttagaatctcatgcaaggggtcggecttcaacatcgaggattactaca
tccattgggtcegecagatgectggtaaaggactggaatggatggggaggattgacccggaa
aacgacgaaactaagtacggaccgatctttcaagggcacgtgactatctccgetgatacctca
atcaatactgtctacctccagtggtcctcgetgaaagcaagegacaccgegatgtactactgeg

ccttccggggaggagtgtactgggeccaaggecaccacggtcacggtcagetee

CAR7 -
Soluble

scFv - nt

76

atggccecteectgtcaccgecctgetgettecgetggcetettctgetccacgecgetcggeecg
acgtggtgatgacccaatcgecagattccctggcagtgtecctgggcgaacgegecactatta
actgcaaatcgtcacagtccttgcttgattccgacggaaagacctacctcaattggetccagea
gaagccaggacaaccgcecaaagagactgatctecctggtgtcaaagetggactcgggagtg
cctgatcggttctcgggtagegggageggcaccgacttcactctgaccatctcgtcactccag
getgaggacgtggecgtgtattactgttggcagggtactcactttccgggeactttcggaggcg
geaccaaggtggagattaaaggaggagecggaageggaggtggageatcgggagotegt
gggagcggcggaggagggagegagatccagetcgtccaatcgggageggaagtgaagaa
gececggagagtcacttagaatctcatgcaaggggtcgggcttcaacatcgaggattactacat
ccattgggtccgecagatgectggtaaaggactggaatggatggggaggattgacccggaa
aacgacgaaactaagtacggaccgatctttcaagggcacgtgactatctccgetgatacctca
atcaatactgtctacctccagtggtcctcgetgaaagcaagegacaccgegatgtactactgeg
ccttccggggaggagtgtactgggeccaaggecaccacggtcacggtcagetccggeteeca

tcaccaccaccatcaccatcatcac

CAR7 -
Soluble

77

malpvtalllplalllhaarpdvvmtqgspdslavslgeratinckssqslldsdgktylnwlqq

kpgqppkrlislvskldsgvpdrfsgsgsgtdftltisslqaedvavyycwqgthfpgtfgge
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scFv - aa

tkveikggggsgegesggogsgegoseiqlvgsgaevkkpgeslrisckgsgfniedyyi
hwvrgmpgkglewmgridpendetkygpifqghvtisadtsintvylqwsslkasdtam

yycafrggvywgqgttvtvssgshhhhhhhhh

CAR 7
Full - nt

78

atggccecteectgtcaccgecctgetgettecgetggcetettctgetccacgecgetcggeecg
acgtggtgatgactcagtcgectgactcgetggetgtgteecttggagageggeccactatea
attgcaagtcatcccagtcgetgetggattccgacgggaaaacctacctcaattggetgcagea
aaaaccgggacagcectccaaageggcetcatcagectggtgtccaagttggacageggegte

ccagaccgcttcteceggticgggaageggtactgatttcacgetgaccatctcatcectccaag

cggaggatgtggcagtctactactgttggcagggcacgceattttccgggcacttttggaggag
ggaccaaggtcgaaatcaagggaggaggtgectcggeeggageagectcgggageagy
aggatcaggaggcggtggaagegagattcaactggtccagageggcgeagaagtcaagaa
geeggegtgaatcgetcagaatctcgtgcaaaggatcgggattcaacatcgaggactactacat
tcactgggtcagacaaatgccgggcaaagggctggaatggatggggaggatcgaccecga
aaacgatgaaaccaagtacggaccaatcttccaagggcacgtgaccatttcggeggacacct
caatcaacactgtgtacctccagtggagctcacttaaggccagegataccgcecatgtactattg
cgcettteccgeggaggggtgtactggggacagggcactactgtgaccgtgtcatccaccactac
cccageaccgaggecacccaccecggetectaccatcgectceccagectctgtecetgegte
cggaggcatgtagacccgeagetggtgggaccgtgcatacccggggtcttgacttcgectge
gatatctacatttgggcccctetggcetggtacttgeggggtectgetgcetttcactegtgatcact
ctttactgtaagcgcggtcggaagaagetgetgtacatctttaagcaaccettcatgaggectgt
gcagactactcaagaggaggacggctgttcatgccggttcccagaggaggaggaagecgg
ctgcgaactgegegtgaaattcagecgcagegecagatgetccagectacaageaggggeag
aaccagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctggacaageg
gagaggacgggacccagaaatgggcgggaagecgegeagaaagaatcecccaagagggc
ctgtacaacgagctccaaaaggataagatggcagaagectatagecgagattggtatgaaagg
ggaacgcagaagaggcaaaggecacgacggactgtaccagggactcageaccgecacca

aggacacctatgacgctcttcacatgcaggecctgecgectegg

CAR 7
Full - aa

79

malpvtalllplalllhaarpdvvmtqgspdslavslgeratinckssqgslidsdgktylnwlq

gkpgqppkrlislvskldsgvpdrfsgsgsgtdftitisslqgaedvavyycwqgthfpgtfg
ggtkveikggegsgegesggogsgegoseiqlvgsgaevkkpgeslrisckgsgfniedy
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yihwvrgmpgkglewmgridpendetkygpifgghvtisadtsintvylgwsslkasd
tamyycafrggvywgqgttvtvsstttpaprpptpaptiasqplslrpeacrpaaggavhtr
gldfacdiyiwaplagtcgvlllslvitlyckrgrkkllyifkqpfmrpvqttqeedgescrip
eeeeggcelrvkfsrsadapaykqgqnglynelnlgrreeydvldkrrgrdpemggkprr
knpgeglynelgkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmgalp

pr

CAR 8

CARS 80 dvvmtgsplslpvtlggpasisckssqslldsdgktylnwlqqrpggsprrlislvskldsgv

scFv pdrfsgsgsgtdftlkisrveaedvgvyycwqgthfpgtfgggtkveikggggsgggesg

domain gggsggegseiqlvgsgaevkkpgatvkisckgsgfniedyyithwvqqapgkglewm
gridpendetkygpifqgrvtitadtstntvymelsslrsedtavyycafrggvywgqgttvt
VSS

CARS 81 gatgtggtcatgacgcagtcaccactgteectcceegtgacecettggacagecagegtegatt

scFv agctgcaagtcatcccaatccetgetcgattcggatggaaagacctatctcaactggetgcage

domain nt aaagacccggtcagagecctaggagactcatctcgttggtgtcaaagetggacageggagtg
ccggaccggttttccggttcgggatcggggacggacttcactctgaagatttcacgggtggaa
gctgaggatgtgggagtgtactactgctggecagggaacccatttccctggeacttttggcgga
ggaactaaggtcgaaatcaagggaggaggtgectcgggaggagecggatcggecggagy
cgggagecggcggaggaggatccgaaatccaacttgtccagtcaggagecgaagtgaagaa
accgggagecaccgtcaaaatcagetgtaagggatcgggattcaatatcgaggactactacat
ccactgggtgcagcaagetccgggcaaaggactggagtggatgggecgeatcgacccaga
gaacgacgaaaccaaatacggeccgatcttccaagggegggtgaccatcaccgeggacac
ctcaactaacactgtgtacatggagctgagetecctgegetccgaagatactgecagtctactact
gegecttecgeggtgotgtgtactggggacagggcaccactgtgactgtcageteg

CARS - 82 atggcecteectgtcaccgeectgetgettecgetggcetettetgetccacgeecgeteggeeeg

Soluble atgtggtcatgacgcagtcaccactgtcceteceegtgaccecttggacagecagegtegatta

scFv - nt gectgcaagtcatcccaatecctgetcgattcggatggaaagacctatctcaactggetgcagea

aagacccggtcagagceectaggagactcatctcgttggtgtcaaagetggacageggagtgc

cggaccggttttccggttcgggatcggggacggacttcactctgaagatttcacgggtggaag
ctgaggatgtggogagtgotactactgctggcagggaacceatttcectggeacttttggcggag

gaactaaggtcgaaatcaagggaggaggtggctcgggaggaggecggatcgggcggagec
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gggagcggcggaggaggetccgaaatccaacttgtccagtcaggagecgaagtgaagaaa
ccgggagecaccgtcaaaatcagetgtaagggatcgggattcaatatcgaggactactacate

cactgggtgcagcaagetccgggcaaaggactggagtggatgggocgcatcgacccagag
aacgacgaaaccaaatacggcccgatcttccaagggcgggtgaccatcaccgeggacacct
caactaacactgtgtacatggagctgagetecctgegetccgaagatactgcagtctactactg
cgecttecgeggtggtgtgtactggggacagggcaccactgtgactgtcagetcggggtece

accatcatcaccaccaccatcac

CARS - 83 malpvtalllplalllhaarpdvvmtqgsplslpvtlggpasisckssqslldsdgktylnwlqq
Soluble rpgqsprrlislvskldsgvpdrfsgsgsgtdftlkisrveaedvgvyycwqgthfpgtfggg
scFv - aa tkveikggggsgegesggogsgegoseiqlvgsgaevkkpgatvkisckgsgtniedyyi

hwvqqapgkglewmgridpendetkygpifqgrvtitadtstntvymelsslrsedtavy
ycafrggvywgqgttvtvssgshhhhhhhh

CAR 8- 84 atggcecteectgtcaccgeectgetgettecgetggcetettetgetccacgeecgeteggeeeg
Full - nt atgtggtcatgacgcagtcaccactgtccctceccgtgaccettggacagecagegtegatta

gctgcaagtcatcccaatecctgetcgattcggatggaaagacctatctcaactggetgecagea
aagacccggtcagagceectaggagactcatctcgttggtgtcaaagetggacageggagtgc
cggaccggttttccggttcgggatcggggacggacttcactctgaagatttcacgggtggaag
ctgaggatgtggogagtgotactactgctggcagggaacceatttcectggeacttttggcggag

gaactaaggtcgaaatcaagggaggaggtggctcgggaggaggecggatcgggcggagec
gggagcggcggaggaggetccgaaatccaacttgtccagtcaggagecgaagtgaagaaa
ccgggagecaccgtcaaaatcagetgtaagggatcgggattcaatatcgaggactactacate
cactgggtgcagcaagetccgggcaaaggactggagtggatgggocgcatcgacccagag
aacgacgaaaccaaatacggcccgatcttccaagggcgggtgaccatcaccgeggacacct
caactaacactgtgtacatggagctgagetecctgegetccgaagatactgcagtctactactg
cgecttecgeggtggtgtgtactggggacagggcaccactgtgactgtcagetcgaccactac
cccageaccgaggecacccaccecggetectaccatcgectceccagectctgtecetgegte

cggaggcatgtagacccgeagetggtgggaccgtgcatacccggggtcttgacttcgectge
gatatctacatttgggcccctetggcetggtacttgeggggtectgetgcetttcactegtgatcact

ctttactgtaagcgcggtcggaagaagetgetgtacatctttaagcaaccettcatgaggectgt

gcagactactcaagaggaggacggctgttcatgccggttcccagaggaggaggaagecgg
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ctgcgaactgegegtgaaattcagecgcagegecagatgetccagectacaageaggggeag
aaccagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctggacaageg
gagaggacgggacccagaaatgggcgggaagecgegeagaaagaatcecccaagagggc
ctgtacaacgagctccaaaaggataagatggcagaagectatagecgagattggtatgaaagg
ggaacgcagaagaggcaaaggecacgacggactgtaccagggactcageaccgecacca

aggacacctatgacgctcttcacatgcaggecctgecgectegg

CAR 8- 85 malpvtalllplalllhaarpdvvmtqgsplslpvtlggpasisckssgslldsdgktylnwlq

Full - aa qrpggsprrlislvskldsgvpdrfsgsgsgtdftlkisrveaedvgvyycwqgthfpgtfe
ggtkveikggegsgegesggoosgogaseiqlvgsgaevkkpgatvkisckgsgtnied
yvyvihwvqqapgkglewmgridpendetkygpifggrvtitadtstntvymelsslrsed
tavyycafrggvywgqgttvtvsstttpaprpptpaptiasqplslrpeacrpaaggavhtrg
ldfacdiyiwaplagtcgvlllslvitlyckrgrkkllyitkqpfmrpvqttqeedgcscripe
eeeggcelrvkfsrsadapaykqgqnqlynelnlgrreeydvldkrrgrdpemggkprrk
npgeglynelgkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmgalpp
r

CAR9 Mouse anti-EGFRVIII clone 3C10

CARO 86 eiqlqqsgaelvkpgasvklsctgsgtniedyyihwvkqrteqglewigridpendetkyg

scFv pifqgratitadtssntvylqglssltsedtavyycafrggvywgpgttltvssgggesggegsg

domain gggshmdvvmtqspltlsvaiggsasisckssqslldsdgktylnwllqrpggspkrlislv
skldsgvpdrftgsgsgtdftlrisrveaedlgiyycwqgthfpgtfgggtkleik

CARO 98 gagatccagetccaacagageggagecgaactggtcaaaccgggagegtcggtgaagttgt

scFv catgcactggatcgggcttcaacatcgaggattactacatccactgggtcaagcaacgeaccg

domain nt agcaggggctggaatggatcggacggatcgaccccgaaaacgatgaaaccaagtacgggc

ctatcttccaaggacgggccaccattacggetgacacgtcaagcaataccgtctacctccaget

ttccagectgacctecgaggacactgecgtgtactactgegecttcagaggaggcegtgtactg

gggaccaggaaccactttgaccgtgtccageggaggcggtggatcaggaggaggaggctc

aggecggtggcggctcgecacatggacgtggtcatgactcagtccecgetgacectgteggtgg
caattggacagagcgcatccatctcgtgcaagagctcacagtcgetgetggattccgacggaa

agacttatctgaactggctgctccaaagaccagggcaatcaccgaaacgecttatctcectggt
gtcgaaactcgactcgggtgtgccggatcggtttaccggtagegggtecggeacggacttca
ctctccgeatttcgagggtggaageggaggatctcgggatctactactgttggcagggaacce
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acttccetgggacttttggaggecggaactaagetggaaatcaag

CAR9 -
Soluble

scFv - nt

87

atggccecteectgtcaccgecctgetgettecgetggcetettctgetccacgecgetcggeecg
agatccagctccaacagageggagecgaactggtcaaaccgggagegtcggtgaagttgte
atgcactggatcgggcttcaacatcgaggattactacatccactgggtcaagcaacgeaccga
gecaggggctggaatggatcggacggatcgaccccgaaaacgatgaaaccaagtacgggce
tatcttccaaggacgggccaccattacggctgacacgtcaagcaataccgtctacctccagett

tccagectgaccteccgaggacactgecgtgtactactgegecttcagaggaggegtgtactgg

ggaccaggaaccactttgaccgtgtccageggaggeggtggatcaggaggaggagectca

ggcggtgocgactcgeacatggacgtggtcatgactcagteccegetgaceetgteggtgec
aattggacagagcgcatccatctcgtgcaagagcetcacagtcgetgetggattccgacggaaa

gacttatctgaactggctgctccaaagaccagggcaatcaccgaaacgecttatcteectggtg
tcgaaactcgactcgggtgtgccggatcggtttaccggtagegggtccggcacggacttcact
ctccgeatttcgagggtggaageggaggatctcgggatctactactgttggcagggaaccea

cttcectgggacttttggaggeggaactaagetggaaatcaagggtagecatcaccatcacca

ccaccatcat

CAR9 -
Soluble

scFv - aa

88

malpvtalllplalllhaarpeiqlqqsgaelvkpgasvklsctgsgfniedyyihwvkqrte

qglewigridpendetkygpifqgratitadtssntvylqlssltsedtavyycafrggvywg
pettltvssggggsgegesggegshmdvvmtgspltlsvaiggsasisckssqslldsdgkt
ylnwllqrpgqspkrlislvskldsgvpdrftgsgsgtdftlrisrveaedlgiyycwqgthfp

gtfgggtkleikgshhhhhhhh

CAR 9 -
Full - nt

89

atggccecteectgtcaccgecctgetgettecgetggcetettctgetccacgecgetcggeecg
agatccagctccaacagageggagecgaactggtcaaaccgggagegtcggtgaagttgte
atgcactggatcgggcttcaacatcgaggattactacatccactgggtcaagcaacgeaccga
gecaggggctggaatggatcggacggatcgaccccgaaaacgatgaaaccaagtacgggce
tatcttccaaggacgggccaccattacggctgacacgtcaagcaataccgtctacctccagett

tccagectgaccteccgaggacactgecgtgtactactgegecttcagaggaggegtgtactgg

ggaccaggaaccactttgaccgtgtccageggaggeggtggatcaggaggaggagectca

ggcggtgocgactcgeacatggacgtggtcatgactcagteccegetgaceetgteggtgec
aattggacagagcgcatccatctcgtgcaagagcetcacagtcgetgetggattccgacggaaa

gacttatctgaactggctgctccaaagaccagggcaatcaccgaaacgecttatcteectggtg

tcgaaactcgactcgggtgtgccggatcggtttaccggtagegggtccggcacggacttcact
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ctccgeatttcgagggtggaageggaggatctcgggatctactactgttggcagggaaccea
cttcectgggacttttggaggeggaactaagetggaaatcaagaccactaccecageaccga
ggcecacccaccccggcetectaccatcgecteccagectetgteectgegtecggaggcatgta
gacccgeagcetggtgggoccgtgcatacccggggtcttgacttcgectgegatatctacatttg
ggeecectetggetggtacttgeggggtectgetgctttcactcgtgatcactctttactgtaageg
cggtcggaagaagcetgetgtacatctttaagcaacecttcatgaggectgtgecagactactcaa
gaggaggacggctgttcatgecggttcccagaggaggaggaaggcgectgcgaactgege
gtgaaattcagecgcagegceagatgetccagectacaagecaggggceagaaccagetctaca
acgaactcaatcttggtcggagagaggagtacgacgtgctggacaagcggagaggacggg
acccagaaatgggcgggaagecgegeagaaagaatccccaagagggcectgtacaacgag
ctccaaaaggataagatggcagaagcectatagegagattggtatgaaaggggaacgcagaa
gaggcaaaggecacgacggactgtaccagggactcagcaccgecaccaaggacacctatg

acgctcttcacatgcaggceectgecgectegg

CAR 9 -
Full - aa

90

malpvtalllplalllhaarpeiqlqqsgaelvkpgasvklsctgsgfniedyyihwvkqrte
qglewigridpendetkygpifggratitadtssntvylglssltsedtavyycafrggvyw

gpgttltvssgggesggegsgegeshmdvvmtqgspltlsvaiggsasisckssgslldsdg
ktylnwllqrpggspkrlislvskldsgvpdrftgsgsgtdftirisrveaedlgiyycwqggt

hfpgtfeggtkleiktttpaprpptpaptiasqplslrpeacrpaaggavhtrgldfacdiyiw
aplagtcgvlllslvitlyckrgrkkllyifkqpfmrpvqttqeedgescrfpeeeeggceelrv
kfsrsadapaykqgqnglynelnlgrreeydvldkrrgrdpemggkprrknpgeglynel
gkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmqalppr

CAR10

Anti-EGFRVIII clone 139

CARI10
scFv

domain

91

digmtgspsslsasvgdrvtitcrasqgirnnlawyqqkpgkapkrliyaasnlgsgvpsrft
gsgsgteftlivsslgpedfatyyclghhsypltsgggtkveikrtgstsgsgkpgsgegsev
qvlesggglvgpggslrlscaasgftfssyamswvrqapgkglewvsaisgsggstnyads
vkgrftisrdnskntlylgmnslraedtavyycagssgwseywgqgtlvtvss

CAR9
scFv

domain nt

92

gatatccaaatgactcagagcccttcatccctgagegecagegteggagacagggtgaccat
cacgtgecgggceatcccaaggceattagaaataacttggegtggtatcagcaaaaaccaggaa
aggececgaagegectgatctacgeggectccaaccttcagtcaggagtgecctegegctte
accgggageggtageggaactgagtttacecttatcgtgtcgtecectgcagecagaggactte
gcgacctactactgectccageatcactegtaccegttgacttcgggaggeggaaccaaggte
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gaaatcaaacgcactggctcgacgtcagggtecggtaaaccgggatcgggagaaggatcg

gaagtccaagtgctggagagcggaggcggactcgtgcaacctggegggtcgetgcggcte

agctgtgecgegtcgggttttactttcagetcgtacgetatgtcatgggtgcggcaggceteegg
gaaaggggctggaatgggtotccgetatttccggetcgggtggaageaccaattacgecgac
tccgtgaagggacgcettcaccatctcacgggataactccaagaatactctgtacctccagatga
actcgctgagagecgaggacaccgeagtgtactactgecgcagggtcaageggcetggteega
atactggggacagggcaccctecgtcactgtcagetce

CARI10 -
Soluble

scFv - nt

93

atggccecteectgtcaccgecctgetgettecgetggcetettctgetccacgecgetcggeecg
atatccaaatgactcagageccttcatccctgagegecagegtcggagacagggtgaccate
acgtgccgggcatcccaaggceattagaaataacttggegtggtatcagcaaaaaccaggaaa
ggeeccgaagegectgatctacgeggectecaaccttcagtcaggagtgecctcgegettca
ccgggagcggtageggaactgagtttacccttatcgtgtcgtecctgecagecagaggactteg
cgacctactactgectccageatcactcgtacecgttgacttcgggaggcggaaccaaggtcg
aaatcaaacgcactggctcgacgtcagggtccggtaaaccgggatcgggagaaggatcgga
agtccaagtgctggagagecggaggcggactegtgcaacctggegggtegetgegectecag
ctgtgccgegtecgggttttactttcagetcgtacgcetatgtcatgggtgcggcaggetecggea
aagggegctggaatgggtotccgetatitccggetegggtggaagecaccaattacgecgacte
cgtgaagggacgcttcaccatctcacgggataactccaagaatactctgtacctccagatgaa
ctcgetgagagecgaggacaccgeagtgtactactgegeagggtcaageggcetggtccgaa

tactggggacagggcaccctecgtcactgtcagetcecatcaccatcaccaccaccatcac

CARI10 -
Soluble

scFv - aa

94

malpvtalllplalllhaarpdigmtqspsslsasvgdrvtitcrasqgirnnlawyqqgkpgk

apkrliyaasnlgsgvpsrftgsgsgteftlivsslgpedfatyyclghhsypltsgggtkveik
rtgstsgsgkpgsgegsevqvlesggglvqpggslrlscaasgftfssyamswvrqapgkg
lewvsaisgsggstnyadsvkgrftisrdnskntlylgmnslraedtavyycagssgwsey
wgqgtlvtvsshhhhhhhh

CAR 10
Full - nt

95

atggccecteectgtcaccgecctgetgettecgetggcetettctgetccacgecgetcggeecg
atatccaaatgactcagageccttcatccctgagegecagegtcggagacagggtgaccate
acgtgccgggcatcccaaggceattagaaataacttggegtggtatcagcaaaaaccaggaaa
ggeeccgaagegectgatctacgeggectecaaccttcagtcaggagtgecctcgegettca
ccgggagcggtageggaactgagtttacccttatcgtgtcgtecctgecagecagaggactteg
cgacctactactgectccageatcactcgtacecgttgacttcgggaggcggaaccaaggtcg
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aaatcaaacgcactggctcgacgtcagggtccggtaaaccgggatcgggagaaggatcgga
agtccaagtgctggagagecggaggcggactegtgcaacctggegggtegetgegectecag
ctgtgccgegtecgggttttactttcagetcgtacgcetatgtcatgggtgcggcaggetecggea
aagggegctggaatgggtotccgetatitccggetegggtggaagecaccaattacgecgacte
cgtgaagggacgcttcaccatctcacgggataactccaagaatactctgtacctccagatgaa
ctcgetgagagecgaggacaccgeagtgtactactgegeagggtcaageggcetggtccgaa
tactggggacagggcaccctcgtcactgtcagetccaccactaccccageaccgaggecac
ccaccccggcetectaccatcgecteccagectetgteectgegtececggaggceatgtagaceeg
cagctggtggggccgtgcatacccggggtcttgacttcgectgegatatctacatttgggecee
tctggetggtacttgecggggtectgetgcetttcactcgtgatcactctttactgtaagegeggtcg
gaagaagctgctgtacatctttaagcaacccttcatgaggectgtgcagactactcaagagga
ggacggctgttcatgecggttcccagaggaggaggaaggceggctgcgaactgegegtgaa
attcagccgecagcegceagatgetccagectacaagcaggggcagaaccagetctacaacgaa
ctcaatcttggtcggagagaggagtacgacgtgctggacaageggagaggacgggaceca
gaaatgggcgggaagecgcgeagaaagaatccecaagagggectgtacaacgagetecaa
aaggataagatggcagaagcctatagcgagattggtatgaaaggggaacgcagaagaggc
aaaggccacgacggactgtaccagggactcagcaccgecaccaaggacacctatgacgete

ttcacatgcaggcecctgecgectegg

CAR 10 96 malpvtalllplalllhaarpdigmtqspsslsasvgdrvtitcrasqgirnnlawyqqkpgk
Full - aa apkrliyaasnlgsgvpsrftgsgsgteftlivsslgpedfatyyclghhsypltsgggtkveik
rtgstsgsgkpgsgegsevqvlesggglvqpggslrlscaasgftfssyamswvrqapgkg
lewvsaisgsggstnyadsvkgrftisrdnskntlylgmnslraedtavyycagssgwsey
wgqgtlvtvsstttpaprpptpaptiasqplslrpeacrpaaggavhtrgldfacdiyiwapla
gtegvlllslvitlyckrgrkkllyitkgpfmrpvqttqeedgescrfpeeeeggeelrvkfsrs
adapaykqgqnqlynelnlgrreeydvldkrrgrdpemggkprrknpqgeglynelgkdk
maeayseigmkgerrrgkghdglyqglstatkdtydalhmqalppr

[00396] The CAR scFv fragments were then cloned into lentiviral vectors to create a full
length CAR construct in a single coding frame, and using the EF1 alpha promoter for

expression (SEQ ID NO: 97).
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EF1 alpha promoter

GTGAGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGAG
AAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGG
TAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGA
GAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGC
CGCCAGAACACAGGTAAGTGCCGTGTGTGGTTCCCGCGGGCCTGGCCTCTTTACGG
GTTATGGCCCTTGCGTGCCTTGAATTACTTCCACCTGGCTGCAGTACGTGATTCTTG
ATCCCGAGCTTCGGGTTGGAAGTGGGTGGGAGAGTTCGAGGCCTTGCGCTTAAGG
AGCCCCTTCGCCTCGTGCTTGAGTTGAGGCCTGGCCTGGGCGCTGGGGCCGCCGCG
TGCGAATCTGGTGGCACCTTCGCGCCTGTCTCGCTGCTTTCGATAAGTCTCTAGCCA
TTTAAAATTTTTGATGACCTGCTGCGACGCTTTTTTTCTGGCAAGATAGTCTTGTAA
ATGCGGGCCAAGATCTGCACACTGGTATTTCGGTTTTTGGGGCCGCGGGCGGCGAC
GGGGCCCGTGCGTCCCAGCGCACATGTTCGGCGAGGCGGGGCCTGCGAGCGCGGC
CACCGAGAATCGGACGGGGGTAGTCTCAAGCTGGCCGGCCTGCTCTGGTGCCTGGC
CTCGCGCCGCCGTGTATCGCCCCGCCCTGGGCGGCAAGGCTGGCCCGGTCGGCACC
AGTTGCGTGAGCGGAAAGATGGCCGCTTCCCGGCCCTGCTGCAGGGAGCTCAAAA
TGGAGGACGCGGCGCTCGGGAGAGCGGGCGGGTGAGTCACCCACACAAAGGAAA
AGGGCCTTTCCGTCCTCAGCCGTCGCTTCATGTGACTCCACGGAGTACCGGGCGCC
GTCCAGGCACCTCGATTAGTTCTCGAGCTTTTGGAGTACGTCGTCTTTAGGTTGGGG
GGAGGGGTTTTATGCGATGGAGTTTCCCCACACTGAGTGGGTGGAGACTGAAGTTA
GGCCAGCTTGGCACTTGATGTAATTCTCCTTGGAATTTGCCCTTTTTGAGTTTGGAT
CTTGGTTCATTCTCAAGCCTCAGACAGTGGTTCAAAGTTTTTTTCTTCCATTTCAGG
TGTCGTGA (SEQ ID NO: 97).

Surface expression of CAR9, CARI10 and select humanized EGFRvIII CAR constructs and
staining by FACS

[00397] The following experiments showed that there appears to be an affinity difference for

EGFRVIII based in vitro binding studies in both Jurkat cells and primary T cells.
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[00398]  Jurkat E6 cells were electroporated with either CAR9 vector or CAR10 vector using
Amaxa Cell Line Nucleofector Kit V (Lonza, Colgne AG, Germany) and program X-001. One
day after the transfection, 0.5x10° cells were placed into each well of a V-shape 96 well plate
(Greiner Bio-One, Germany) in 0.2 ml FACS buffer (DPBS buffer containing 5% FBS) and
incubated for 10 minutes at room temperature. Cells were then spun down and resuspended in
0.2 ml of the FACS buffer with different concentrations of EGFRvIII-Fc or EGFRwt-Fc and
incubated at 4°C for 30 minutes. Cells were then washed with FACS buffer three times, and
incubated with 0.2 ml of the FACS buffer with 2 ul of PE anti-human IgG Fc (Jackson
ImmunoResearch Laboratories, West Grove, PA) for 30 minutes at 4°C in the dark. After
washing with 0.2 ml of FACS buffer three times, cells were analyzed on a LSRII (BD
Biosciences, San Jose, CA) machine using the FACSDiva software (BD Biosciences, San Jose,
CA). Immunofluorescence staining was analyzed as the relative log fluorescence of live cells,

and the percentage of the PE positive cells were measured.

[00399]  As shown in Figure 12, binding of the CARO expressed in Jurkat cells to EGFRVIII-
Fc fusion protein is approximately 1000 fold stronger than to wild type EGFR-Fc. Furthermore,
the CART construct expressing CAR10 exhibits a significantly lower (~40 fold) binding to
EGFRVIII compared to CAR9. This suggests that although murine CAR9 binds to EGFRVIII,
it still retains some binding to wild type EGFR. Moreover, it strongly indicates that CAR9 has
a higher binding affinity for EGFRVIII than the CAR10 construct.

[00400]  Further experiments in primary T cells yielded similar results. Briefly, primary
human CD3+ T cells were stimulated with anti-CD3/CD28 beads for 24 hrs and then
transduced with lentiviral vectors encoding either CAR9, CAR10, CARG6 or a control CAR at a
MOI of 3:1. Included in the experiment was also a mock transduced T cell population. These
cells were expanded for about 8-9 days in culture until they started to rest down. At this point,
0.5x106 cells were placed into each well of a V-shape 96 well plate. The cells were washed
one time with PBS and stained with Live/Dead reagent (1:1000 in PBS) for 30 min on ice.
Cells were then washed twice with FACS buffer and incubated with 1 pig/ml biotinylated
EGFRVIII or EGFR wt protein for 30 min on ice. Cells were then washed two times and
incubated with 0.2 ml of FACS buffer with 1:1000 dilution of streptavidin-PE for 15 min on
ice. After washing twice with FACS buffer, cells were analyzed on a LSRII.
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Immunofluorescence staining was analyzed as the relative log fluorescence of live cells and the
percentage of the PE positive cells were measured in conjunction with the geometric mean of

the positive population.

[00401]  As shown in Figure 13, the CAR9 and CAR6 CARs show a 10-fold higher
geometric mean (21K for CAR9, 27K for CAR6) for EGFRVIII binding than the CAR10 (only
2K) when saturating amounts of EGFRVIII protein are used for detection, even though all
constructs transduce equivalently (~50% transduction efficiency for all). Similarly, the
specificity for EGFR wt protein is about 10-fold lower, as depicted by the log shift downwards
for the staining with EGFR wt protein. This provides additional support to the findings in the
Jurkat cells above that indicate CAR9 and CARG6 have a stronger affinity for EGFRVIII protein
compared to CAR10 when expressed in primary T cells and suggest they will be more

efficacious in the clinic.

Functional analysis of the panel of humanized CAR constructs was conducted as described in

Example 8.

Example 8: Analysis of humanized EGFRvIII-specific CAR Constructs in T cells

[00402] To evaluate the feasibility of targeting EGFRVIII via a CAR technology, the
humanized EGFRVIII scFv fragments were cloned into a lentiviral CAR expression vector with
the CD3zeta chain and the 4-1BB costimulatory molecule in two different configurations. The
optimal construct is selected based on the quantity and quality of the effector T cell response of
EGFRVIII CAR transduced T cells in response to EGFRvIII+ and EGFR wt targets. Effector T
cell responses include, but are not limited to, cellular expansion, proliferation, doubling,

cytokine production and target cell killing or cytolytic activity (degranulation).

Materials and Methods
Generation of Jurkat reporter cell line for initial characterization of CAR function

[00403] As an alternative to primary T cell transduction and activation, a Jurkat-NFAT
reporter cell line can be used to evaluate the functional activity of CAR constructs. The Jurkat

T cell line (E6-1) was transfected with a NFAT-luciferase reporter construct and a stable,
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clonal cell line (JNL) was selected for further characterization based on strong induction of the
NFAT reporter following PMA and ionomycin stimulation. The JNL cells are transduced with
lentiviral vectors at a MOI of 5:1 and then expanded for 5-7 days. Before using in an assay, the
percentage of cells transduced (expressing the EGFRVIII CAR on the cell surface) and their
relative fluorescence intensity of that expression are determined by flow cytometric analysis on
an LSRII. From the histogram plots, the relative expression levels of the CARs can be

examined by comparing percentage transduced with their relative fluorescent intensity.

Evaluating T cell activation of humanized EGFRvIlI-specific CAR JNL cells

[00404] To evaluate T cell activation in the JNL reporter cell line, JNL or CAR-transduced
JNL cells are plated at 50,000 cells per well in a 96 well black plate with a clear bottom.

Target cells (BHK parental cells or BHK cells engineered to express either EGFRVIIII or
EGFR wt) are added to the wells to create effector to target (E:T) ratios of 1:2, 1:1, 1:0.3, 1:0.1,
1:0.03, 1:01, and 1:0.003. PMA and ionomycin are used as a positive control for activation.
Cells are incubated at 37 C for 16-24 hrs. At the end of the incubation, an equal volume of
Bright-Glo Luciferase assay reagent is added to each well. The plate is incubated at room

temperature for 10 minutes and then luminescence is measured using a luminometer.

Generation of redirected humanized EGFRvII-specific CAR T cells

[00405] The humanized EGFRvIII-specific CAR lentiviral transfer vectors are used to
produce the genomic material packaged into the VSVg psuedotyped lentiviral particles.
Lentiviral transfer vector DNA is mixed with the three packaging components of VSVg,
gag/pol and rev in combination with lipofectamine reagent to transfect them together in to 293T
cells. After 24 and 48hr, the media is collected, filtered and concentrated by ultracentrifugation
or chromatography. The resulting viral preparation is stored at -80C. The number of

transducing units is determined by titration on SupT1 cells.

[00406] Redirected EGFRvIII-specific CART cells are produced by activating fresh T cells
by engaging with CD3x28 beads for 24hrs and then adding the appropriate number of
transducing units to obtain the desired percentage of transduced T cells. These modified T cells

are allowed to expand until they become rested and come down in size (~300 f1) at which point
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they are cryopreserved for later analysis. The cell numbers and sizes are measured using a
Coulter multisizer III. Before cryopreserving, percentage of cells transduced (expressing the
EGFRUvIII-specific CAR on the cell surface) and their relative fluorescence intensity of that
expression are determined by flow cytometric analysis on an LSRII. From the histogram plots,
the relative expression levels of the CARs can be examined by comparing percentage

transduced with their relative fluorescent intensity.

Evaluating cytolytic activity, proliferation capabilities and cytokine secretion of humanized
EGFRvII redirected CAR T cells.

[00407] To evaluate the functional abilities of humanized EGFRvIII-specific CAR T cells to
kill, proliferate and secrete cytokines, the cells are thawed and allowed to recover overnight. In
addition to the humanized constructs, the murine CAR9 was used for comparative purposes
while SS1-BBz was used as non-targeting expressed CAR for background CAR/T cell effect.
For this flow based cytotoxicity assay, the target cells are stained with CSFE to quantitate their
presence. The target cells were also stained for EGFRVIII expression to confirm similar target
antigens levels. The cytolytic activities of EGFRVIII CAR T cells are measured at a titration of
effector:target cell ratios of 10:1, 3:1, 1:1, 0.3:1 and 0:1 where effectors were defined as T cells
expressing the anti-EGFRvVIII CAR. Assays were initiated by mixing an appropriate number of
T cells with a constant number of targets cells. After 4 or 16hrs, total volume of each mixture
was removed and each well washed. The T cells were stained for CD3 and all cells stained
with live/dead marker 7AAD. After the final wash, the pelleted cells were re-suspended in a
specific volume with a predetermined number of counting beads. Cell staining data was
collected by LSRII flow cytometry and analyzed with FlowJo software using beads to

quantitate results.

[00408]  For measuring cell proliferation and cytokine production of humanized CAR-
EGFRVIII T cells, cells were thawed and allowed to recover overnight. In addition to the
humanized CAR-EGFRVIII, the murine CAR9 was used for comparative purposes while SS1-
BBz was used as a non-targeting expressed CAR for background CAR/T cell effect. The T
cells were directed towards U87, an astrocytoma-derived glioblastoma cell line expressing or
not expressing EGFRVIIIL. In addition, CD3x28 beads were used to evaluate the potential of T
cells to respond to the second round of endogenous immunological signals. To analyze

proliferation, T cells were stained with CSFE. The proliferation was the dilution of the CSFE
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stain reflecting the separation of the parental markings now into two daughter cells. The assay
tested only an effector:target ratios of 1:1 and 1:0 where effectors were defined as total T cells
(CD4 and 8) normalized to express the anti-EGFRVIII chimeric receptor at a common
percentage. The assay was done in duplicate and 24hrs after mixing of the cells. Supernatant
was removed for cytokine production. After 5 days, T cells were stained for live/dead with
Live/Dead Violet (Invitrogen), then stained for CAR expression and phenotyped as either CD4
or CDS cells. After the final wash, the pelleted cells were re-suspended in a specific volume
with a predetermined number of BD counting beads. Cell staining data was collected by LSRII
flow cytometry and analyzed with FlowJo software using beads to quantitate results. Total cell
counts were determined by number of cells counted relative to a specific number of beads

multiplied by the fraction of beads yet to be counted.

Results

Jurkat reporter assay to test the ability of the humanized CART-EGFRvlIII cells to recognize
EGFRvIII target cells.

[00409]  The ability of CART constructs to induce activation following target engagement
was measured with the JNL reporter cell line. The JNL cell line is engineered with a NFAT-
Luciferase reporter construct which is induced following target engagement of the CAR. JNL
cells were transduced with the various CAR-EGFRVIII constructs (CAR9, CAR3, CARG6,
CARS and CAR10). Transduction efficiency was assessed by flow cytometry and was shown
to be about 45-52% for all the constructs. The JNL-CAR-EGFRVIII cells were then stimulated
with seven different E:T ratios using three different target cells (BHK parental, BHK-EGFRVIII
or BHK-EGFR wt). JNL parental cells and JNL cells expressing a control CAR were included
as additional controls. The results in Figure 14 show significant target induced activation can
occur at ratios as low as 1:0.01 for all constructs tested and CAR6 and CAR10 induce the most
activation at the higher E:T ratios. No significant activation was observed with the EGFR wt
expressing cells or by the control CAR expressing JNL cells. These data demonstrate
specificity of the CAR constructs for EGFRVIII target and lack of cross-reactivity to EGFR wt

target.
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Transduction and expansion of primary human T cells with the humanized EGFRvIII CAR

constructs

[00410] CD3+ T cells were obtained from apheresis products or whole blood from healthy
donors. As described above, T cells were stimulated with CD3xCD28 beads for 24 hrs and
then transduced with concentrated lentiviral supernatants at a MOI of 3. Cells were expanded

in culture for 8-10 days.

[00411]  Cell surface expressions of humanized EGFRVIII CARs are comparable and their
expression level very similar to murine CAR9. The overlay of histograms plotting the cell
surface expression staining pattern of each humanized EGFRvIII-specific CAR transduced T
cells and the mean fluorescent intensity (MFI) calculated from these profiles correlates well

with the percentage of cells transduced.

Proliferation Assay to Test the Ability of EGFRvIII Target Cells to stimulate Humanized
EGFRvIII CART Cells

[00412]  The ability of EGFRVIII specific CAR T cells to proliferate in response to target
engagement was evaluated in a proliferation assay. Subpopulations were enumerated by flow
cytometry. Donor T cells were transduced with either humanized CARs, murine CAR9 or SS1
(mesothelin targeting). CARs were mixed 1:1 or 1:0 with target cells and cocultured for 5 days.
Figure 15 shows the ability of ND407 EGFRVIII CAR T cells to proliferate in an antigen
specific manner. The dash bar indicates the number of T cells seeded and comparatively, no
increase in T cell numbers were detected targeting U87 while engagement with U87-EGFRvIII
induced proliferation which was specific to EGFRvVIII CAR T cell populations. The relative
response for ND407 indicated that CAR6 and CARS are more robust than CAR9 or CAR3.
The result of CD3x28 beads indicates their stimulation was not enough to drive proliferation on

a second round of activation, similar to no stimulation at all.

[00413] ND407 T cells were used to screen different huEGFRVIII CARs for their ability to
preferentially expand CAR+ T cells. Figure 16 shows CARS and CARG6 consistently having

the strongest CAR+ expansion in each donor. CAR+ increase is a result of a successful
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engagement with target, proliferation and survival of activation induced cell death of antigen

recognition.

Killing Assay to Test the Ability of the Humanized EGFRvIII CART Cells to Kill EGFRvIII
Target Cells

[00414]  The ability of EGFRVIII specific CAR T cells to kill targets was tested in a
Chromium release assay. The human glioblastoma cell line, U-87MG, was engineered to
express either EGFR wild type receptor or the EGFRVIII mutant. These engineered cell lines
served as the targets for the killing assay. Three effector CAR T cells were used to determine
the specificity of killing target cells; 1) human T cells transduced to express murine 3C10
(CARY), 2) human T cells transduced to express a humanized version of the murine 3C10,
referred to as CAR6 and 3) human T cells transduced with a CAR specific for mesothelin, SS1.
All effector cells were normalized to express 30% CAR+ transduction. Target cells were
labeled with chromium-51 and washed immediately prior to coculture. The effectors and

targets were mixed together at the indicated ratios (E:T) and allowed to incubate for 4 hours.

[00415] The results in Figure 17 (A) shows that CAR T cells mixed with U-87 cells
expressing the wild type EGFR receptor showed no cell killing above background up to E:T of
50:1. However, the results in Figure 17 (B) show that in contrast, EGFRVIII specific CAR T
cells, CAR9 or CAR6, mixed with U-87 cells expressing EGFRVIII showed specific killing at
E:T ratios of 6.25:1 up to 50:1. No significant killing was observed when the mesothelin
specific CAR T cells were used as effectors. These data demonstrate the specific on target
killing of target cells expressing EGFRVIII by CAR9 and CARG6 T cells, but no killing of cells
expressing wild type EGFR or by a non-specific CAR T cell, SS1.

Cytokine assay to test the ability of the Humanized EGFRvIII CART cells to promote an anti-

tumor response and demonstrate specificity

[00416]  The ability of EGFRVIII specific CAR T cells to induce cytokine in response to
target engagement was evaluated in a co-culture assay. CAR T cells were co-cultured with

target expressing cells for 18-24 hrs at various target:effector ratios (0.3:1, 1:1, 3:1 and 10:1).
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Target cells included U87 cells expressing the EGFR wt endogenous protein (U87 wt), U87
cells overexpressing EGFRVIII (U87-vIIl), BHK (baby hamster kidney cells) parental cells,
BHK cells overexpressing human EGFR wt protein (BHK wt), or BHK cells overexpressing
human EGFRVIII protein (BHK-vIII). After 18-24 hrs, supernatants were removed from the
cultures and cytokines analyzed using a Cytometric Bead Assay (CBA). The results clearly
demonstrated that 1) CAR6 and CARO T cells induced similar levels of IFNg in response to
EGFRvllI-expressing cells and 2) that neither CAR T cell population induced IFNg in response
to EGFR wt expressing cells. Importantly, these data together with the killing and proliferation
data indicate CAR6 and CAR9 show functional specificity for EGFRVIII and have the

capability to promote an anti-tumor immune response.

Example 9: Humanized anti-EGFRvIII CART cells reduce tumor burden in mice

[00417] Humanized anti-EGFRvVIII CAR T cells were shown to reduce tumor burden in
vivo in mice. For example, #2173 (CAR6) humanized anti-EGFRVIII chimeric antigen receptor
(CAR) lentivirally-transduced human T lymphocytes were delivered intravenously in
xenogeneic immune-compromised NOD/SCID/common-gamma chain-/- mice treated
established U87vIII glioma tumors in vivo. Control mice with 5 day established U87vIII
subcutaneous flank tumors receiving donor-matched non-CAR transduced T cells’ tumors grew
rapidly, both by direct subcutaneous tumor measurement using calipers (max length x max
width), and by photon emission measured by Spectrum in vivo imaging system (IVIS). In
treated mice receiving even low numbers (0.5-1x10% of CARG transduced cells, tumor growth

was markedly reduced in mice in a dose-dependent manner.

[00418] In this example, 1x10° U87vIII human gliomas expressing EGFRVIII,
GFP+Luc+ were washed and injected subcutaneously in 100 pL saline in the flanks of 30 NSG
immune-compromised mice (N = 10/group). Human T cells were stimulated with anti-CD3/28
coated beads and lentivirally transduced with humanized EGFRVIII CAR scFv #2173 (CARO6).
Following transduction, ex vivo expansion and bead removal, CAR transduced T cells (~ 50%
CAR+ by flow cytometry) were washed and injected in 100 pL saline via tail vein 5 days after
tumor implantation. Tumor growth was evaluated by caliper measurement (upper left), and

luciferin-induced photon emission (upper right). Measurements were started 7 days after T cell
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transfer and 12 days after tumor injection. SEM is shown in Figure 18 (N = 10 mice/group).
Survival of each group is plotted by Kaplan Meier curves in Figure 18 (lower). All mice
receiving control T cells died by day 26, with group receiving 0.5x10° and 1.0x10° CAR6 T-

cells at 30% and 90% survival, respectively as of experimental day 30.

EQUIVALENTS

[00419] The disclosures of each and every patent, patent application, and publication
cited herein are hereby incorporated herein by reference in their entirety. While this invention
has been disclosed with reference to specific aspects, it is apparent that other aspects 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 aspects and equivalent variations.
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CLAIMS

1. An isolated nucleic acid molecule encoding a chimeric antigen receptor (CAR), wherein
said CAR comprises an anti-EGFRvIII binding domain, a transmembrane domain, and an
intracellular signaling domain comprising a primary signaling domain, a costimulatory domain
or both a primary signaling domain and a costimulatory domain, and wherein the encoded anti-
EGFRVIII binding domain comprises:

(a) an amino acid sequence having not more than 10 modifications of the light chain

variable region and heavy chain variable region of SEQ ID NO: 68; or

(b) an amino acid sequence with at least 95% sequence identity to the light chain variable

region and the heavy chain variable region of SEQ ID NO: 68;

and wherein:

(i) the light chain variable region comprises:

(i)(a) a light chain complementary determining region 1 (LC CDR1) comprising the

sequence of SEQ ID NO:26;

(i)(b) a light chain complementary determining region 2 (LC CDR2) comprising the

sequence of SEQ ID NO:27; and

(1)(c) a light chain complementary determining region 3 (LC CDR3) comprising the

sequence of SEQ ID NO: 28; and

(ii) the heavy chain variable region comprises:

(ii)(a) a heavy chain complementary determining region 1 (HC CDR1) comprising the

sequence of SEQ ID NO: 22;

(ii)(b) a heavy chain complementary determining region 2 (HC CDR2) comprising the

sequence of SEQ ID NO: 23; and

(i)(c) and a heavy chain complementary determining region 3 (HC CDR3) comprising

the sequence of SEQ ID NO:24.

2. The isolated nucleic acid molecule of claim 1, wherein the encoded EGFRvIII binding
domain comprises:

(@) the light chain variable region comprising:

(i) asequence with 95-99% identity to the amino acid sequence of the light chain variable region
of SEQ ID NO:68; or

(iii) the amino acid sequence of the light chain variable region of SEQ ID NO:68; and
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(b) the heavy chain variable region comprising:
(1) a sequence with 95-99% identity to the amino acid sequence of the heavy chain variable
region of SEQ ID NO:68; or

(i) the amino acid sequence of the heavy chain variable region of SEQ ID NO: 68.

3. The isolated nucleic acid molecule of any of the preceding claims, wherein the encoded
anti-EGFRvIII binding domain comprises the amino acid sequence of SEQ 1D NO:68.

4. The isolated nucleic acid molecule of any of the preceding claims, wherein the nucleic
acid sequence encoding the anti-EGFRvIII binding domain comprises the nucleic acid sequence
of SEQ ID NO:69, or a nucleic acid sequence with 95-99% identify thereof.

5. The isolated nucleic acid molecule of any of the preceding claims, wherein:

(i) the encoded CAR includes a transmembrane domain that comprises a transmembrane domain
of a protein selected from the group consisting of the alpha, beta or zeta chain of the T-cell
receptor, CD28, CD3 epsilon, CD45, CD4, CD5, CD8, CD9, CD16, CD22, CD33, CD37, CD64,
CD80, CD86, CD134, CD137 and CD154;

(i) the encoded transmembrane domain comprises the amino acid sequence of SEQ ID NO: 15,
or a sequence with 95-99% identity to the amino acid sequence of SEQ ID NO:15, ,and/or

(iii) the nucleic acid sequence encoding the transmembrane domain comprises the sequence of
SEQ ID NO:8, or a sequence with 95-99% identity thereof.

6. The isolated nucleic acid molecule of any of the preceding claims, wherein the encoded
anti-EGFRvIII binding domain is connected to the transmembrane domain by a hinge region,
optionally wherein:

(a) the encoded hinge region comprises SEQ ID NO:14, or a sequence with 95-99% identity
thereof, or (b) the nucleic acid sequence encoding the hinge region comprises the sequence of
SEQ ID NO:7, or a sequence with 95-99% identify thereof.

7. The isolated nucleic acid molecule of any of the preceding claims, wherein the encoded
intracellular signaling domain comprises a primary signaling domain and/or a costimulatory
domain, e.g., a functional signaling domain, of a protein selected from the group consisting of
0X40, CD27, CD28, CDS, ICAM-1, LFA-1 (CD11a/CD18), ICOS (CD278), and 4-1BB
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(CD137), optionally wherein:

(a) the encoded costimulatory domain comprises the sequence of SEQ ID NO:16, or a sequence
with 95-99% identity to the amino acid sequence of SEQ ID NO:16; or

(b) the nucleic acid sequence encoding the costimulatory domain comprises the sequence of SEQ
ID NO:9, or a sequence with 95-99% identify thereof.

8. The isolated nucleic acid molecule of any of the preceding claims, wherein:

(i) the encoded intracellular signaling domain comprises a primary signaling domain;

(ii) the encoded intracellular signaling domain comprises a costimulatory signaling
domain;

(iii) the encoded intracellular signaling domain comprises a functional signaling domain
of 4-1BB and a functional signaling domain of CD3 zeta;

(iv) the encoded costimulatory domain comprises the sequence of SEQ ID NO: 16; or a
sequence with 95-99% identity to the amino acid sequence of SEQ ID NO: 16, and the encoded
primary signaling domain comprises the sequence of SEQ ID NO: 17 or SEQ ID NO:99; or a
sequence with 95-99% identity to the amino acid sequence of SEQ ID NO:17 or SEQ ID NO:99;

(iv) the encoded intracellular signaling domain comprises the sequence of SEQ ID NO:
16 and the sequence of SEQ ID NO: 17 or SEQ ID NO:99, wherein the sequences comprising
the intracellular signaling domain are expressed in the same frame and as a single polypeptide
chain; and/or

(v) the nucleic acid sequence encoding the intracellular signaling domain comprises the
sequence of SEQ ID NO:9, or a sequence with 95-99% identify thereof, and/or the sequence of
SEQ ID NO:10 or SEQ ID NO:100, or a sequence with 95-99% identity thereof.

9. The isolated nucleic acid molecule of any of the preceding claims, further comprising a

leader sequence, optionally wherein the leader sequence comprises SEQ ID NO: 13.

10.  Anisolated polypeptide molecule encoded by the nucleic acid molecule of any of the
preceding claims, wherein the isolated polypeptide molecule comprises the sequence SEQ ID
NO:73; or a sequence with 95-99% identity thereof.

11.  Anisolated chimeric antigen receptor (CAR) molecule comprising an anti-EGFRVIII

binding domain, a transmembrane domain, and an intracellular signaling domain comprising a
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primary signaling domain, a costimulatory domain, or both a primary signaling domain and a
costimulatory domain, wherein the encoded anti-EGFRVIII binding domain comprises:
(a) an amino acid sequence having not more than 10 modifications of the light chain variable
region and heavy chain variable region of SEQ ID NO: 68; or
(b) an amino acid sequence with at least 95% sequence identity to the light chain variable region
and the heavy chain variable region of SEQ ID NO:68;
and wherein:
(i) the heavy chain variable region comprises:
(i)(a) a HC CDR1 comprising the sequence of SEQ ID NO: 22;
(i)(b) a HC CDR2 comprising the sequence of SEQ ID NO: 23; and
(i)(c) a HC CDR3 comprising the sequence of SEQ ID NO: 24; and
(ii) the light chain variable region comprises:
(if)(a) a LC CDR1 comprising the sequence of SEQ ID NO: 26;
(i1)(b) a LC CDR2 comprising the sequence of SEQ ID NO: 27; and
(if)(c) a LC CDR3 comprising the sequence of SEQ ID NO: 28.

12.  The isolated CAR molecule of claim 11, wherein the anti-EGFRvVIII binding domain
comprises:

(a) the light chain variable region comprising:

(i) asequence with 95-99% identity to an amino acid sequence of the light chain variable region
of SEQ ID NO:68; or

(it) the amino acid sequence of the light chain variable region of SEQ ID NO:68; and

(b) the heavy chain variable region comprising:

(1) a sequence with 95-99% identity to an amino acid sequence of the heavy chain variable region
of SEQ ID NO:68; or

(ii) the amino acid sequence of the heavy chain variable region of SEQ ID NO: 68.

13.  The isolated CAR molecule of claims 11 or 12, wherein the anti-EGFRvIII binding

domain comprises the amino acid sequence of SEQ ID NO:68.

14.  The isolated CAR molecule of any of claims 11-13, wherein:
(i) the CAR molecule comprises a transmembrane domain of a protein selected from the group
consisting of the alpha, beta or zeta chain of the T-cell receptor, CD28, CD3 epsilon, CD45,
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CD4, CD5, CD8, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86, CD134, CD137 and
CD154; or

(i), the transmembrane domain comprises the amino acid sequence of SEQ ID NO:15; or a
sequence with 95-99% identity to the amino acid sequence of SEQ ID NO:15.

15.  The isolated CAR molecule of any of claims 11-14, wherein the anti-EGFRvIII binding
domain is connected to the transmembrane domain by a hinge region, optionally wherein the
encoded hinge region comprises SEQ ID NO:14, or a sequence with 95-99% identity thereof.

16.  The isolated CAR molecule of any of claims 11-15, wherein the intracellular signaling
domain comprises a primary signaling domain and/or a costimulatory domain, e.g., a functional
signaling domain, of a protein selected from the group consisting of 0X40, CD27, CD28, CDS,
ICAM-1, LFA-1 (CD11a/CD18) and 4-1BB (CD137), optionally wherein:

the costimulatory domain comprises the sequence of SEQ ID NO:16; or a sequence with 95-99%
identity to an amino acid sequence of SEQ ID NO:16.

17.  Theisolated CAR molecule of any of claims 11-16, wherein:

(1) the intracellular signaling domain comprises a primary signaling domain;

(ii) the intracellular signaling domain comprises a costimulatory signaling domain;

(iii) the encoded intracellular signaling domain comprises a functional signaling domain of 4-
1BB and/or a functional signaling domain of CD3 zeta;

(iv) the costimulatory domain comprises the sequence of SEQ ID NO: 16; or a sequence with 95-
99% identity to the amino acid sequence of SEQ ID NO: 16, and the encoded primary signaling
domain comprises the sequence of SEQ ID NO: 17 or SEQ ID NO:99; or a sequence with 95-
99% identity to the amino acid sequence of SEQ ID NO:17 or SEQ ID NO:99; or

(v) the encoded intracellular signaling domain comprises the sequence of SEQ ID NO: 16 and
the sequence of SEQ ID NO: 17 or SEQ ID NO:99, wherein the sequences comprising the

intracellular signaling domain are expressed in the same frame and as a single polypeptide chain.

18.  The isolated CAR molecule of any of claims 11-17, further comprising a leader sequence,
optionally wherein the leader sequence comprises the amino acid sequence of SEQ ID NO: 13,

or a sequence with 95-99% identity to the amino acid sequence of SEQ ID NO: 13.
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19.  Ananti-EGFRVIII binding domain comprising:
(a) an amino acid sequence having not more than 10 modifications of the light chain variable
region and heavy chain variable region of SEQ ID NO:68; or
(b) an amino acid sequence with at least 95% sequence identity to the light chain variable region
and the heavy chain variable region of SEQ ID NO:68;
and wherein:
(1) the heavy chain variable region comprises:
(i)(a) a HC CDR1 comprising the sequence of SEQ ID NO: 22;
(i)(b) a HC CDR2 comprising the sequence of SEQ ID NO: 23; and
(i)(c) a HC CDR3 comprising the sequence of SEQ ID NO: 24; and
(i) the light chain variable region comprises:
(if)(a) a LC CDR1 comprising the sequence of SEQ ID NO: 26;
(ii)(b) a LC CDR2 comprising the sequence of SEQ ID NO: 27; and
(if)(c) a LC CDR3 comprising the sequence of SEQ ID NO: 28.

20.  The anti-EGFRVIII binding domain of claim 19, comprising:

(a) the light chain variable region comprising:

(i) a sequence with 95-99% identity to an amino acid sequence of the light chain variable region
of SEQ ID NO:68; or

(i) the amino acid sequence of the light chain variable region of SEQ ID NO:68; and

(b) the heavy chain variable region comprising:

(i) a sequence with 95-99% identity to an amino acid sequence of the heavy chain variable region
of SEQ ID NO:68; or

(i) the amino acid sequence of the heavy chain variable region of SEQ ID NO: 68.

21.  The anti-EGFRvVIII binding domain of claim 19 or 20, wherein the anti-EGFRVIII
binding domain comprises the amino acid sequence of SEQ ID NO:68.

22.  Anisolated nucleic acid molecule encoding the anti-EGFRvIII binding domain of claim
21, wherein the nucleic acid comprises the nucleic acid sequence of SEQ ID NO:69, or a nucleic

acid sequence with 95-99% identify thereof.

23. A vector comprising a nucleic acid molecule encoding a CAR of any of claims 11-18.
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24.  The vector of claim 23, wherein the vector is selected from the group consisting of a
DNA, a RNA, a plasmid, a lentivirus vector, adenoviral vector, or a retrovirus vector, optionally
wherein the vector further comprises a promoter, wherein the promoter is an EF-1 promoter,

wherein the EF-1 promoter comprises the sequence of SEQ ID NO: 97.

25. The vector of claim 24, wherein the vector is an in vitro transcribed vector.

26.  The vector of claim 24 or 25, wherein the nucleic acid sequence in the vector further
comprises a poly(A) tail and/or the nucleic acid sequence in the vector further comprises a
3’UTR.

27. A cell comprising the vector of any of claims 23-26, wherein the cell isan NK cellora T

cell, e.g., aCD8+ T cell.

28. The cell of claim 27, wherein the T cell or NK cell is a human T cell or NK cell.

29.  Aninvitro method of making a cell comprising transducing a T cell with a vector of any
of claims 23-26.

30.  Aninvitro method of generating a population of RNA-engineered cells comprising
introducing an in vitro transcribed RNA or synthetic RNA into a cell, where the RNA comprises
a nucleic acid encoding a CAR molecule comprising an anti-EGFRvIII binding domain of any of
claims 19-22.

31. Use of an effective amount of a T cell or NK cell expressing a CAR molecule of any of
claims 13-23 in the manufacture of a medicament for providing an anti-tumor immunity in a
mammal, optionally wherein the T cell or NK cell is an autologous T cell or NK cell, or an

allogeneic T cell or NK cell.

32. The use of claim 31, wherein the mammal is a human.
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33. Use of an effective amount of a T cell or NK cell expressing a CAR molecule of any of
claims 11-18 in the manufacture of a medicament for the treatment of a mammal having a

disease associated with overexpression of EGFRUVIII.

34. Use of an effective amount of a T cell or NK cell expressing a CAR molecule of any of
claims 11-18 in the manufacture of a medicament for the treatment of a mammal having a

cancer.

35.  The use of claim 34, wherein the cancer is selected from the group consisting of
glioblastoma, glioblastoma multiforme (GBM), anaplastic astrocytoma, giant cell glioblastoma,
gliosarcoma, anaplastic oligodendroglioma, anaplastic ependymoma, choroid plexus carcinoma,
anaplastic ganglioglioma, pineoblastoma, medulloepithelioma, ependymoblastoma,
medulloblastoma, supratentorial primitive neuroectodermal tumor, atypical teratoid/rhabdoid
tumor, lung cancer (e.g., non-small cell lung carcinomas) breast, prostate, ovarian, colorectal and

bladder carcinoma; any combination thereof; and metastases of any of the cancers.

36.  The use of claim 35, wherein the T cells or NK cells expressing a CAR molecule are to
be administered in combination with:

(a) an agent that increases the efficacy of a T cell or NK cell expressing a CAR molecule;

(b) an agent that ameliorates one or more side effects associated with administration of a T cell
or NK cell expressing a CAR molecule; and/or

(c) an agent that treats the disease associated with overexpression of EGFRVIII.

37.  Theisolated nucleic acid molecule of any of claims 1-9, the isolated polypeptide
molecule of claim 10, the isolated CAR of any of claims 11-18, the vector of any of claims 23-

26, or the cell of claim 27 or 28 for use as a medicament.

38.  Theisolated nucleic acid molecule of any of claims 1-9, the isolated polypeptide
molecule of claim 10, the isolated CAR of any of claims 11-18, the vector of any of claims 23-
26,0r the cell of claim 27 or 28 for use in the treatment of a disease associated with

overexpression of EGFRVIII.
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39. The isolated nucleic acid molecule of any of claims 1-9, the isolated polypeptide
molecule of claim 10, the isolated CAR of any of claims 11-18, the vector of any of claims 23-
26,0r the cell of claim 27 or 28 for use in the treatment of a cancer.

40.  The use of claim 39, wherein the cancer is selected from the group consisting of
glioblastoma, glioblastoma multiforme (GBM), anaplastic astrocytoma, giant cell glioblastoma,
gliosarcoma, anaplastic oligodendroglioma, anaplastic ependymoma, choroid plexus carcinoma,
anaplastic ganglioglioma, pineoblastoma, medulloepithelioma, ependymoblastoma,
medulloblastoma, supratentorial primitive neuroectodermal tumor, atypical teratoid/rhabdoid
tumor, lung cancer (e.g., non-small cell lung carcinomas) breast, prostate, ovarian, colorectal and

bladder carcinoma; any combination thereof; and metastases of any of the cancers.



