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DESCRIPTION

Description

FIELD OF THE INVENTION

[0001] The present invention is directed to chimeric antigen receptor (CAR) compositions and
methods of their use in cancer immunotherapy.

BACKGROUND OF THE INVENTION

[0002] B7-H3 (CD276) is a type | transmembrane protein and a member of the B7 superfamily
of ligands that has an inhibitory effect on T-cells. B7-H3 is highly expressed in several human
malignancies and its expression correlates with poor survival. B7-H3 is of interest as a target of
chimeric antigen receptor (CAR)-redirected T cells, since it is expressed in tumor cells, but has
a restricted distribution in normal tissues. In view of the broad tumor expression of B7-H3,
there is much interest in the applicability of the B7-H3.CAR derived from particular monoclonal
antibodies for the treatment of many types of solid and liquid human tumors. This invention
describes compositions and methods for a chimeric antigen receptor (CAR) that targets the
B7-H3 (CD276) transmembrane protein.

[0003] WO 2014/160627 relates to anti-CD276 polypeptides, proteins and chimeric antigen
receptors. The document discloses polypeptides and proteins that specifically bind to and
immunologically recognise CD276. Chimeric antigen receptors (CARs), anti-CD276 binding
moieties, nucleic acids, recombinant expression vectors, host cells, populations of cells, and
pharmaceutical compositions relating to the polypeptides and proteins are also disclosed.
Methods for detecting the presence of cancer in a mammal and methods for treating and
preventing cancer in a mammal are also disclosed.

[0004] Gynecologic Oncology, vol. 132, pages 203-210, (2013) by Janelle M. Fauci et al,
relates to monoclonal antibody-based immunotherapy of ovarian cancer and the targeting of
ovarian cancer cells with the B7-H3-specific mAb 376.96. The document discloses that the
mAB-376.96-defined-B7-H3-epitope was found to be expressed on both differentiated ovarian
cancer cells and cancer initiating cells (CICs) in chemosensitive and chemoresistant ovarian
cancer cell lines. mAb 376.96 inhibited the in vitro growth of chemosensitive and
chemoresistant ovarian carcinoma cells (OCCs) and reduced the content of CICs when used
with Sunitinib. The document concludes that further studies examining B7-H3 as a potential
target for mAb-based immunotherapy for this type of malignancy are warranted.



DK/EP 3642344 T3

[0005] The present invention overcomes previous shortcomings in the art by providing a
chimeric antigen receptor (CAR) that targets the B7-H3 (CD276) transmembrane protein and
methods of its use in treating cancer.

SUMMARY OF THE INVENTION

[0006] The present invention provides, in one embodiment, a chimeric antigen receptor (CAR)

comprising the amino acid sequence:
MEFGLSWLFLV ATLKGVQCDIVMTQSHKFMSTSIGARVSITCKASQDVRTAV

AWYQOQKPGQSPKLLIYSASYRYTGVPDRFTGSGSGTDFTFTISSVQAEDLAVY
YCQOQHYGTPPWTFGGGTKLEIKGGGGSGGGGSGGGGSEVQLVESGGGLVKP
GGSLKLSCEASRFTFSSYAMSWVRQTPEKRLEWYV AAISGGGRYTYYPDSMK
GRFTISRDNAKNFLYLQMSSLRSEDTAMYYCARHYDGYLDYWGQGTTLTV

STRTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGA VHTRGLDF ACDIYIWAP
LAGTCGVLLLSLVITL YCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPR

DFAAYRSRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPE

MGGKPRRKNPQEGLYNELQKDKMAFEAYSEIGMKGERRRGKGHDGLYQGLS

TATKDTYDALHMQALPPR (SEQ ID NO:1).

[0007] In another embodiment, the present invention provides a chimeric antigen receptor

(CAR) comprising the amino acid sequence:
MEFGLSWLFLVAILKGVQCDIVMTQSHKFMSTSIGARVSITCKASQDVRTAV

AWYQQKPGQSPKLLIYSASYRYTGVPDRFTGSGSGTDFTFTISSVQAEDLAVY
YCQQHYGTPPWTFGGGTKLEIKGGGGSGGGGSGGGGSEVQLVESGGGLVKP
GGSLKLSCEASRFTFSSYAMSWVRQTPEKRLEW VAAISGGGRYTYYPDSMK
GRFTISRDNAKNFLYLQMSSLRSEDTAMYYCARHYDGYLDYWGQGTTLTVS
STRTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYTWAP
LAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEE
EEGGCELRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPE
MGGKPRRKNPQEGL YNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS
TATKDTYDALHMQALPPR (SEQ ID NO:2).

[0008] In a further embodiment, the present invention provides a nucleic acid molecule
encoding the CAR of this invention, including, in some embodiments, the nucleotide sequence
of SEQ ID NO:3, which comprises a nucleotide sequence that encodes the amino acid
sequence of SEQ ID NO:1 and in some embodiments, the nucleotide sequence of SEQ ID
NO:4, which comprises a nucleotide sequence that encodes the amino acid sequence of SEQ
ID NO:2. The present invention further provides vectors and cells comprising the nucleic acid
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molecule of this invention.

[0009] In a further embodiment, the present invention provides the nucleic acid molecule,
vector and/or cell of this invention for use in stimulating a T cell-mediated immune response to
a B7-H3 expressing target cell population or tissue in a subject.

In additional embodiments, the present invention provides the nucleic acid molecule, vector,
and/or the cell of this invention for use in stimulating a T-cell-mediated immune response to a
B7-H3 expressing target cell population or tissue in a subj ect.

[0010] The present invention further provides the nucleic acid molecule, vector, and/or the cell
of this invention for use in treating a subject having a disease or disorder associated with
elevated expression of B7-H3 (CD276) by a cell of the subj ect.

[0011] In an additional embodiment, the present invention provides a cell genetically
engineered to express the CAR of this invention for use in generating a persisting population of
genetically engineered T cells in a subject (e.g., a subject diagnosed with cancer), wherein the
persisting population of genetically engineered cells persists in the subject following
administration, wherein the population of genetically engineered cells persists in the subject for
a period of time following administration, wherein the genetically engineered cell is selected
from the group consisting of an afT cell, a natural killer (NK) cell, a cytotoxic T lymphocyte
(CTL), a regulatory T cell, a natural killer T (NKT) cell, a Th17 cell, a ydT cell and any
combination thereof.

[0012] In a further embodiment, the present invention provides a cell genetically engineered to
express a CAR of this invention for use in expanding a population of genetically engineered T
cells in a subject (e.g., a subject diagnosed with cancer), wherein the administered genetically
engineered cell produces a population of progeny cells in the subject, wherein the
administered genetically engineered cells produces a population of progeny cells in the
subject, wherein the genetically engineered cell is selected from the group consisting of an afT
cell, a natural killer (NK) cell, a cytotoxic T lymphocyte (CTL), a regulatory T cell, a natural killer
T (NKT) cell, a Th17 cell, a ydT cell and any combination thereof.

[0013] In an additional embodiment, the present invention provides the nucleic acid molecule,
vector, and/or the cell of this invention for use in treating cancer associated with increased
expression or overexpression of B7-H3 antigen in a subject.

[0014] The present invention also provides a method of targeting a cancer cell and/or a cancer
initiating cell (CIC) having a B7-H3 (CD276) antigen, comprising contacting the cancer cell
and/or the CIC with a cell comprising the CAR of this invention.

[0015] Also provided herein is a method of detecting cancer cells and/or cancer initiating cells
(CICs) in a cell sample, comprising: a) contacting the cell sample with the CAR of this invention
under conditions whereby a binding complex can form; and b) detecting formation of the
binding complex, wherein detection of the binding complex is indicative of cancer cells and/or
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CICs in the cell sample.

[0016] Another embodiment of this invention is a method of detecting cancer cells and/or
cancer initiating cells (CICs) in a subject, comprising: a) contacting a cell sample obtained from
the subject with the CAR of this invention under conditions whereby a binding complex can
form; and b) detecting formation of the binding complex, wherein detection of the binding
complex is indicative of the presence of cancer cells and/or CICs in the subject.

[0017] Further embodiments of the invention provide related nucleic acid molecules,
recombinant expression vectors, host cells, populations of cells, antibodies or antigen binding
portions thereof, antibody fragments and pharmaceutical compositions relating to the CARs of
the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Figs. 1A-C. B7-H3 is highly expressed in pancreatic cancer. (1A) Immunohistochemistry of
frozen tissues of normal human pancreas and pancreatic ductal adenocarcinoma (PDAC).
Staining was performed using the anti-B7-H3 mAb 376.96, from which the B7-H3.CAR was
derived. The final concentration of the mAb was 1 ug/mL. Scale bars are 100 ym. Human
PDAC tumor cell lines (1B) and primary pancreatic tumor cell lines derived from PDX (1C) were
also stained with anti-B7-H3 mAb 376.96, and the expression of the antigen was assessed by
flow cytometry.

Fig. 2. Limited expression of B7-H3 in normal human tissues. Immunohistochemistry of
frozen microarrays of normal human tissues. Staining was performed using the anti-B7-H3
mAb 376.96. The final concentration of the Ab was 1 pg/mL. Representative photomicrographs
are shown. Black boxes indicate zoomed in cutout. Data represent at least three sections per
tissue. Scale bars are 200 uym.

Figs. 3A-G. B7-H3.CAR-T cells recognize human and mouse B7-H3. (3A) Schematic structure
of the retroviral vector SFG encoding the B7-H3.CARs including either CD28 or 4-1BB co-
stimulatory domains. (3B) Representative expression of the B7-H3.CARs in transduced human
T cells. CAR expression was detected using an anti-mouse-FAB antibody and analyzed by flow
cytometry. (3C) The human lymphoma tumor cell line Raji was engineered to express either
the two human isoforms of B7-H3 (2Ig-hB7-H3 or 41g-hB7-H3) or the mouse isoform (mB7-H3)
via retrovirus gene transfer. Single clones were then selected. The anti-B7-H3 mAb 376.96
recognizes both human and mouse B7-H3, as assessed by flow cytometry. (3D) Wild type
(WT) Raji cells and Raji cells modified to express either human or mouse B7-H3 were co-
cultured with either control T cells or B7-H3.CAR-Ts (1:1 ratio). By day 5, tumor cells (CD19+)
and B7-H3.CAR-Ts (CD3+) were enumerated by flow cytometry. (3E) Statistics of the tumor cell
frequency by day 5 of co-culture (n=4). (3F) IFNy and (3G) IL2 released by control T cells and
B7-H3.CAR-T cells after 24 hours of co-cultured with Raiji cells as measured by ELISA (n=4).
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Figs. 4A-F. B7-H3.CAR-Ts target PDAC cell lines in vitro. (4A) Six PDAC cell lines were co-
cultured with control (NT) or B7-H3.CAR-Ts at the T cell to PDAC ratio of 1:5 or 1:10. PDAC
tumor cell lines were labeled with green fluorescent protein (GFP). By day 7, PDAC (GFP+)
and B7-H3.CAR-T cells (CD3+) were enumerated by flow cytometry. (4B) Statistics of the
tumor cell frequency for T cell to PDAC ratio 1:5, and (4C) T cell to PDAC ratio 1:10 (n=4). (4D)
IFNy and (4E) IL2 released by control and B7-H3.CAR-Ts after 24 hours co-cultured with
PDAC as measured by ELISA (n=4). (4F) CFSE-labeled B7-H3.CAR-Ts were co-cultured with
PDAC for 5 days at 1:1 ratio. Proliferation of CAR-T cells was measured by CFSE dilution by
flow cytometry. CFSE-labeled B7-H3.CAR-T cells alone were used as control, which is shown
as filled gray peak.

Figs. 5A-F. B7-H3.CAR-T cells target primary PDAC cell lines derived from PDX. (5A) Three
primary PDAC cell lines derived from PDX were co-cultured with control T cells (NT) or B7-
H3.CAR-T cells at the T cell to PDAC ratio 1:5. PDAC tumor cell lines were labeled with GFP.
By day 7, tumor cells (GFP+) and B7-H3.CAR-T cells (CD3+) were enumerated by flow
cytometry. (5B) Statistics of the tumor cell frequency after 7 days co-culture with either control
or B7-H3.CAR-T cells for T cell to PDAC ratio 1:5 (n=6), and (5C) for T cell to PDAC ratio 1:10
(n=4). (5D) IFNy and (5E) IL2 released by either T cells or B7-H3.CAR-Ts after 24 hours of co-
cultured with PDAC as measured by ELISA (n=4). (5F) CFSE-labeled B7-H3.CAR-T cells were
co-cultured with PDAC for 5 days at 1:1 ratio. Proliferation of B7-H3.CAR-T cells was measured
by CFSE dilution and analyzed by flow cytometry. CFSE-labeled B7-H3.CAR-T cells alone were
used as control, which is shown as filled gray peak.

Figs. 6A-J. B7-H3.CAR-Ts showed antitumor activity in xenograft model. (6A) Schema of the

orthotopic mouse models. FFluc labeled Panc-1 (2x10°%mouse) or BxPC-3 (Ix10°/mouse)
human PDAC tumor cell lines were implanted into the pancreas of NSG mice. By day 12, mice
were infused with either control CD19.CAR-T cells or B7-H3.CAR-T cells encoding either CD28

or 4-IBB co-stimulatory domains (107 cells/mouse by intravenous (i.v.) route). Tumor growth
was monitored by luminescence imaging weekly after T cell infusion. (6B) Bioluminescence of
Panc-1 orthotopic model. (6C) Representative ultrasound (US) measurement of Panc-1 by day
50 after tumor implant in mice treated with CD19.CAR-T cells. (6D) Bioluminescence signal
measurements of Panc-1. (6E) Bioluminescence of BxPC-3 orthotopic model. (6F)
Bioluminescence signal measurement ofBxPC-3. (6G) Kaplan-Meier survival curve analysis of
the BxPC-3 orthotopic model. (6H) Schema of the metastatic model of Panc-1. (61)
Bioluminescence of Panc-1 metastatic model. (6J) Bioluminescence signal measurement of
metastatic Panc-1.

Fig. 7. Plasmid map and nucleotide sequence of plasmid encoding CD28 version of CAR (SEQ
ID NO:3) with translation into amino acid sequence (SEQ ID NO:1).

Fig. 8. Plasmid map and nucleotide sequence of plasmid encoding 4-1-BB version of CAR
(SEQ ID NO:4) with translation into amino acid sequence (SEQ ID NO:2).
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DETAILED DESCRIPTION OF THE INVENTION

[0019] The present invention is explained in greater detail below. This description is not
intended to be a detailed catalog of all the different ways in which the invention may be
implemented, or all the features that may be added to the instant invention. For example,
features illustrated with respect to one embodiment may be incorporated into other
embodiments, and features illustrated with respect to a particular embodiment may be deleted
from that embodiment.

[0020] Unless the context indicates otherwise, it is specifically intended that the various
features of the invention described herein can be used in any combination. Moreover, the
present invention also contemplates that in some embodiments of the invention, any feature or
combination of features set forth herein can be excluded or omitted.

[0021] In the following description, certain details are set forth such as specific quantities,
sizes, etc. so as to provide a thorough understanding of the present embodiments disclosed
herein. However, it will be obvious to those skilled in the art that the present disclosure may be
practiced without such specific details. In many cases, details concerning such considerations
and the like have been omitted inasmuch as such details are not necessary to obtain a
complete understanding of the present disclosure and are within the skills of persons of
ordinary skill in the relevant art.

[0022] The present invention is based on the discovery of a chimeric antigen receptor (CAR)
that targets cancer cells and/or cancer initiating cells (CICs) having a B7-H3 antigen.
Accordingly, the present invention provides a chimeric antigen receptor (CAR) that targets
cancer cells and/or CICs having a B7-H3 antigen, wherein the CAR comprises, consists
essentially of and/or consists of the components described herein.

[0023] Thus, in one embodiment, the present invention provides a chimeric antigen receptor
(CAR) comprising, consisting essentially of, or consisting of the amino acid sequence:
MEFGLSWLFLVAILKGVQCDIVMTQSHKFMSTSIGARVSITCKASQDVRTAV
AWYQQKPGQSPKLLIYSASYRYTGVPDRFTGSGSGTDFTFTISSVQAEDLAVY
YCQQHYGTPPWTFGGGTKLEIKGGGGSGGGGSGGGGSEVQLVESGGGLVKP
GGSLKLSCEASRFTFSSYAMSVWRQTPEKRLEVWWAAISGGGRYTYYPDSMK
GRFTISRDNAKNFLYLQMSSLRSEDTAMYYCARHYDGYLDYWGQGTTLTVS
STRTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAP
LAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPR
DFAAYRSRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPE
MGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS
TATKDTYDALHMQALPPR (SEQ ID NO:1) (B7-H3.CAR including CD28 co-stimulatory domain).

[0024] In another embodiment, the present invention provides a chimeric antigen receptor
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(CAR) comprising, consisting essentially of, or consisting of the amino acid sequence:
MEFGLSWLFLVAILKGVQCDIVMTQSHKFMSTSIGARVSITCKASQDVRTAV
AWYQQKPGQSPKLLIYSASYRYTGVPDRFTGSGSGTDFTFTISSVQAEDLAVY
YCQQHYGTPPWTFGGGTKLEIKGGGGSGGGGSGGGGSEVQLVESGGGLVKP
GGSLKLSCEASRFTFSSYAMSVWRQTPEKRLEVWWAAISGGGRYTYYPDSMK
GRFTISRDNAKNFLYLQMSSLRSEDTAMYYCARHYDGYLDYWGQGTTLTVS
STRTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAP
LAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEE
EEGGCELRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPE
MGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS
TATKDTYDALHMQALPPR (SEQ ID NO:2) (B7-H3.CAR including 4-1BB co-stimulatory
domain).

[0025] In particular embodiments, the chimeric antigen receptor (CAR) of this invention has
one, two, three, four, or more components, and in some embodiments the one, two, three, four
or more components facilitate targeting and/or binding of the CAR to the B7-H3 antigen-
comprising cancer cell and/or CIC, although in some cases one or more components can be
useful to promote and/or maintain growth and/or maturity of the cell comprising the CAR.

[0026] The present invention additionally provides a nucleic acid molecule encoding the CAR
of this invention. In some embodiments, the nucleic acid molecule can comprise the nucleotide
sequence of SEQ ID NO:3, which encodes a B7-H3 CAR including a CD28 co-stimulatory
domain. In some embodiments, the nucleic acid molecule can comprise the nucleotide
sequence of SEQ ID NO:4, which encodes a B7-H3 CAR including a 4-1BB co-stimulatory
domain.

[0027] Further provided herein is a vector comprising the nucleic acid molecule of this
invention.

[0028] In some embodiments, the present invention provides a cell comprising the CAR of this
invention and in some embodiments, the present invention provides a cell comprising the
nucleic acid molecule of this invention.

[0029] Nonlimiting examples of a cell of this invention include a apT cell, a natural killer (NK)
cell, a cytotoxic T lymphocyte (CTL), a regulatory T cell, a natural killer T (NKT) cell, a Th17
cell, a yoT cell, and any combination thereof.

[0030] In some embodiments, the present invention provides a cytotoxic T lymphocyte
comprising a CAR that recognizes and binds B7-H3 antigen. The cytotoxic T lymphocyte can
be transduced with a viral vector or transfected with a plasmid or nucleic acid construct
comprising a nucleotide sequence encoding the CAR of this invention and in some
embodiments the nucleotide sequence can be SEQ ID NO:3 and/or SEQ ID NO:4.

[0031] In certain embodiments, the present invention includes T lymphocytes engineered to
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comprise a chimeric antigen receptor having an antibody, antigen binding fragment and/or
engineered antibody specific for B7-H3, part or all of a cytoplasmic signaling domain, and/or
part or all of one or more costimulatory molecules, for example endodomains of costimulatory
molecules. In specific embodiments, the antibody for B7-H3 is a single-chain variable fragment
(scFv), although in certain aspects the antibody can be directed at other target antigens on the
cell surface, such as HER2 or CD 19, for example. In certain embodiments, a cytoplasmic
signaling domain, such as those derived from the T cell receptor .zeta.-chain, can be included
as at least part of the chimeric antigen receptor in order to produce stimulatory signals for T
lymphocyte proliferation and effector function following engagement of the chimeric antigen
receptor with the target antigen. Examples would include, but are not limited to, endodomains
from co-stimulatory molecules such as CD28, 4-1BB, and OX40 or the signaling components of
cytokine receptors such as interleukin 7 (IL7), interleukin 15 (IL15) and interleukin 12 (IL12). In
particular embodiments, costimulatory molecules are employed to enhance the activation,
proliferation and/or cytotoxicity of T cells produced by the CAR after antigen engagement. In
specific embodiments, the costimulatory molecules can be CD28, OX40, and 4-1BB and
cytokine receptors. Nonlimiting examples of cytokine receptors of this invention include IL7 and
IL15.

[0032] Genetic engineering of human T lymphocytes to express tumor-directed chimeric
antigen receptors (CAR) can produce antitumor effector cells that bypass tumor immune
escape mechanisms that are due to abnormalities in protein-antigen processing and
presentation.

[0033] In certain embodiments, the present invention provides cells specific for the B7-H3
antigen, wherein said cells have a chimeric antigen receptor on the cell surface that is
produced by joining an extracellular antigen-binding domain derived from the B7-H3-specific
antibody 376.96 to a cytoplasmic signaling domain derived from the T-cell receptor zeta-chain,
and endodomains of the costimulatory molecules CD28 and/or 4-1BB, as nonlimiting
examples.

[0034] In some embodiments, the CAR of this invention can comprise, consist essentially of
and/or consist of the effector domain of the T cell receptor zeta chain or a related signal
transduction endodomain derived from a T cell receptor. In some embodiments the chimeric
antigen receptor is encoded by the nucleotide sequence of SEQ ID NO:3 or SEQ ID NO:4.
Thus, the present invention further provides a vector (e.g., a viral vector) comprising the
nucleotide sequence of SEQ ID NO:3 and/or SEQ ID NO:4 and the T lymphocytes of this
invention can be transduced with a viral vector comprising the nucleotide sequence of SEQ ID
NO:3 and/or SEQ ID NO:4 under conditions whereby the chimeric antigen receptor is produced
in the T lymphocyte.

[0035] As used herein, the term "co-stimulatory molecule” refers to a molecular component
that promotes activation, proliferation and effector function of a T cell after engagement of an
antigen specific receptor. In some embodiments, the CAR of this invention can comprise one
or more (e.g., 2, 3,4,5,6,7,8,9, 10, etc.) co-stimulatory molecules and/or active fragments
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thereof, nonlimiting examples of which include CD28, OX40, 4-1BB or any other co-stimulatory
molecule and/or active fragment thereof now known or later identified, singly or in any
combination.

[0036] In further embodiments, the chimeric antigen receptor (CAR) of this invention can
further comprise a detectable moiety as would be known in the art and/or an effector molecule,
nonlimting examples of which include a drug, a toxin, a small molecule, an antibody, and/or an
antibody fragment, singly or in any combination.

[0037] As used herein, the term "cytoplasmic signaling domain" refers to the component of a
co-stimulatory molecule or cytokine receptor that exists inside the cell and is responsible for
transducing the external signal received to the internal metabolic processes of the cell, thereby
altering its phenotype and function.

[0038] In some embodiments of the present invention, the overexpression of B7-H3 by cancer
cells allows these cells to be targeted in vitro and in vivo by B7-H3 CAR-expressing T cells, and
in some embodiments, incorporation of endodomains (e.g., from both CD28 and OX40
molecules and/or from CD28 and/or from 4-1BB) mediates co-stimulation of the T
lymphocytes, inducing T cell activation, proliferation, and/or cytotoxicity against B7-H3-positive
cancer and/or CIC cells.

[0039] In particular embodiments of the invention, there are methods for kiling cancer cells
using genetically manipulated T-cells that express a chimeric antigen receptor (CAR) directed
against the antigen B7-H3. In some embodiments, engagement (antigen binding) of this CAR
leads to activation of the linked T-cell receptor C chain and the costimulatory molecules CD28
and 4-1BB.

[0040] In particular embodiments of the invention, the CAR receptor comprises a single-chain
variable fragment (scFv) that recognizes B7-H3. The skilled artisan recognizes that scFv is a
fusion protein of the variable regions of the heavy (VH) and light chains (VL) of
immunoglobulins, connected with a short linker peptide of ten to about 25 amino acids. The
linker may be rich in glycine for flexibility and/or it may have serine or threonine for solubility, in
certain cases. In a particular embodiment, the 376.96 scFv antibody is used in the CAR of this
invention. The scFv may be generated by methods known in the art.

[0041] In certain aspects, one can use cytokine exodomains or other ligand/receptor
molecules as exodomains to provide targeting to the tumor cells.

[0042] The skilled artisan recognizes that T cells utilize co-stimulatory signals that are antigen
non-specific to become fully activated. In particular cases they are provided by the interaction
between co-stimulatory molecules expressed on the membrane of an antigen presenting cell
(APC) and the T cell. In specific embodiments, the one or more costimulatory molecules in the
chimeric antigen receptor come from the B7/CD28 family, TNF superfamily, or the signaling
lymphocyte activation molecule (SLAM) family. Exemplary costimulatory molecules include one
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or more of the following in any combination: B7-1/CD80; CD28; B7-2/CD86; CTLA-4; B7-
H1/PD-L1; ICOS; B7-H2; PD-1; B7-H3; PD-L2; B7-H4; PDCD6; BTLA,; 4-1BB/TNFRSF9/CD137;
CD40 Ligand/TNFSF5; 4-1BB Ligand/TNFSF9; GITR/TNFRSF18; BAFF/BLyS/TNFSF13B;
GITR Ligand/TNFSF18; BAFF R/TNFRSF13C; HVEM/TNFRSF14; CD27/TNFRSF7;
LIGHT/TNFSF14; CD27 Ligand/TNFSF7; OX40/TNFRSF4; CD30/TNFRSF8; 0OX40
Ligand/TNFSF4; CD30 Ligand/TNFSF8; TACI/TNFRSF13B; CD40/TNFRSFS5;
2B4/CD244/SLAMF4; CD84/SLAMF5; BLAME/SLAMF8; CD229/SLAMF3; CD2
CRACC/SLAMF7; CD2F-10/SLAMF9; NTB-A/SLAMF6; CD48/SLAMF2; SLAM/CD150;
CD58/LFA-3; CD2; Ikaros; CD53; Integrin alpha 4/CD49d; CD82/Kai-1; Integrin alpha 4 beta 1;
CD90/Thy1; Integrin alpha 4 beta 7/LPAM-1; CD96; LAG-3; CD160; LMIR1/CD300A; CRTAM;
TCL1A; DAP12; TIM-I/KIM-1/HAVCR; Dectin-1/CLEC7A; TIM-4; DPPIV/CD26; TSLP; EphBS6;
TSLP R; and HLA-DR.

[0043] The effector domain is a signaling domain that transduces the event of receptor ligand
binding to an intracellular signal that partially activates the T lymphocyte. Absent appropriate
co-stimulatory signals, this event is insufficient for useful T cell activation and proliferation. A
nonlimiting example of an effector domain of this invention is the effector domain of the T cell
receptor zeta chain.

[0044] The present invention additionally provides embodiments of the amino acid sequences
and nucleotide sequences of this invention wherein the amino acid sequence and/or the
nucleotide sequence has at least 60% (e.g., 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74,75,76,77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99 or 100%) identity with the amino acid sequence and/or nucleotide sequences described
herein. The present invention further encompasses all nucleotide sequences that encode the
amino acid sequences described herein.

[0045] In further embodiments, the present invention provides a composition (e.g., a
pharmaceutical composition) comprising, consisting essentially of and/or consisting of the CAR
of this invention, the nucleic acid molecule of this invention, the vector of this invention and/or
the cell of this invention, in a pharmaceutically acceptable carrier.

[0046] The present invention also provides methods employing the CAR of this invention.
Thus, in one embodiment, the present invention provides a CAR of this invention, the nucleic
acid molecule of this invention, the vector of this invention, and/or the cell of this invention, for
use in stimulating a T cell-mediated immune response to a B7-H3 expressing target cell
population and/or tissue in a subject.

[0047] In a further embodiment, the present invention provides a CAR of this invention, the
nucleic acid molecule of this invention, the vector of this invention, and/or the cell of this
invention for use in treating a subject having a disease or disorder associated with elevated
expression of B7-H3 (CD276) by a cell of the subj ect.

[0048] In addition, the present invention provides a cell genetically engineered to express the
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CAR of this invention for use in generating a population of genetically engineered T cells in a
subject (e.g., a subject diagnosed with cancer and/or otherwise in need thereof), wherein the
population of genetically engineered T cells persists in the subject for a period of time (e.g., at
least one week, one month two months, three months, four months, five months, nine months,
one year, two years, five years, etc.) following administration , wherein the population of
genetically engineered cells persists in the subject for a period of time following administration,
wherein the genetically engineered cell is selected from the group consisting of an apT cell, a
natural killer (NK) cell, a cytotoxic T lymphocyte (CTL), a regulatory T cell, a natural killer T
(NKT) cell, a Th17 cell, a yOT cell and any combination thereof.

[0049] Additionally provided herein is a cell genetically engineered to express the CAR of this
invention for use in expanding a population of genetically engineered cells in a subject (e.g., a
subject diagnosed with cancer and/or a subject in need thereof), wherein the administered
genetically engineered cell produces a population of progeny cells in the subject, wherein the
administered genetically engineered cells produces a population of progeny cells in the
subject, wherein the genetically engineered cell is selected from the group consisting of an afT
cell, a natural killer (NK) cell, a cytotoxic T lymphocyte (CTL), a regulatory T cell, a natural killer
T (NKT) cell, a Th17 cell, a ydT cell and any combination thereof.

[0050] In additional embodiments of this invention, the CAR of this invention, the nucleic acid
molecule of this invention, the vector of this invention, and/or the cell of this invention is
provided for use in treating cancer associated with increased expression or overexpression of
B7-H3 antigen in a subject (e.g., a subject in need thereof). In some embodiments, the subject
has had and/or is having therapy for cancer.

[0051] In some embodiments of this invention, the cell of this invention (e.g., a afT cell, a
natural killer (NK) cell, a cytotoxic T lymphocyte (CTL), a regulatory T cell, a natural killer T
(NKT) cell, a Thl 7 cell, a yoT cell) can be an autologous cell from the subject to whom
treatment is administered. In some embodiments, the cell of this invention can be from a
different individual of the same species as the subject receiving treatment or from an individual
of a different species from the subject receiving treatment.

[0052] In the invention, the cancer cell and/or CIC can be in vitro, ex viva, and/or in vivo. In
some embodiments, the cell can be in a subject. In some embodiments, the cell can be an
autologous cell. In some embodiments, the cell is not an autologous cell. In some
embodiments, the cell is of the same species of the subject. In some embodiments, the cell is
of a species that is different than the species of the subject.

[0053] In further embodiments, the present invention provides a method of detecting cancer
cells and/or cancer initiating cells (CICs) in a cell sample, comprising: a) contacting the cell
sample with the CAR of this invention under conditions whereby a binding complex can form;
and b) detecting formation of the binding complex, wherein detection of the binding complex is
indicative of cancer cells and/or CICs in the cell sample.
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[0054] In another embodiment, the present invention provides a method of detecting cancer
cells and/or cancer initiating cells (CICs) in a subject, comprising: a) contacting a cell sample
obtained from the subject with the CAR of this invention under conditions whereby a binding
complex can form; and b) detecting formation of the binding complex, wherein detection of the
binding complex is indicative of the presence of cancer cells and/or CICs in the subject.

[0055] In methods of this invention, the cell can be an aBT cell, a natural killer (NK) cell, a
cytotoxic T lymphocyte (CTL), a regulatory T cell, a natural killer T (NKT) cell, a Thl 7 cell, a
yOT cell and any combination thereof. In some embodiments, the cell can be an autologous
cell. In some embodiments, the cell can be of the same species of the subject and in some
embodiments, the cell can be of a species that is different than the species of the subject.

[0056] In some embodiments, the cancer of this invention can be a cancer associated with
increased expression or overexpression of B7-H3 antigen and in some embodiments, cancer
cells and CICs of this invention can overexpress the B7-H3 antigen relative to a noncancerous
cell or a cancer cell of a cancer that is not associated with increased expression or
overexpression of B7-H3 antigen.

[0057] In some embodiments, the cancer cells and/or CICs of this invention can be contacted
with LDE225, an inhibitor of the sonic hedgehog homolog (SHH) pathway, before, during
and/or after contacting with the CAR of this invention.

[0058] The term "cancer” as used herein is defined as disease characterized by the rapid and
uncontrolled growth of aberrant cells. Cancer cells can spread locally or through the
bloodstream and lymphatic system to other parts of the body,

Nonlimiting examples of a cancer that can be treated according to the methods of this
invention include B cell lymphoma, T cell lymphoma, myeloma, leukemia, hematopoietic
neoplasias, thymoma, Iymphoma, sarcoma, lung cancer, liver cancer, non-Hodgkins
lymphoma, Hodgkins lymphoma, skin cancer, uterine cancer, cervical cancer, endometrial
cancer, adenocarcinoma, breast cancer, pancreatic cancer, colorectal cancer, anal cancer,
lung cancer, renal cancer, bladder cancer, liver cancer, prostate cancer, ovarian cancer,
primary or metastatic melanoma, squamous cell carcinoma, basal cell carcinoma, brain
cancer, angiosarcoma, hemangiosarcoma, head and neck carcinoma, thyroid carcinoma, soft
tissue sarcoma, bone sarcoma, testicular cancer, gastrointestinal cancer, and any other cancer
now known or later identified (see, e.g., Rosenberg (1996) Ann. Rev. Med. 47:481-491).

[0059] The term "autoimmune disease" as used herein is defined as a disorder that results
from an autoimmune response. An autoimmune disease is the result of an inappropriate and
excessive response to a self-antigen. Examples of autoimmune diseases include but are not
limited to, Addision's disease, alopecia greata, ankylosing spondylitis, autoimmune hepatitis,
autoimmune parotitis, Crohn's disease, diabetes (Type 1), dystrophic epidermolysis bullosa,
epididymitis, glomerulonephritis, Graves' disease, Guillain-Barr syndrome, Hashimoto's
disease, hemolytic anemia, systemic lupus erythematosus, multiple sclerosis, myasthenia
gravis, pemphigus vulgaris, psoriasis, rheumatic fever, rheumatoid arthritis, sarcoidosis,
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scleroderma, Sjogren's syndrome, spondyloarthropathies, thyroiditis, vasculitis, vitiligo,
myxedema, pernicious anemia, ulcerative colitis, among others.

[0060] In certain embodiments of the invention, methods of the present invention for clinical
aspects are combined with other agents effective in the treatment of hyperproliferative disease,
such as anti-cancer agents. An "anti-cancer" agent is capable of negatively affecting cancer in
a subject, for example, by killing cancer cells, inducing apoptosis in cancer cells, reducing the
growth rate of cancer cells, reducing the incidence or number of metastases, reducing tumor
size, inhibiting tumor growth, reducing the blood supply to a tumor or cancer cells, promoting
an immune response against cancer cells or a tumor, preventing or inhibiting the progression
of cancer, and/or increasing the lifespan of a subject with cancer. More generally, these other
compositions would be provided in a combined amount effective to kill or inhibit proliferation of
the cancer cell. This process may involve contacting the cancer cells with the nucleic acid
molecule, vector and/or cell of this invention and the agent(s) or multiple factor(s) at the same
time. This may be achieved by contacting the cell with a single composition or pharmacological
formulation that includes both agents, or by contacting the cell with two distinct compositions or
formulations, at the same time, wherein one composition includes the nucleic acid molecule,
vector and/or cell of the invention and the other composition includes the second agent(s).

[0061] Tumor cell resistance to chemotherapy and radiotherapy agents represents a major
problem in clinical oncology. One goal of current cancer research is to find ways to improve the
efficacy of chemo- and radiotherapy by combining it with gene therapy. For example, the
herpes simplex-thymidine kinase (HS-tK) gene, when delivered to brain tumors by a retroviral
vector system, successfully induced susceptibility to the antiviral agent ganciclovir. In the
context of the present invention, it is contemplated that cell therapy could be used similarly in
conjunction with chemotherapeutic, radiotherapeutic, or immunotherapeutic intervention, in
addition to other pro-apoptotic or cell cycle regulating agents.

[0062] Alternatively, the present inventive therapy may precede and/or follow the other agent
treatment(s) by intervals ranging from minutes to weeks. In embodiments where the other
agent and present invention are applied separately to the individual, one would generally
ensure that a significant period of time did not expire between the time of each delivery, such
that the agent and inventive therapy would still be able to exert an advantageously combined
effect on the cell. In such instances, it is contemplated that one may contact the cell with the
multiple modalities within about 12-24 h of each other and, more preferably, within about 6-12
h of each other. In some situations, it may be desirable to extend the time period for treatment
significantly, however, where several days (2, 3, 4, 5, 6 or 7) to several weeks (1, 2, 3, 4, 5, 6,
7 or 8) lapse between the respective administrations.

[0063] It is expected that the treatment cycles would be repeated as necessary. It also is
contemplated that various standard therapies, as well as surgical intervention, may be applied

in combination with the inventive cell therapy.

[0064] Cancer therapies also include a variety of combination therapies with both chemical and
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radiation based treatments. Combination chemotherapies include, for example, abraxane,
altretamine, docetaxel, herceptin, methotrexate, novantrone, zoladex, cisplatin (CDDP),
carboplatin, procarbazine, mechlorethamine, cyclophosphamide, camptothecin, ifosfamide,
melphalan, chlorambucil, busulfan, nitrosurea, dactinomycin, daunorubicin, doxorubicin,
bleomycin, plicomycin, mitomycin, etoposide (VP16), tamoxifen, raloxifene, estrogen receptor
binding agents, taxol, gemcitabien, navelbine, farnesyl-protein tansferase inhibitors,
transplatinum, 5-fluorouracil, vincristin, vinblastin and methotrexate, or any analog or derivative
variant of the foregoing.

[0065] In specific embodiments, chemotherapy for B7-H3 positive cancer is employed in
conjunction with the invention, for example before, during and/or after administration of the
invention.

[0066] Other factors that cause DNA damage and have been used extensively include what
are commonly known as gamma-rays, X-rays, and/or the directed delivery of radioisotopes to
tumor cells. Other forms of DNA damaging factors are also contemplated such as microwaves
and UV-irradiation. It is most likely that all of these factors affect a broad range of damage on
DNA, on the precursors of DNA, on the replication and repair of DNA, and on the assembly and
maintenance of chromosomes. Dosage ranges for X-rays range from daily doses of 50 to 200
roentgens for prolonged periods of time (3 to 4 wk), to single doses of 2000 to 6000 roentgens.
Dosage ranges for radioisotopes vary widely, and depend on the half-life of the isotope, the
strength and type of radiation emitted, and the uptake by the neoplastic cells.

[0067] The terms "contacted with,"” "provided to" and "exposed to," when applied to a cell, are
used herein to describe the process by which a therapeutic agent (e.g., a CAR) is delivered to
a target cell and/or are placed in direct juxtaposition with the target cell, e.g., under conditions
that facilitate binding of the CAR to the target antigen in and/or on the target cell. In some
embodiments, chemotherapy and/or radiation therapy can also be included before, after
and/or during the contacting or exposing or providing to step to achieve cell killing or stasis,
wherein both agents are delivered to a cell in a combined amount effective to kill the cell or
prevent it from dividing.

[0068] Immunotherapeutics generally rely on the use of immune effector cells and molecules
to target and destroy cancer cells. The immune effector may be, for example, an antibody
specific for some marker on the surface of a tumor cell. The antibody alone may serve as an
effector of therapy or it may recruit other cells to actually affect cell killing. The antibody also
may be conjugated to a drug or toxin (chemotherapeutic, radionuclide, ricin A chain, cholera
toxin, pertussis toxin, etc.) and serve merely as a targeting agent. Alternatively, the effector
may be a lymphocyte carrying a surface molecule that interacts, either directly or indirectly,
with a tumor cell target. Various effector cells include cytotoxic T cells and NK cells.

[0069] Immunotherapy could thus be used as part of a combined therapy, in conjunction with
the present cell therapy. The general approach for combined therapy is discussed herein.
Generally, the tumor cell must bear some marker that is amenable to targeting, i.e., is not
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present on the majority of other cells. Many tumor markers exist and any of these may be
suitable for targeting in the context of the present invention. Common tumor markers include
carcinoembryonic antigen, prostate specific antigen, urinary tumor associated antigen, fetal
antigen, tyrosinase (p97), gp68, TAG-72, HMFG, Sialyl Lewis Antigen, MucA, MucB, PLAP,
estrogen receptor, laminin receptor, erb B and p155.

[0070] Immunotherapy for a cancer of this invention may include interleukin-2 (IL-2) or
interferon (IFN), for example.

[0071] In yet another embodiment, the secondary treatment can be a gene therapy in which a
therapeutic polynucleotide is administered before, after, and/or at the same time as the
present invention clinical embodiments. A variety of expression products are encompassed
within the invention, including inducers of cellular proliferation, inhibitors of cellular proliferation,
or regulators of programmed cell death.

[0072] Approximately 60% of persons with cancer will undergo surgery of some type, which
includes preventative, diagnostic or staging, curative and palliative surgery. Curative surgery is
a cancer treatment that may be used in conjunction with other therapies, such as the treatment
of the present invention, chemotherapy, radiotherapy, hormonal therapy, gene therapy,
immunotherapy and/or alternative therapies.

[0073] Curative surgery includes resection in which all or part of cancerous tissue is physically
removed, excised, and/or destroyed. Tumor resection refers to physical removal of at least
part of a tumor. In addition to tumor resection, treatment by surgery includes laser surgery,
cryosurgery, electrosurgery, and microscopically controlled surgery (Mohs' surgery). It is
further contemplated that the present invention may be used in conjunction with removal of
superficial cancers, precancers, or incidental amounts of normal tissue.

[0074] Upon excision of part of all of cancerous cells, tissue, or tumor, a cavity may be formed
in the body. Treatment may be accomplished by perfusion, direct injection or local application
of the area with an additional anti-cancer therapy. Such treatment may be repeated, for
example, every 1, 2, 3, 4, 5,6, or 7 days, orevery 1, 2, 3, 4, and 5 weeks orevery 1, 2, 3, 4, 5,
6,7,8,9, 10, 11, or 12 months. These treatments may be of varying dosages as well.

[0075] It is contemplated that other agents may be used in combination with the present
invention to improve the therapeutic efficacy of treatment. These additional agents include
immunomodulatory agents, agents that affect the upregulation of cell surface receptors and
GAP junctions, cytostatic and differentiation agents, inhibitors of cell adhesion, or agents that
increase the sensitivity of the hyperproliferative cells to apoptotic inducers. Immunomodulatory
agents include tumor necrosis factor; interferon alpha, beta, and gamma; IL-2 and other
cytokines; F42K and other cytokine analogs; or MIP-1, MIP-1beta, MCP-1, RANTES, and other
chemokines. It is further contemplated that the upregulation of cell surface receptors or their
ligands such as Fas/Fas ligand, DR4 or DR5/TRAIL would potentiate the apoptotic inducing
abilities of the present invention by establishment of an autocrine or paracrine effect on
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hyperproliferative cells. Increasing intercellular signaling by elevating the number of GAP
junctions would increase the anti-hyperproliferative effects on the neighboring
hyperproliferative cell population. In other embodiments, cytostatic or differentiation agents can
be used in combination with the present invention to improve the anti-hyerproliferative efficacy
of the treatments. Inhibitors of cell adhesion are contemplated to improve the efficacy of the
present invention. Examples of cell adhesion inhibitors are focal adhesion kinase (FAKSs)
inhibitors and lovastatin. It is further contemplated that other agents that increase the
sensitivity of a hyperproliferative cell to apoptosis, such as the antibody ¢225, could be used in
combination with the present invention to improve the treatment efficacy.

Definitions

[0076] As used herein, "a," "an" and "the" can mean one or more than one, depending on the
context in which it is used. For example, "a" cell can mean one cell or multiple cells.

[0077] Also as used herein, "and/or" refers to and encompasses any and all possible
combinations of one or more of the associated listed items, as well as the lack of combinations
when interpreted in the alternative ("or").

[0078] Furthermore, the term "about,” as used herein when referring to a measurable value
such as an amount of a compound or agent of this invention, dose, time, temperature, and the
like, is meant to encompass variations of £ 20%, + 10%, + 5%, £ 1%, £ 0.5%, or even £ 0.1% of
the specified amount.

[0079] As used herein, the transitional phrase "consisting essentially of* means that the scope
of a claim is to be interpreted to encompass the specified materials or steps recited in the
claim, "and those that do not materially affect the basic and novel characteristic(s)" of the
claimed invention. See, In re Herz, 537 F.2d 549, 551-52, 190 USPQ 461, 463 (CCPA 1976)
(emphasis in the original); see also MPEP § 2111.03. Thus, the term "consisting essentially of"
when used in a claim of this invention is not intended to be interpreted to be equivalent to
"comprising."

[0080] Also as used herein, "one or more" means one, two, three, four, five, six, seven, eight,
nine, ten, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, etc.

[0081] Subjects that may be treated by the present invention include both human subjects for
medical and/or therapeutic purposes and animal subjects for veterinary and drug screening
and development purposes. Other suitable animal subjects are, in general, mammalian
subjects such as primates, bovines, ovines, caprines, porcines, equines, felines, canines,
lagomorphs, rodents (e.g., rats and mice), efc. Human subjects are the most preferred. Human
subjects include fetal, neonatal, infant, juvenile, adult and geriatric subjects.

[0082] The term "anti-tumor effect” as used herein, refers to a biological effect which can be
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manifested by a decrease in tumor volume, a decrease in the number of tumor cells, a
decrease in the proliferation rate, a decrease in the number of metastases, an increase in life
expectancy, and/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 to prevent and/or delay the
occurrence of tumor in the first place.

[0083] The term "auto-antigen” means, in accordance with the present invention, any self-
antigen which is mistakenly recognized by the immune system as being foreign. Auto-antigens
comprise, but are not limited to, cellular proteins, phosphoproteins, cellular surface proteins,
cellular lipids, nucleic acids, and glycoproteins, including cell surface receptors.

[0084] As used herein, the term "autologous” is meant to refer to any material derived from the
same individual to whom it is later to be re-introduced.

[0085] "Allogeneic” refers to a graft derived from a different animal of the same species,
"Xenogeneic" refers to a graft derived from an animal of a different species.

[0086] "Treat" or "treating” as used herein refers to any type of treatment that imparts a benefit
to a subject that has a disease or disorder or is at risk of having or developing the disease or
disorder, including, for example, improvement in the condition of the subject (e.g., in one or
more symptoms) and/or slowing of the progression of symptoms, etc.

[0087] As used herein, "prevent,” "preventing” or "prevention” includes prophylactic treatment
of the subject to prevent the onset or advancement of a disorder, as determined, e.g., by the
absence or delay in the manifestation of symptoms associated with the disorder. As used
herein, "prevent," "preventing” or "prevention” is not necessarily meant to imply complete
abolition of symptoms.

[0088] "Treatment effective amount,” "effective amount,” "amount effective to treat" or the like
as used herein means an amount of the antibody or fragment thereof or CAR or cell of this
invention sufficient to produce a desirable effect upon a patient that has a disease, disorder
and/or condition of this invention. This includes improvement in the condition of the patient
(e.g., in one or more symptoms), delay in the progression of the disease, etc.

[0089] "Pharmaceutically acceptable” as used herein means that the compound or
composition is suitable for administration to a subject to achieve the treatments described
herein, without unduly deleterious side effects in light of the severity of the disease and
necessity of the treatment.

[0090] "Antibody" or "antibodies” as used herein refers to all types of immunoglobulins,
including 1gG, IgM, IgA, IgD, and IgE. The term "immunoglobulin” includes the subtypes of
these immunoglobulins, such as 1gG4, 1gGy, 1gG3, 1gG4, etc. The antibodies may be of any

species of origin, including (for example) mouse, rat, rabbit, horse, or human, or may be
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chimeric or humanized antibodies. The term "antibody” as used herein includes antibody
fragments which retain the capability of binding to a target antigen, for example, Fab, F(ab'),

and Fv fragments, and the corresponding fragments obtained from antibodies other than IgG.
Such fragments are also produced by known techniques. In some embodiments antibodies
may be coupled to or conjugated to a detectable group or therapeutic group in accordance
with known techniques.

[0091] Furthermore, the term "antibody" as used herein, is intended to refer to immunoglobulin
molecules comprising four polypeptide chains, two heavy (H) chains and two light (L) chains
inter-connected by disulfide bonds. Each heavy chain comprises a heavy chain variable region
(abbreviated herein as HCVR or VH) and a heavy chain constant region. The heavy chain
constant region comprises three domains, CH1, CH2 and CH3. Each light chain comprises a
light chain variable region (abbreviated herein as LCVR or VL) and a light chain constant
region. The light chain constant region comprises one domain (CL1). The VH and VL regions
can be further subdivided into regions of hypervariability, termed complementary determining
regions (CDR), interspersed with regions that are more conserved, termed framework regions
(FR). In various embodiments of the antibody or antigen binding fragment thereof of the
invention, the FRs may be identical to the human germline sequences, or may be naturally or
artificially modified. Each VH and VL is composed of three CDRs and four FRs, arranged from
amino-terminus to carboxy-terminus in the following order: FR1, CDR1, FR2, CDR2, FRS,
CDRS3, FRA4.

[0092] In general, the antibodies and antigen binding fragments thereof of the present

invention possess very high affinities, typically possessing Kp values of from about 108

through about 10-12 M or higher, for example, at least 108 M, at least 10-° M, at least 10-10 M,

at least 101" M, or at least 10"'2 M, when measured by binding to antigen presented on cell
surface.

[0093] The antibodies and antigen binding fragments thereof of the present invention possess

very high affinities, typically possessing ECs values of from about 1078 through about 10712 M

or higher, for example, at least 108 M, at least 10"° M, at least 1019 M, at least 10" M, or at

least 1012 M, when measured by binding to antigen presented on cell surface.

[0094] The term "antigen-binding portion" or" antigen-binding fragment" of an antibody (or
simply "antibody portion” or "antibody fragment"), as used herein, refers to one or more
fragments, portions or domains of an antibody that retain the ability to specifically bind to an
antigen. It has been shown that fragments of a full-length antibody can perform the antigen-
binding function of an antibody. Examples of binding fragments encompassed within the term
"antigen-binding portion" of an antibody include (i) an Fab fragment, a monovalent fragment
consisting of the VL, VH, CL1 and CH1 domains; (ii) an F(ab")> fragment, a bivalent fragment
comprising two F(ab)' fragments linked by a disulfide bridge at the hinge region; (iii) an Fd
fragment consisting of the VH and CH1 domains; (iv) an Fv fragment consisting of the VL and
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VVH domains of a single arm of an antibody; (v) a dAb fragment (Ward et al. (1989) Nature 241
:544-546), which consists of a VH domain; and (vi) an isolated complementary determining
region (CDR). Furthermore, although the two domains of the Fv fragment, VL and VH, are
coded for by separate genes, they can be joined, using recombinant methods, by a synthetic
linker that enables them to be made as a single contiguous chain in which the VL and VH
regions pair to form monovalent molecules (known as single chain Fv (scFv); see e.g., Bird et
al. (1988) Science 242:423-426; and Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-
5883). Such single chain antibodies are also intended to be encompassed within the term
"antigen-binding portion" of an antibody. Other forms of single chain antibodies, such as
diabodies, are also encompassed (see e.g., Holliger et al. (1993) Proc. Natl. Acad Sci. USA
90:6444-6448).

[0095] The term "epitope" refers to an antigenic determinant that interacts with a specific
antigen binding site in the variable region of an antibody molecule known as a paratope. A
single antigen may have more than one epitope. Epitopes may be either conformational or
linear. A conformational epitope is produced by spatially juxtaposed amino acids from different
segments of one (or more) linear polypeptide chain(s). A linear epitope is an epitope produced
by adjacent amino acid residues in a polypeptide chain. In certain embodiments, an epitope
may include other moieties, such as saccharides, phosphoryl groups, or sulfonyl groups on the
antigen.

[0096] The term "antibody fragment" refers to a portion of an intact antibody and refers to the
antigenic determining variable regions of an intact antibody. Examples of antibody fragments
include, but are not limited to, Fab, Fab', F(ab')2, and Fv fragments, linear antibodies, scFv
antibodies, and multispecific antibodies formed from antibody fragments.

[0097] An "antibody heavy chain,” as used herein, refers to the larger of the two types of
polypeptide chains present in all antibody molecules in their naturally occurring conformations,
An "antibody light chain," as used herein, refers to the smaller of the two types of polypeptide
chains present in all antibody molecules in their naturally occurring conformations, k and A light
chains refer to the two major antibody light chain isotypes.

[0098] By the term "synthetic antibody" as used herein, is meant an antibody which is
generated using recombinant DNA technology, such as, for example, an antibody expressed
by a bacteriophage as described herein. The term should also be construed to mean an
antibody which has been generated by the synthesis of a DNA molecule 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 synthetic DNA
or amino acid sequence technology which is available and well known in the art.

[0099] 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
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antigen. Furthermore, antigens can be derived from recombinant or genomic DNA. A skilled
artisan will understand that any DNA, which comprises a nucleotide sequences or a partial
nucleotide sequence 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 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. Such a
biological sample can include, but is not limited to a tissue sample, a tumor sample, a cell or a
biological fluid.

[0100] Amino acid as used herein refers to a compound having a free carboxyl group and a
free unsubstituted amino group on the a carbon, which may be joined by peptide bonds to form
a peptide active agent as described herein. Amino acids may be standard or non-standard,
natural or synthetic, with examples (and their abbreviations) including but not limited to:

Asp=D=Aspartic Acid
Ala=A=Alanine
Arg=R=Arginine
Asn=N=Asparagine
Cys=C=Cysteine
Gly=G=Glycine
Glu=E=Glutamic Acid
GIn=Q=Glutamine
His=H=Histidine
lle=I=lsoleucine
Leu=L=Leucine
Lys=K=Lysine
Met=M=Methionine
Phe=F=Phenylalanine
Pro=P=Proline

Ser=S=Serine



Thr=T=Threonine
Trp=W=Tryptophan
Tyr=Y=Tyrosine

Val=V=Valine

Orn=0Ornithine
Nal=2-napthylalanine
Nva=Norvaline

Nle=Norleucine
Thi=2-thienylalanine
Pcp=4-chlorophenylalanine
Bth=3-benzothienyalanine
Bip=4,4'-biphenylalanine
Tic=tetrahydroisoquinoline-3-carboxylic acid
Aib=aminoisobutyric acid
Anb=a-aminonormalbutyric acid
Dip=2,2-diphenylalanine

Thz=4-Thiazolylalanine
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[0101] All peptide sequences mentioned herein are written according to the usual convention
whereby the N-terminal amino acid is on the left and the C-terminal amino acid is on the right.
A short line (or no line) between two amino acid residues indicates a peptide bond.

[0102] Basic amino acid" refers to any amino acid that is positively charged at a pH of 6.0,

including but not limited to R, K, and H.

[0103] Aromatic amino acid” refers to any amino acid that has an aromatic group in the side-
chain coupled to the alpha carbon, including but not limited to F, Y, W, and H.

[0104] Hydrophobic amino acid" refers to any amino acid that has a hydrophobic side chain
coupled to the alpha carbon, including but not limited to I, L, V, M, F, W and C, most preferably

I, L, and V.
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[0105] Neutral amino acid" refers to a non-charged amino acid, such as M, F, W, C and A

[0106] As applied to polypeptides, the term "substantial similarity” or "substantially similar”
means that two peptide sequences, when optimally aligned, such as by the programs GAP or
BESTFIT using default gap weights, share at least 95% sequence identity, even more
preferably at least 98% or 99% sequence identity. Preferably, residue positions, which are not
identical, differ by conservative amino acid substitutions. A "conservative amino acid
substitution” is one in which an amino acid residue is substituted by another amino acid residue
having a side chain (R group) with similar chemical properties (e.g., charge or hydrophobicity).
In general, a conservative amino acid substitution will not substantially change the functional
properties of a protein. In cases where two or more amino acid sequences differ from each
other by conservative substitutions, the percent or degree of similarity may be adjusted
upwards to correct for the conservative nature of the substitution. Means for making this
adjustment are well-known to those of skill in the art. See, e.g., Pearson (1994) Methods Mol.
Biol. 24: 307-331. Examples of groups of amino acids that have side chains with similar
chemical properties include 1) aliphatic side chains: glycine, alanine, valine, leucine and
isoleucine; 2) aliphatic-hydroxyl side chains: serine and threonine; 3) amide-containing side
chains: asparagine and glutamine; 4) aromatic side chains: phenylalanine, tyrosine, and
tryptophan; 5) basic side chains: lysine, arginine, and histidine; 6) acidic side chains: aspartate
and glutamate, and 7) sulfur-containing side chains: cysteine and methionine. Preferred
conservative amino acids substitution groups are: valine-leucine-1soleucine, phenylalanine-
tyrosine, lysine-arginine, alanine-valine, glutamate-aspartate, and asparagine-glutamine.
Alternatively, a conservative replacement is any change having a positive value in the PAM250
log-likelihood matrix disclosed in Gonnet et al. (1992) Science 256: 144345. A "moderately
conservative” replacement is any change having a nonnegative value in the PAM250 log-
likelihood matrix.

[0107] Sequence similarity for polypeptides is typically measured using sequence analysis
software. Protein analysis software matches similar sequences using measures of similarity
assigned to various substitutions, deletions and other modifications, including conservative
amino acid substitutions. For instance, GCG software contains programs such as GAP and
BESTFIT which can be used with default parameters to determine sequence homology or
sequence identity between closely related polypeptides, such as homologous polypeptides
from different species of organisms or between a wild type protein and a mutein thereof. See,
e.g., GCG Version 6.1. Polypeptide sequences also can be compared using FASTA with default
or recommended parameters; a program in GCG Version 6.1. FASTA (e.g., FASTA2 and
FASTAS3) provides alignments and percent sequence identity of the regions of the best overlap
between the query and search sequences (Pearson (2000) supra). Another preferred
algorithm when comparing a sequence of the invention to a database containing a large
number of sequences from different organisms is the computer program BLAST, especially
BLASTP or TBLASTN, using default parameters. See, e.g., Altschul et al. (1990) J. Mol. Biol.
215: 403 410 and Altschul et al. (1997) Nucleic Acids Res. 25:3389402.

[0108] "Therapeutic group" means any suitable therapeutic group, including but not limited to
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radionuclides, chemotherapeutic agents and cytotoxic agents.

[0109] "Radionuclide" as described herein may be any radionuclide suitable for delivering a
therapeutic dosage of radiation to a tumor or cancer cell, including but not limited to 227Ac,

211At 131Ba 77Br 109Cd 51Cr 67Cu 165Dy 155Eu 153Gd 198Au 166H0 113m|n 115m|n 123| 125|
131| 189|r 191|r 192|r 194|r 52|:e 55Fe 59Fe 177|_u 109|:>d 32|:> 226Ra 186Re 188Re 1538m

46SC, 47SC, 7286, .7586, 105Ag, 898[’, 358, 177Ta, 117mSn’ 1218”, 166Yb, 169Yb, QOY, 212Bi, 1198b,

197Hg, 97RU, 100Pd, 101mRh, and 212Pb.

[0110] "Cytotoxic agent" as used herein includes but is not limited to ricin (or more particularly
the ricin A chain), aclacinomycin, diphtheria toxin. Monensin, Verrucarin A, Abrin, Vinca
alkaloids, Tricothecenes, and Pseudomonas exotoxin A.

[0111] "Detectable group” as used herein includes any suitable detectable group, such as

radiolabels (e.g. 35S, 129, 131], efc)), enzyme labels (e.g., horseradish peroxidase, alkaline
phosphatase, efc.), fluorescence labels (e.g., fluorescein, green fluorescent protein, etc.), efc.,
as are well known in the art and used in accordance with known techniques.

Formulations and administration

[0112] For administration in the methods of use described below, the active agent (e.g., the
antibody or antigen-binding fragment thereof, cell, nucleic acid molecule and/or vector of this
invention) will generally be mixed, prior to administration, with a non-toxic, pharmaceutically
acceptable carrier substance (e.g., normal saline or phosphate-buffered saline), and will be
administered using any medically appropriate procedure, e.g., parenteral administration (e.g.,
injection) such as by intravenous or intra-arterial injection.

[0113] The active agents described above may be formulated for administration in a
pharmaceutical carrier in accordance with known techniques. See, e.g., Remington, The
Science And Practice of Pharmacy (latest edition). In the manufacture of a pharmaceutical
formulation according to the invention, the active compound (including the physiologically
acceptable salts thereof) is typically admixed with, inter alia, an acceptable carrier. The carrier
must, of course, be acceptable in the sense of being compatible with any other ingredients in
the formulation and must not be deleterious to the subject. The carrier may be a liquid and is
preferably formulated with the compound as a unit-dose formulation which may contain from
0.01 or 0.5% to 95% or 99% by weight of the active compound. The carrier may be sterile or
otherwise free from contaminants that would be undesirable to administer or deliver to a
subject.

[0114] Formulations of the present invention suitable for parenteral administration comprise
sterile aqueous and non-aqueous injection solutions of the active compound, which
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preparations are preferably isotonic with the blood of the intended subject. These preparations
may contain anti-oxidants, buffers, bacteriostats and solutes which render the formulation
isotonic with the blood of the intended subject.

[0115] The active agents may be administered by any medically appropriate procedure, e.g.,
normal intravenous or intra-arterial administration. In certain cases, direct administration to a
tumor and/or a body cavity, orifice and/or tissue containing a tumor may be desired.

[0116] Active agents may be provided in lyophylized form in a sterile aseptic container or may
be provided in a pharmaceutical formulation in combination with a pharmaceutically acceptable
carrier, such as sterile pyrogen-free water or sterile pyrogen-free physiological saline solution.

[0117] CAR-modified T cells of this invention may also serve as a type of vaccine for ex vivo
immunization and/or in vivo therapy in a subject of this invention.

[0118] In some embodiments involving ex vivo immunization, at least one of the following
occurs in vitro prior to administering the cell into a subject: i) expansion of the cells, ii)
introducing a nucleic acid encoding a CAR of this invention to the cells, and/or iii)
cryopreservation of the cells.

[0119] Ex vivo procedures are well known in the art and are discussed more fully below. Briefly,
cells are isolated from a mammal (preferably a human) and genetically modified (i.e.,
transduced or transfected in vitro) with a vector expressing a CAR of this invention. The
resulting CAR-modified cell can be administered to a subject of this invention to provide a
therapeutic benefit. In some embodiments, the subject can be a human and the CAR-modified
cell can be autologous with respect to the subject who is the recipient of the CAR-modified
cells. Alternatively, the cells can be allogeneic, syngeneic or xenogeneic with respect to the
subject who is the recipient of the CAR-modified cells.

[0120] In addition to using a cell-based vaccine for ex vivo immunization, the present invention
also provides compositions and methods for in vivo immunization to elicit and/or enhance an
immune response directed against an antigen in a subject of this invention.

[0121] Generally, the cells activated and expanded as described herein can be used in the
treatment and/or prevention of diseases and/or disorders that arise in subjects; e.g., subjects
who are immunocompromised or at risking of becoming immunocompromised.

[0122] 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 and/or other cytokines and/or cell populations. Briefly, pharmaceutical compositions of the
present invention may comprise a target cell population 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, sterile saline and the like; carbohydrates such as glucose, mannose, sucrose or
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dextrans, mannitol; proteins; polypeptides or amino acids such as glycine; antioxidants;
chelating agents such as EDTA and/or glutathione; adjuvants (e.g., aluminum hydroxide)
and/or preservatives, singly or in any combination.

[0123] Pharmaceutical compositions of the present invention can be administered in a manner
appropriate to the disease to be treated and/or prevented. The quantity and frequency of
administration will be determined by such factors as the condition of the subject, as well as the
type and severity of the subject's disease, although in some embodiments, appropriate
dosages may be determined by clinical trials.

[0124] When "an immunologically effective amount," "an anti-tumor effective amount,” "a
tumor-inhibiting effective amount,” or a "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). In some embodiments, a
pharmaceutical composition comprising cells of this invention can be administered at a dosage

of about 103 to about 1070 cells/kg body weight, and in some embodiments, the dosage can be
from about 10° to about 10° cells’/kg body weight, including all integer values (e.g., 104, 109,
108, 107,108, 109) within those ranges.

[0125] The cell compositions of this invention can also be administered multiple times (e.g.,
hourly, four times daily, three times daily, two times daily, daily, twice weekly, three times
weekly, weekly, monthly, bi-monthly, semi-annually, annually, etc.) at these dosages.

[0126] The cells of this invention can be administered by using infusion techniques that are
commonly known in immunotherapy (see, e.g., Rosenberg et al. New Eng. J. of Med. 319:1676
(1988)). The optimal dosage and treatment regimen for a particular subject can readily be
determined by one skilled in the art of medicine by monitoring the subject for signs of disease
and adjusting the treatment accordingly.

[0127] In some embodiments, it may be desirable to administer activated T cells to a subject
and then subsequently redraw blood (or have an apheresis performed), activate T cells
therefrom as described herein, and reinfuse the subject with these activated and expanded T
cells. This process can be carried out multiple times, e.g., weekly or every few weeks. In
certain embodiments, T cells can be activated from blood draws of from about 10cc to about
400cc. In certain embodiments, T cells are activated from blood draws of 20cc, 30cc, 40cc,
50cc, 60cc, 70cc, 80cc, 90cc, or 100cc. Not to be bound by theory, using this multiple blood
draw/multiple reinfusion protocol may serve to select out certain populations of T cells.

[0128] Administration of the compositions of this invention can be carried out in any manner,
including by aerosol inhalation, injection, ingestion, transfusion, implantation and/or
transplantation. The compositions of this invention can be administered to a patient
subcutaneously, intradermally, mtratumorally, intranodally, intramedullary, intramuscularly, by



DK/EP 3642344 T3

intravenous (i.v.) injection, and/or intraperitoneally. In some embodiments, the T cell
compositions of the present invention can be administered to a subject by intradermal or
subcutaneous injection. In another embodiment, the T cell compositions of the present
invention can be administered by i.v. injection. In some embodiments, the compositions of T
cells can be injected directly into a tumor, lymph node and/or site of infection.

[0129] In some embodiments of the present invention, cells activated and expanded using the
methods described herein, or other methods known in the art where T cells are expanded to
therapeutic levels, can be administered to a subject in conjunction with (e.g., before,
concurrently and/or following) any number of relevant treatment modalities,

In some embodiments, the T cells of the invention may be used in combination with
chemotherapy, radiation, immunosuppressive agents, such as cyclosporin, azathioprine,
methotrexate, mycophenolate, and FK506, antibodies, or other immunoablative agents such
as CAM PATH, anti-CD3 antibodies or other antibody therapies, cytotoxin, fludaribine,
cyclosporin, FK506, rapamycin, mycophenolic acid, steroids, FR901228, cytokines, and/o
irradiation.

[0130] In some embodiments, the cell compositions of the present invention can be
administered to a patient in conjunction with (e.g., before, concurrently and/or following) bone
marrow transplantation, T cell ablative therapy using either chemotherapy agents such as
fludarabine, external-beam radiation therapy (XRT), cyclophosphamide, or antibodies such as
OKT3 or CAMPATH. In another embodiment, the cell compositions of the present invention can
be 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 can receive an infusion of the expanded
immune cells of the present invention. In an additional embodiment, expanded cells can be
administered before and/or following surgery.

[0131] In the treatment of cancers or tumors the CARs and/or nucleic acid molecules encoding
CARs of the present invention may optionally be administered in conjunction with other,
different, cytotoxic agents such as chemotherapeutic or antineoplastic compounds or radiation
therapy useful in the treatment of the disorders or conditions described herein (e.g.,
chemotherapeutics or antineoplastic compounds). The other compounds may be administered
prior to, concurrently and/or after administration of the antibodies or antigen binding fragments
thereof of this invention. As used herein, the word "concurrently” means sufficiently close in
time to produce a combined effect (that is, concurrently may be simultaneously, or it may be
two or more administrations occurring before or after each other)

[0132] As used herein, the phrase "radiation therapy" includes, but is not limited to, x-rays or
gamma rays which are delivered from either an externally applied source such as a beam or

by implantation of small radioactive sources.

[0133] Nonlimiting examples of suitable chemotherapeutic agents which may be administered
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with the antibodies or antigen binding fragments, cells, nucleic acid molecules and/or vectors
as described herein include daunomycin, cisplatin, verapamil, cytosine arabinoside,
aminopterin, democolcine, tamoxifen, Actinomycin D, Alkylating agents (including, without
limitation, nitrogen mustards, ethylenimine derivatives, alkyl sulfonates, nitrosoureas and

triazenes): Uracil mustard, Chlormethine, Cyclophosphamide (Cytoxan®), Ifosfamide,
Melphalan, Chlorambucil, Pipobroman, Triethylene-melamine, Triethylenethiophosphoramine,
Busulfan, Carmustine, Lomustine, Streptozocin, Dacarbazine, and Temozolomide;
Antimetabolites (including, without limitation, folic acid antagonists, pyrimidine analogs, purine
analogs and adenosine deaminase inhibitors): Methotrexate, 5-Fluorouracil, Floxuridine,
Cytarabine, 6-Mercaptopurine, 6-Thioguanine, Fludarabine phosphate, Pentostatine, and
Gemcitabine, Natural products and their derivatives (for example, vinca alkaloids, antitumor
antibiotics, enzymes, lymphokines and epipodophyllotoxins): Vinblastine, Vincristine, Vindesine,
Bleomycin, Dactinomycin, Daunorubicin, Doxorubicin, Epirubicin, Idarubicin, Ara-C, paclitaxel

(paclitaxel is commercially available as Taxol®), Mithramycin, Deoxyco-formycin, Mitomycin-C,
L-Asparaginase, Interferons (especially IFN-a), Etoposide, and Teniposide; Other anti-
proliferative cytotoxic agents are navelbene, CPT-11, anastrazole, letrazole, capecitabine,
reloxafine, cyclophosphamide, ifosamide, and droloxafine. Additional anti-proliferative cytotoxic
agents include, but are not limited to, melphalan, hexamethyl melamine, thiotepa, cytarabin,
idatrexate, trimetrexate, dacarbazine, L-asparaginase, camptothecin, topotecan, bicalutamide,
flutamide, leuprolide, pyridobenzoindole derivatives, interferons, and interleukins. Preferred
classes of antiproliferative cytotoxic agents are the EGFR inhibitors, Her-2 inhibitors, CDK

inhibitors, and Herceptin® (trastuzumab). (see, e.g., US Patent No. 6,537,988; US Patent No.
6,420,377). Such compounds may be given in accordance with techniques currently known for
the administration thereof.

[0134] Antibodies of the invention include antibodies that are modified, i.e., by the covalent
attachment of any type of molecule to the antibody such that covalent attachment does not
prevent the antibody from specifically binding to its binding site. For example, antibodies of the
invention may be modified, e.g., by glycosylation, acetylation, pegylation, phosphorylation,
amidation, or with other protecting/blocking groups, proteolytic cleavage, linkage to a cellular
ligand or other protein, etc. Any of numerous chemical modifications may be carried out by
known techniques, including but not limited to specific chemical cleavage, acetylation,
formylation, metabolic synthesis of tunicamycin, etc. Additionally, the antibodies may contain
one or more non-classical amino acids.

[0135] Monoclonal antibodies can be prepared using a wide variety of techniques including the
use of hybridoma, recombinant, and phage display technologies, or a combination thereof. For
example, monoclonal antibodies can be produced using hybridoma techniques including those
taught, for example, in Harlow et al., Antibodies: A Laboratory Manual, (Cold Spring Harbor
Laboratory Press, 2nd ed. 1988); and Hammerling et al., Monoclonal Antibodies and T-Cell
Hybridomas 563-681 (Elsevier, N.Y., 1981). The term "monoclonal antibody" as used herein is
not limited to antibodies produced through hybridoma technology. The term "monoclonal
antibody" refers to an antibody that is derived from a single clone, including any eukaryotic,
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prokaryotic, or phage clone, and not the method by which it is produced.

[0136] Methods for producing and screening for specific antibodies using hybridoma
technology are routine and known. Briefly, mice are immunized with an antigen or a cell
expressing such antigen. Once an immune response is detected, e.g., antibodies specific for
the antigen are detected in the mouse serum, the mouse spleen is harvested and splenocytes
isolated. The splenocytes are then fused by known techniques to any suitable myeloma cells,
for example cells from cell line SP20 available from the ATCC. Hybridomas are selected and
cloned by limited dilution. The hybridoma clones are then assayed by methods known in the art
for cells that secrete antibodies capable of binding a polypeptide or antigen of the invention.
Ascites fluid, which generally contains high levels of antibodies, can be generated by
immunizing mice with positive hybridoma clones.

[0137] Examples of techniques which can be used to produce single-chain Fvs (scFv) and
antibodies include those described in U.S. Patent Nos. 4,946,778 and 5,258,498; Huston et al.
Methods in Enzymology 203:46-88 (1991); Shu et al. PNAS 90:7995-7999 (1993); and Skerra
et al. Science 240:1038-1040 (1988).

[0138] The term "humanized" as used herein refers to antibodies from non-human species
whose amino acid sequences have been modified to increase their similarity to antibody
variants produced naturally in humans. Thus, humanized antibodies are antibody molecules
from a non-human species antibody that binds the desired antigen, having one or more
complementarity determining regions (CDRs) from the non-human species and framework
regions from a human immunoglobulin molecule. Often, framework residues in the human
framework regions will be substituted with the corresponding residue from the donor antibody
to alter, preferably to improve, antigen binding and/or reduce immunogenicity of the
humanized antibody in a subject. 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/or immunogenicity and
sequence comparison to identify unusual framework residues at particular positions. (See, e.g.,
Queen et al. US Patent No. 5,585,089; Riechmann et al. Nature 332:323 (1988). Antibodies
can be humanized using a variety of techniques known in the art including, for example, CDR-
grafting (see, e.g., US Patent Nos. 5,225,539; 5,530,101; and 5,585,089), veneering or
resurfacing (see, e.g., EP Patent No. 592,106; EP Patent No. 519,596; Padlan, Molecular
Immunology 28(4/5):489-498 (1991); Studnicka et al.,, Protein Engineering 7(6):805-814
(1994); Roguska. et al., PNAS 91:969-973 (1994)), and chain shuffling (US Patent No.
5,565,332). A detailed description of the production and characterization of the humanized
monoclonal antibodies of the present invention is provided in the Examples section herein.

[0139] Completely human antibodies are desirable for therapeutic treatment, diagnosis, and/or
detection of human subjects. Human antibodies can be made by a variety of methods known in
the art including phage display methods described above using antibody libraries derived from
human immunoglobulin sequences. See, e.g., US Patent Nos. 4,444,887 and 4,716,111.
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[0140] Human antibodies can also be produced using transgenic mice which are incapable of
expressing functional endogenous immunoglobulins, but which can express human
immunoglobulin genes. For example, the human heavy and light chain immunoglobulin gene
complexes may be introduced randomly or by homologous recombination into mouse
embryonic stem cells. Alternatively, the human variable region, constant region, and diversity
region may be introduced into mouse embryonic stem cells in addition to the human heavy and
light chain genes. The mouse heavy and light chain immunoglobulin genes may be rendered
non-functional separately or simultaneously with the introduction of human immunoglobulin loci
by homologous recombination. In particular, homozygous deletion of the JH region prevents
endogenous antibody production. The modified embryonic stem cells are expanded and
microinjected into blastocysts to produce chimeric mice. The chimeric mice are then bred to
produce homozygous offspring that express human antibodies. The transgenic mice are
immunized in the normal fashion with a selected antigen, e.g., all or a portion of a polypeptide
of the invention. Monoclonal antibodies directed against the antigen can be obtained from the
immunized, transgenic mice using conventional hybridoma technology. The human
immunoglobulin transgenes harbored by the transgenic mice rearrange during B cell
differentiation, and subsequently undergo class switching and somatic mutation. Thus, using
such a technique, it is possible to produce therapeutically useful 1gG, IgA, IgM and IgE
antibodies. For an overview of this technology for producing human antibodies, see Lonberg
and Huszar (1995, Int. Rev. Immunol. 13:65-93). For a detailed discussion of this technology
for producing human antibodies and human monoclonal antibodies and protocols for producing
such antibodies, see, e.g., US Patent Nos. 5,413,923; 5,625,126; 5,633,425; 5,569,825;
5,661,016; 5,545,806; 5,814,318 and 5,939,598.

[0141] Completely human antibodies which recognize a selected epitope can be generated
using a technique referred to as "guided selection.” In this approach a selected non-human
monoclonal antibody, e.g., a mouse antibody, is used to guide the selection of a completely
human antibody recognizing the same epitope. (Jespers et al., Bio/technology 12:899-903
(1988)).

[0142] Further, antibodies to the polypeptides of the invention can, in turn, be utilized to
generate anti-ldiotype antibodies that "mimic" polypeptides of the invention using techniques
well known to those skilled in the art. (See, e.g., Greenspan & Bona, FASEB J. 7(5):437-444;
(1989) and Nissinoff, J. Immunol. 147(8):2429-2438 (1991)). For example antibodies which
bind to and competitively inhibit polypeptide multimerization and/or binding of a polypeptide of
the invention to a ligand can be used to generate anti-Idiotypes that "mimic" the polypeptide
multimerization and/or binding domain and, as a consequence, bind to and neutralize
polypeptide and/or its ligand. Such neutralizing anti-1diotypes or Fab fragments of such anti-
Idiotypes can be used in therapeutic regimens to neutralize polypeptide ligand. For example,
such anti-Idiotypic antibodies can be used to bind a polypeptide of the invention and/or to bind
its ligands/receptors, and thereby block its biological activity.

[0143] The invention further provides polynucleotides comprising a nucleotide sequence
encoding a chimeric antigen receptor of the invention as described above. The polynucleotides
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may be obtained, and the nucleotide sequence of the polynucleotides determined, by any
method known in the art. For example, if the nucleotide sequence of the components of the
chimeric antigen receptor are known, a polynucleotide encoding the components may be
assembled from chemically synthesized oligonucleotides, which involves the synthesis of
overlapping oligonucleotides containing portions of the sequence encoding the components of
the chimeric antigen receptor, annealing and ligation of those oligonucleotides, and then
amplification of the ligated oligonucleotides by polymerase chain reaction (PCR). Alternatively,
a polynucleotide encoding a chimeric antigen receptor may be generated from nucleic acid
from a suitable source. Amplified nucleic acids generated by PCR may then be cloned into
replicable cloning vectors using any method well known in the art.

[0144] The following examples are presented in order to more fully illustrate the preferred
embodiments of the invention.

EXAMPLES

EXAMPLE 1.

[0145] B7-H3 (CD276) is a type | transmembrane protein and a member of the B7 superfamily
of ligands that has an inhibitory effect on T-cells. B7-H3 is highly expressed in several human
malignancies and its expression correlates with poor survival. We have selected B7-H3 as a
target of chimeric antigen receptor (CAR)-redirected T cells, since it is expressed in tumor
cells, but has a restricted distribution in normal tissues. Noteworthy, the mAb 376.96-from
which we have derived the B7-H3-specific CAR targets a defined B7-H3 epitope that is not
detectable in normal tissues, thus further minimizing potential side effects due to "on target but
off tumor" recognition. Furthermore, this epitope is highly expressed in cancer initiating cells
and tumor-associated vasculature and fibroblasts. We have generated a CAR from the single
chain Fv (scFv) obtained from the mAb 376.96. We found that B7-H3.CAR can be stably
expressed by human T lymphocytes upon gene transfer and that B7-H3.CAR-modified T cells
can specifically recognize and efficiently eliminate B7-H3 positive cells, and cross-react with
both human and murine B7-H3. We have found that B7-H3 highly express on pancreatic
cancer (PDAC) cell lines, which can be efficiently eliminated by B7-H3.CAR-Ts (using either
CD28 or 4-1-BB as costimulatory domains) in vitro. In vivo experiments showed that B7-
H3.CAR-T cells effectively target pancreatic tumor cells both in systemic metastatic model and
orthotopic pancreas model in NSG mice. In view of the broad tumor expression of B7-H3, we
anticipate the applicability of the B7-H3.CAR derived from the mAb 376.96 for the treatment of
many types of solid and liquid human tumors.

[0146] Cell lines. Human pancreatic tumor cell lines Panc-1, BxPC-3, Panc-10.05, Capan-1,
Hpaf-1l and AsPC-1 were purchased from American Type Culture Collection (ATCC). 293T,
Phenix Eco and Capan-1 cell lines were cultured in IMDM (Gibco, Invitrogen) supplemented
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with 10% FBS (Sigma), 2 mM GlutaMax (Gibco). BxPC-3, Panc-10.05, KPC-4662 were
cultured in RPMI1640 (Gibco) supplemented with 10% FBS and 2 mM GlutaMax. AsPC-1 was
cultured in RPMI1640 (Gibco) supplemented with 10% FBS, 2 mM GlutaMax and 1mM Sodium
pyruvate (Gibco). Panc-1 cells were cultured in DMEM (GIBCO) supplemented with 10% FBS
and 2 mM GlutaMax. Hpaf-1l was cultured in MEM (Gibco) supplemented with 10% FBS and 2
mM GlutaMax. Penicillin (100 unit/mL) (Gibco) and streptomycin (100 pg/mL) (Gibco) were
added to all cell culture mediums. Cells were maintained in a humidified atmosphere containing
5% CO, at 37°C. Panc-1, Panc-10.05, BxPC-3, Hpaf-ll, Capan-1 and Aspc-1 cells were

transduced with a retroviral vector encoding the eGFP, and Raji cell was transduced with
retroviral vectors encoding either human or murine B7-H3 cdna. The murine pancreatic tumor
cell line KPC-4662 was transduced with a retroviral vector encoding the murine B7-H3 cdna.
Panc-1 and BxPC-3 cells were also transduced with a retroviral vector encoding the eGFP-
Firefly-Luciferase (eGFP-FFluc) gene. All lines were routinely checked over the course of the
experiments and always found mycoplasma free and routinely validated by flow cytometry for
surface markers and functional readouts as needed.

[0147] Plasmid construction and retrovirus production. The full-length human 21g-B7-H3
(accession number NM_001329628) and 4Ilg-B7-H3 (accession number NM_001024736)
genes were amplified by PCR from cDNA generated from Panc-1 cell line, and cloned into the
retroviral vector SFG using Ncol and Xhol restriction sites. Murine B7-H3 (accession number
NM_133983) was amplified by PCR from a plasmid obtained from In Vivo gene (San Diego,
CA) and cloned into the retroviral vector SFG using Ncol and MIul restriction sites. The
scFv.376.96 specific for human B7-H3, was cloned into the retroviral vector SFG using Ncol
and Mlul restriction sites, and the entire cassette of the B7-H3.CARs are illustrated in Figure
3A. The retroviral supernatant was prepared as previously described. Briefly, 293T cells were
cotransfected with 3 plasmids (the retroviral construct, Peg-Pam-e encoding for gag-pol, and
RDF encoding for the RD114 envelop), using the Geneduice transfection reagent (Novagen),
and supernatants were collected at 48 and 72 hours later.

[0148] T cell transduction and expansion. Buffy coats from healthy donors were obtained
through the Gulf Coast Regional Blood Center, Houston, TX. Peripheral blood mononuclear
cells (PBMCs) were isolated with Lymphoprep density separation (Fresenius Kabi Norge), were
activated using 1 yg/mL anti-CD3 (Miltenyi Biotec) and 1 ug/mL anti-CD28 (BD Biosciences)
antibodies coated plates. On day 3, T lymphocytes were transduced with retroviral
supernatants using retronectin-coated plates (Takara Bio Inc., Shiga, Japan). After removal
from the retronectin plates, T cells were expanded in complete medium (45% RPMI-1640 and
45% Click's medium (Irvine Scientific), 10% FBS (Hyclone), 2mM GlutaMAX, 100 unit/mL of
Penicillin and 100 pg/mL of streptomycin) with IL-7 (10 ng/mL; PeproTech) and IL-15 (5 ng/mL,;
PeproTech), changing medium every 2-3 days. On day 12-14, cells were collected for in vitro
or in vivo experiments. T cells were cultured in IL-7/IL-15 depleted medium for two days prior
to functional assays.

[0149] Immunohistochemistry. Frozen normal human tissue microarrays and normal murine
tissue microarrays were purchased from US Biomax. Frozen pancreatic cancer samples were



DK/EP 3642344 T3

obtained from the Tissue Procurement Facility at the UNC Lineberger Comprehensive Cancer
Center. Tissues were sectioned by the Histology Research core facility at University of North
Carolina. Slides were fixed in 4% PFA in PBS for 15 min, dried for 30 min at room temperature
and blocked with 1% BSA and 10% horse serum (Company) in PBS with 0.05% tween-20.
Slides were stained with the primary antibody specific for human B7-H3 (clone 376.96, 1:1000
dilution) at 4°C overnight, and probed with HRP polymer conjugated goat anti-mouse
secondary antibody (Dako, code K4000, 1:8 dilution at 25 °C for 1.5 h). Slides were developed
using DAB chromogen (Vector Labs), counterstained with CAT hematoxylin (Biocare medical),
dehydrated in ethanol, and cleared in xylene (Fisher chemical). Cover slips were added using
histological mounting medium (Fisher, toluene solution). Stained TMA slides were digitally
imaged at 20X objective using the Aperio ScanScope XT (Leica). Tissue microarray slides
were de-arrayed to visualize individual cores and each core was visually inspected. Folded
tissues were excluded from the analysis using a negative pen, and all other artifacts were
automatically excluded with the Aperio Genie software. The B7-H3 staining was measured
using Aperio membrane v9 (cell quantification) algorithm. Percentage of positive cells obtained
with this algorithm at each intensity level (negative, low, medium, high) were used to calculate
the H-Score using the formula: H-Score = (% at 1+) *1 + (% at 2+) * 2 + (% at 3+) * 3. The
Aperio color deconvolution v9 algorithm with the Genie classifier was also applied to calculate
the area and intensity of the positive stain and generate a Score (0-300).

[0150] ELISA T cells (5%10° or 1x10%) were co-cultured with tumor cells (5%10%) in a 24 well
plate without exogenous cytokines. After 24 hours, supernatants were collected and cytokines
(interferon gamma (IFNy) and interleukin 2 (IL2)) were measured by using ELISA kit (R&D
system) following manufacturer's instructions. Each supernatant was measured in triplicate.

[0151] Flow cytometry. We performed flow cytometry using Abs specific to CD45, CD56,
CD8, CD4, CD3, CD45RA, CD45R0O, CD62L, hB7-H3 (clone 7-517), mB7-H3 (clone MIH32),
mCD3, mCD4, mCD8, mCD11b, mCD11¢, mLy6cG, mCD19 (all from Becton Dickinson, San
Jose, CA) and CCRY (from E&D) conjugated with BV421, AF488, FITC, PE, PE-cy7, PerCP-
cy5.5, APC, and APC-cy7 fluorochromes. Expression of B7-H3 in tumor cell lines was assessed
with anti-B7-H3 specific Abs (clone 7-517 from BD, and clone 376.96). The expression of B7-
H3.CAR was detected using Protein-L (Genscript) and Anti-Fab antibody (Jackson
ImmunoResearch Laboratories INC.). Samples were analyzed with BD FACScanto Il or BD
FACSfortessa with the BD Diva software (BD Biosciences), for each sample we acquired a
minimum of 10,000 events, and data was analyzed using Flojo 10.

[0152] Long-term in vitro cytotoxic activity. Tumor cells were seeded in 24-well plates at a

concentration of 5x10%/well. T cells were added to the culture at different ratios (E:T of 1:1; 1:5,
or 1:10) without the addition of exogenous cytokines. Cells were analyzed by day 5-7 to
measure residual tumor cells and T cells by FACS. Dead cells were removed by Zombie Aqua
(Biolegend) staining, T cells and tumor cells were identified by the expression of CD3, GFP
(pancreatic cancer cell lines and fibroblast cells), CD19 (Raji, Raji-2IgB7-H3, Raji-41gB7-H3
and Raji-mB7-H3) and mB7-H3 (KPC-4662 and KPC-4662-mB7-H3).



DK/EP 3642344 T3

[0153] Proliferation Assay. T cells were labeled with 1.5 mM carboxyfluorescein diacetate
succinimidyl ester (CFSE; Invitrogen) and plated with tumor cell targets at an E:T ratio of 1:1.

CFSE dilution was measured on CD3* T cells by day 5 using flow cytometry.

[0154] Xenogenic mouse models. NSG mice were used to assess the in vivo antitumor effect
of control and transduced T cells. All mouse experiments were approved by the Institutional
Animal Care and Use Committee of University of North Carolina at Chapel Hill. For systemic
metastatic model, 8-10-week-old male and female NSG mice (UNC animal facility) were

injected i.v. with FFluc transduced either Panc-1 (1 x 108) or BxPC-3 (1 x 10%) tumor cells, 14
days after tumor cells inoculation, none-transduced T cell, B7-H3.CAR-28 or B7-H3.CAR-BB T

cells were injected i.v. (1 x 107 cells per mouse) (Fig. 6H). For pancreatic orthotopic model,

FFluc transduced Panc-1 (2 x 10%) or BxPC-3 (1 x 10%) tumor cells were suspended in 25 uL
DPBS and mixed with 25 pyL Matrigel (Corning), then surgically implanted into pancreas of 8-
10-week-old male mice using 28-gauge needle. Briefly, an incision is performed in the left flank
and tumor cells mixed with Matrigel were injected using a 28-gauge needle into a tail of the
pancreas. The wound is closed in two layers, with running 4-0 Vicryl, and wound clips or
polypropylene sutures for the skin. 12 days after tumor cells inoculation, CD19.CAR-T (control)

or B7-H3.CAR-T cells were injected i.v. (1 x 107 cells per mouse) (Fig. 6A). No randomization
was used. Investigators were not blinded, but mice were matched based on the signal of tumor
cells before assignment to control or treatment groups. Tumor growth was monitored by
bioluminescence imaging weekly using IVIS lumina Il in vivo imaging system (PerkinElmer).
Mice were euthanized when signs of discomfort were detected by the investigator or as
recommended by the veterinarian who monitored the mice three times a week, or when

luciferase signal reached 2 x 107" photons per second per cm? to investigate animal survival.
Tumor specimen was collected and snap froze for IHC staining to detect B7-H3 expression.

[0155] Statistical analyses. Unless otherwise noted, data were reported as mean % s.d.
Student's t-test (two-sided) was used to determine statistically significant differences between
samples, with P < 0.05 indicating a significant difference. Graph generation and statistical
analyses were performed using Prism version 5.0d software (GraphPad, La Jolla, CA).

[0156] B7-H3 is highly expressed on pancreatic cancer tissues but not normal human
tissues. To evaluate the expression of B7-H3 on normal human tissues, frozen normal human
tissue microarray (TMA) slides were stained with the 376.96 mAb. Frozen human pancreatic
ductal adenocarcinoma (PDAC) tissues were used as positive control. As shown in Fig. 1A,
PDAC tissues were positive for B7-H3, and the antigen is expressed by both tumor cells and
stroma fibroblasts, while normal pancreas is B7-H3 negative. Similarly, six human PDAC tumor
cell lines and three primary pancreatic tumor cell lines from PDX models are B7-H3 positive
(Figs. 1B-C). Normal human tissues including heart, lung, liver, kidney, spleen, muscle,
cerebrum, cerebellum, spinal cord and peripheral nerves were B7-H3 negative (Fig. 2). Weak
positivity was detected in adrenal gland, salivary gland, epithelia cells of prostate and basal
layer of the skin (Fig. 2).
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[0157] B7-H3.CAR-Ts specifically target B7-H3 positive cells and cross-react with both
human and murine B7-H3. We have generated a B7-H3.CAR using the 376.96 mAb. The
scFv sequence obtained from the hybridoma 376.96 was cloned into previously validated CAR
formats including the human CD8a hinge and transmembrane domain, CD28 or 4-1-BB
intracellular costimulatory domains and CDS3C intracellular signaling domain. The B7-H3.CAR
cassettes were cloned into the retroviral vector SFG and are illustrated in Fig. 3A. The
transduction efficiency of B7-H3.CAR-Ts is 65%-85% (Fig. 3B). To verify the specificity of B7-
H3.CAR-Ts, the tumor cell line Raji that is B7-H3 negative was genetically modified to express
either the two isoforms of human B7-H3 (41g-B7-H3 and 21g-B7-H3) or the corresponding
mouse B7-H3 (mB7-H3). Single cell clones of these cells were obtained (Fig. 3C). Control and
B7-H3-expressing Raji cells were then co-cultured with either control or B7-H3.CAR-Ts. As
shown in Fig. 3D, B7-H3.CAR-Ts encoding either CD28 or 4-1-BB co-stimulatory domains
specifically targeted B7-H3-expressing Raji cells. B7-H3.CAR-Ts also targeted Raji cells
expressing mB7-H3 demonstrating that the scFv derived from the 376.96 mAb targets both
human and mouse B7-H3 molecule (Fig. 3D-E). The antitumor effect was also parallel by IFNy
and IL-2 release (Fig. 3F-G).

[0158] B7-H3.CAR-Ts target PDAC cell lines in vitro. To assess the effects of B7-H3.CAR-Ts
on tumor cell lines naturally expressing B7-H3, we co-cultured six PDAC cell lines with
CD19.CAR-Ts (negative control) and B7-H3.CAR-Ts at different T cell to tumor cell ratios. As
shown in Fig. 4A, B7-H3.CAR-Ts effectively eliminated PDAC cells, even at 1:10 T cell to tumor
cell ratio (Fig. 4B-C) . For two PDAC tumor cell lines, BxPC-3 and Panc-10.05, B7-H3.CAR-Ts
encoding 4-1BB seemed more efficient than B7-H3.CAR-Ts encoding CD28 (Fig. 4C). Cytolytic
activity of B7-H3.CAR-Ts was corroborated by cytokine release (IFNy and IL2) (Fig. 4D-E) and
proliferation (Fig. 4F). Similar results were obtained when B7-H3.CAR-Ts were co-cultured with
PDAC cell lines derived from PDX (Fig. 5A-F).

[0159] B7-H3.CAR-Ts show antitumor activity in xenograft models. To investigate the
antitumor effects of B7-H3.CAR-Ts in viva, FFluc transduced Panc-l and BxPC-3 tumor cells
were implanted into pancreas of NSG mice by surgery for pancreas orthotopic models, and
treated with control CD19.CAR-Ts and B7-H3.CAR-Ts (Fig 6A). As shown in Fig. 6B-D, B7-
H3.CAR-Ts effectively eliminated Panc-1 tumor cells and mice remained tumor free up to day
80 after treatment. In the BxPC-3 orthotopic model, B7-H3.CAR-Ts also controlled tumor but in
this model B7-H3.CAR-Ts encoding 4-IBB were more effective than B7-H3.CAR-Ts encoding
CD28 (Fig. 6E-G). In metastatic model, FFluc transduced Pane-| tumor cell was implanted into
NSG mice by i.v. injection (Fig. 6H). Mice were then treated via tail vein injection with
CD19.CAR-Ts and B7-H3.CAR-Ts. As shown in Fig. 61-J, B7-H3. CAR-Ts controlled Pane-| turn
or growth until day 70 post treatment when the experiment was terminated. In this model both
B7-H3.CAR-Ts encoding either CD28 or 4-1BB showed similar activity.

scFV sequence of B7-H3-CAR (SEQ ID NO:5)
GACATTGTGATGACCCAGTCTCACAAATTCATGTCCACATCAATTGGAGCC
AGGGTCAGCATCACCTGCAAGGCCAGTCAGGATGTGAGAACTGCTGTAGC
CTGGTATCAACAGAAACCAGGCCAGTCTCCTAAACTACTAATTTACTCGG
CATCCTACCGGTACACTGGAGTCCCTGATCGCTTCACTGGCAGTGGATCTG
GGACGGATTTCACTTTCACCATCAGCAGTGTGCAGGCTGAAGACCTGGCA

YT A MY A AT A U A A M AT A MO A ATACVT NN A UMM A
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UI11ALIACIUILAULAALALLAIUULIALILLLUOU TUUIALUL TULUUT LUUA
GGCACCAAGCTGGAAATCAAAGGCGGCGGAGGATCTGGCGGAGGCGGAA
GTGGCGGAGGGGGCTCTGAAGTGCAGCTGGTGGAGTCTGGGGGAGGCTTA
GTGAAGCCTGGAGGGTCCCTGAAACTCTCCTGTGAAGCCTCTAGATTCACT
TTCAGTAGCTATGCCATGTCTTGGGTTCGCCAGACTCCGGAGAAGAGGCT
GGAGTGGGTCGCAGCCATTAGTGGAGGTGGTAGGTACACCTACTATCCAG
ACAGTATGAAGGGTCGATTCACCATCTCCAGAGACAATGCCAAGAATTTC
CTGTACCTGCAAATGAGCAGTCTGAGGTCTGAGGACACGGCCATGTATTA
CTGTGCAAGACACTATGATGGTTATCTTGACTACTGGGGCCAAGGCACCA
CTCTCACAGTCTCCTCA
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Patentkrav

1. Kimeaerisk antigenreceptor (CAR) omfattende aminosyresekvensen:
MEFGLSWLFLVAILKGVQCDIVMTQSHKFMSTSIGARVSITCKASQDVRTAV
AWYQQKPGQSPKLLIYSASYRYTGVPDRFTGSGSGTDFTFTISSVQAEDLAVY
YCQQHYGTPPWTFGGGTKLEIKGGGGSGGGGSGGGGSEVQLVESGGGLVKP
GGSLKLSCEASRFTFSSYAMSWVRQTPEKRLEWVAAISGGGRYTY YPDSMK
GRFTISRDNAKNFLYLQMSSLRSEDTAMYYCARHYDGYLDYWGQGTTLTVS
STRTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAP
LAGTCGVLLLSLVITLYCRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPR
DFAAYRSRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPE
MGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS
TATKDTYDALHMQALPPR (SEQ ID NO: 1),

2. Kimeerisk antigenreceptor (CAR) omfattende aminosyresekvensen:
MEFGLSWLFLVAILKGVQCDIVMTQSHKFMSTSIGARVSITCKASQDVRTAYV
AWYQQKPGQSPKLLIYSASYRYTGVPDRFTGSGSGTDFTFTISSVQAEDLAVY
YCQQHYGTPPWTFGGGTKLEIKGGGGSGGGGSGGGGSEVQLVESGGGLVKP
GGSLKLSCEASRFTFSSYAMSWVRQTPEKRLEWVAAISGGGRYTY YPDSMK
GRFTISRDNAKNFLYLQMSSLRSEDTAMYYCARHYDGYLDYWGQGTTLTVS
STRTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAP
LAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEE
EEGGCELRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPE
MGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLS
TATKDTYDALHMQALPPR (SEQ ID NO: 2).

3. Kimeerisk antigenreceptor (CAR) ifalge et hvilket som helst af kravene 1 el-
ler 2, yderligere omfattende en paviselig del og/eller yderligere omfattende et
effektormolekyle valgt fra gruppen bestdende af et leegemiddel, et toksin, et
lille molekyle, et antistof, et cytokin, et onkolytisk virus, et enzym, en nanopar-

tikel, et stillads deraf og en hvilken som helst kombination deraf.



10

15

20

25

30

DK/EP 3642344 T3

4. Nukleinsyremolekyle, der koder for CAR ifglge et hvilket som helst af kra-

vene 1-3.

5. Nukleinsyremolekyle ifglge krav 4, omfattende nukleotidsekvensen af SEQ
ID NO: 3 eller SEQ ID NO: 4.

6.Vektor omfattende nukleinsyremolekylet ifalge et hvilket som helst af kra-

vene 4-5.

7. Celle omfattende CAR ifzlge et hvilket som helst af kravene 1-3 eller nukle-
insyremolekylet ifalge et hvilket som helst af kravene 4-5 og/eller vektoren
ifelge krav 6; eventuelt hvor cellen er valgt fra gruppen bestaende af en offT-
celle, en naturlig dreebercelle (NK), en cytotoksisk T-lymfocyt (CTL), en regu-
latorisk T-celle, en naturlig dreeber-T-celle (NKT), en Th17-celle, en ydT-celle

og enhver kombination deraf.

8. Sammensaetning omfattende CAR ifslge et hvilket som helst af kravene 1-
3, nukleinsyremolekylet ifalge et hvilket som helst af kravene 4-5, vektoren

ifelge krav 6 og/eller cellen ifglge krav 7, i en farmaceutisk acceptabel beerer.

9. Nukleinsyremolekyle ifalge et hvilket som helst af kravene 4-5, vektoren
ifelge krav 6 og/eller cellen ifalge krav 7, til anvendelse ved behandling af can-

cer.

10. Nukleinsyremolekyle ifalge et hvilket som helst af kravene 4-5, vektoren
ifelge krav 6 og/eller cellen ifalge krav 7, til anvendelse ved behandling af can-
cer hos et individ, hvor canceren er forbundet med @get ekspression eller over-
ekspression af B7-H3 (CD276) i et individ.

11. Nukleinsyremolekyle, vektor og/eller celle til anvendelse ifglge et hvilket

som helst af kravene 9-10, hvor individet har haft og/eller er i behandling for
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cancer.

12. Fremgangsmade til malretning af en cancercelle og/eller en cancerinitie-
rende celle (CIC) med et B7-H3 (CD276)-antigen, omfattende at tilvejebringe
en celle til cancercellen og/eller CIC'en omfattende CAR ifglge et hvilket som

helst af kravene 1-3; hvor cancercellen og/eller CIC er in vitro.

13. Fremgangsmade til pavisning af cancerceller og/eller cancerinitierende
celler (CIC'er) i en cellepreve, omfattende:

a) at bringe cellepreven i kontakt med CAR ifalge et hvilket som helst af kra-
vene 1-4 under betingelser, hvorved et bindingskompleks kan dannes; og

b) at pavise dannelse af bindingskomplekset, hvor pavisning af bindingskom-
plekset er indikativ for cancerceller og/eller CIC'er i cellepraven eller i subjek-
tet.

14. Nukleinsyremolekyle, vektor og/eller celle til anvendelse ifglge et hvilket
som helst af kravene 9-11, hvor cellen er valgt fra gruppen bestaende af en
aBT-celle, en naturlig dreebercelle (NK), en cytotoksisk T-lymfocyt (CTL), en
regulatorisk T-celle, NKT-celle, Th17-celle, en ydT-celle og en hvilken som

helst kombination deraf.

15. Nukleinsyremolekyle, vektor og/eller celle til anvendelse ifglge et hvilket
som helst af kravene 9-11 eller 14 eller fremgangsmaden ifglge krav 12 eller

13, hvor cellen er en autolog celle.

16. Kimeerisk antigenreceptor ifalge krav 1 eller krav 2 til anvendelse i behand-

lingen af en cancer.

17. Kimeerisk antigenreceptor til anvendelse ifglge krav 16, hvor canceren er

forbundet med @get ekspression eller overekspression af B7-H3-antigen.
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2. TEXA sequence of the whole plasmid.
AAGUTTTGCTCTITAGCGAGTTICCTAATACATCCCAAACTCAAATATATAAAGCAT
TTGACTTGTTCTATGUCCTAGGUGUCGOGOEEAAGCTAAGCCAGUTTTITTITAAC
ATTTAAAATGTTAATTCCATIITAAATGCACAGATOTITTTATTTCATAAGOGGTTT
CAATOTGCATGAATGUTGCAATATTCCTOTTACCAAAGOTAGTATAAATAAAAAT
AGATAAACGTGGAAATTACTTAGAGTTTICTGTCATTAACCGTTTCCTICCTCAGTIO
ACAACATAAMATOCGCTGCTGAGCAAGCCAGTTTOLATCTIGTCAGGATCAATTICE
CATTATGCCAGTCATATTAATTACTAGTCAATTAGTTGATTTTITATTTTTGACATA
TACATGTGAATGAAAGACCCCACCTGTAGGTTITGGCAAGCTAGUTTAAGTAACGC
CATTTTGCAAGGCATGGAAAAATACATAACTOAGAATAGAAAAGTTCAGATCAA
GOGTCAGGAACAGATGHAACAGUTGAATATOGCGLCAAACAGOATATCTGTGGTAA
GUAGTTCCTOCCCCGOUTUAGGOCCAAGAACAGATGGAACAGOCTGAATATGGEE
CAAACAGOATATCTGTOETAAGCAGTTUCTGRCCCGGUTCAGGLGCCAAGAACAG
ATGOTCCCCAGATOEGGTCCACGCCCTCAGCAGTTTCTACGAGAACCATCAGATGTT
TECAGGGTOCCCCAAGUALTTGAAATCALCOTGTGUCTTATTTGAACTAACCAAT
CAGTTCGCTTCTCGCTTCTETTCGUGCGCTTATGUTCCCCGAGCTCAATAAAAGA
GCCCACAACCCCTCACTCGGGGCGCCACTCOTCCHATTGACTCAGTCGCLCGGEGT
ACCCGTOTATCCAATAAACCCTCTTOCACGTICCATCCGACTTIOTOGTETCOCTEGTTY
COTTOGEAGCOTCTCOTCTGAGTGATTGACTACCCGTOAGCGGGCGGTCTTTICATT
TGHEGGUTCETCCOGHATCCGBAGACCCCTGUCCAGGGACCACCCACCCACCAC
COGCAGGTAAGUTGOCCAGCAACTTATCTGTGTICTCGTCCGATTOTCTAGTGTICTA
TOACTCGATTTTATGCGUCTGCOTUGGTACTAGTTAGUTAACTAGCTICTGTATUTGG
CGGACCLOGTOOTGGAACTOACGAGTTCGOAACACCOGGCCGCAACCUTOGGHAGA
CHTCCCAGRUACTTCOROGUCCOTTTITETOOLCCOACCTRAGTCOUTAAAATCCC
GATCGTTTAGGACTCTTTGGTGCACCCCCCTTAGAGGAGGGATATGTGGTICTGE
TAGGAGACGAGAACCTAAAACAGTTICCCGCCTCCOTCTOAATTTTTIGCTTTCGOT
TTGGGACCEAAGCCGCGCCGCGCETCTTOTCTGU TGCAGCATCGTTCTGTOTTGT
CTCTGTCTCACTCTGITTCTGTATTITCTCTCAAAATATGGGCCCGGGCTAGCCTCT
TACCACTCCCTTAAQTTTGACCTTAGGTCATTOGAAAGATGTCOGAGCGGATCGET
CACAACCAGTUCGGTAGATGTCAAGAAGAGACGTTIGGOUTTACOTTOTGOTCTGCAG
AATGGCCAACCTTTAACGTCGGATOUGCCOCOACACGOLACCTITAACCGAGALC
TCATCACCCAGOTTAAGATCAAGGTCTTTICACCTOGGCCCUCATGGACACCCAGA
CCAGGTOOGGTACATCOTGACCTGOGAAGCCTTOGCTITTGACCCCCOTCOCTGE
GTCAAGCCETTTGTACACCOTAAGCCTCCGCCTCCTUTTCCTCCATCCOGUCCCHTE
TCTCCCCCTTGAACCTCCTCGTTCGACCCCGCCTCOATCOTCCUTTTATCCAGCCL
TCACTCOTTOTCTAGOGCGCCCCOATATGOGUCATATGAGATCTTATATGGGOCACC
CCLGCCCCTTIGTAAACTTCCCTGACCCTCACATGACAAGAGITACTAACAGCCLC
TCTCTOCAAGETCACTTACAGGUTCTCTACTTAGTECAGCACGAAGTOTGUAGAL
CTCTGGOGGLAGCCTACCAAGAACAACTGGACCGACCGETGOTACCTCACCCTT
ACCGAGTCEEUCACALACGTOTOGGOTCCGLCGACALCAGACTAAGAACCTAGAAL
CTCOCTGOAAAGCGACCTTACACAGTCCTOUTCGACCACCCCCACCGLCUTUCAAAGT
AGACGGCATCGCAGCTTGUATACACGCOGCCLACGTGAACGGCTCCCOATCLCGD
GGOTGCACCATCCTCTAGACTGCCATGGAATTCGGCCTGACCTGGCTETTICCTGG
TGGCCATCCTCAAGGQUOTOGCAGTOCCACATIGTCATGACCCAGTCTCACAANTET
CATGTCCACATCAATTAGAGCCAGGGTCAGCATCACCTGCAAGRCCAGTCAGGA
TGTGAGAACTGCTGTAGCCTGOTATCAACAGAAACCAGGCCAGTCTCCTAAACTA
CTAATTTACTCGGCATCCTACCGGTACACTCHAGTCCOTGATCGUTTCACTEGOA
GTGOGATCTGGOACGGATTICACTTTCACCATCAGCAGTOTGCAGGOTGAAGACCT
GGCAGTTTATTACTGTCAGCAACATTATGGTACTCCTCEGTGGACGTTCGETGGA
GGCACCAAGCTGUGAAATCAAAGGUGULGGAGGATCTGUGCGOAGGLGGAAGTUG
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CGGAGGGEGCTCTGAAGTGCAGCTGGTGGAGTCTCGGGGAGGCTTAGTGAAGCC
TGOAGGETCCCTGAAACTCTCU TG TGAAGUCTCTAGATTCACTTTUAGTAGUTAT
GCCATCTCTTOUOTTCOCCAGACTCCOOAGAAGAGUCTGGAGTOGETCGCAGCO
ATTAGTGGAGOTGGTAGGTACACCTACTATCCAGACAGTATGAAGGUGTOGATTC
ACCATCTCCAGAGACAATGCUAAGAATTTCCTGTACCTGUAAATGAGUAGTCTGA
GGTCTCAGGACACGGLCATGTATTACTOTGCAABGACACTATGATGGITATCTTGA
CTACTOGGGCCAAGUCACCACTCICACAUTCTCCTCAACGUGTACCACGACGUCA
GCGCCGECGACCACCAACACCHECGCUCACCATCGCGTCGCAGCCCCTGTCCCTG
GCCCAGAGGUGTOCCGGCCAGOGHCGHGOGGCGCAGTGCACACGAGGHRGOGCTG
GACTTCGCCTGTGATATCTACATCTGGGCGCCOTTGGCCGGGACTTGTGGGGTCO
TTCTCCTETCACTGGTTATCACCCTTTACTGCAGAAGTAACGAGOAGCAGGCTCCY
GCACAGTGACTACATGAACATGACTCCCUOCCOCCCOBGUUCCACCUOCAAGEA
TTACCAGCCCTATGCCCCACCACGCGACTTCGCAGCCTATCGCTCCAGAGTGAAG
TTCAGCAGGAGCGCACACGLCCCCOUGTACCAGCAGGRUCAGAACCAGCTCTAT
AACCAGUTCAATCTAGGACGAAGAGAGGAGTACGATGITTTIGGACAAGAGACET
GGCCGGGACCCTGAGATCGOGGHAAAGCCCAGAAGGAAGAACCCTCAGGAAGT
CCTGTACAATGAACTOGCAGAAMGATAAGATGGUGBAGGCCTACAGTGAGATTOG
GATGAAAGGCGAGCGCCGOAGGOGGCAAGGGUOLACGATGGCCTTTACCAGGHTCT
CAGTACAGUCACCAAGGACACCTACGACGUCCTTCACATGCAGOLCCTGLCCCOT
COCTAAGCATGCACCTCOAGATCOATCCGGATTAGTCCAATTTGTTAAAGACAGEG
ATATCAGTOGTCCAGOCTCTAGTTTICACTCAACAATATCACCAGCTGAAGCCTA
TAGAGTACGAGCCATACGATAAAATAAAAGATTTITATTTAGTCTCCAGAAAAAGT
GGOOGAATCGAAAGACCOCACCTOTAGGTTTGOCAAGLTAGCTTAAGTAACGCCAT
TTTGCAACGGUCATGUAAAAATACATAACTOGAGAATAGACGAAGTICAGATCAAGGT
CAGGAACAGATOCGAACAGUTGAATATCGUGCCAAACACGATATC TG TGUTAAGCA
GTTCCTOCCCCGGCTICAGGGUCAAGAACAGATGGAACAGCYGAATATEGGCCAA
ACAGGATATCTOTGOTAAGCAGTTCCTGCCCCGGUTCAGOOUCAAGAACAGATO
GTCCCCAGATOCGGTCCAGCCUTCAGCAGTTTCTAGAGAATCATCAGATGTITCC
AGGUGTGCCCCAAGGACCTGAAATGACCCTGTGCCTTATTIGAACTAACCAATCAG
TTCOCTTCTCGOUTICTOTTCGCGCGCTTCTGCTCCCCOAGCTCAATAAAAGAGCCC
ACAACCCOTCACTCGOOGLGCCAGTCOTCCCGATTCACTCGAGTCCCCCERETACCE
GIGTATCCAATAAACCOTCTTIGCAGTTGCATCCGACTTGIGGTCTCGOTGTTCOTT
GGGAGGOTCTCCTOTGAGTGATTGACTACCCGTCAGUCGGGETCTTTICACACATO
CAGCATGTATCAAAATTAATTTGUTTITTITITCTTAAGTATTTACATTAAATGOCC
ATAGTACTTAAAGITACATIGGUITCCTTOAAATAAACATGCAGTATTCAGAATG
TETCATAAATATTTCTAATITTAAGATACGTATCTCCATIGGUTTICTACTTITICTT
TTATTITTIT T TCCTCTGTCT TCCATTTGTTGTIGTIGTIGTITGTTITGTI TGTTT
GTTOGTTGUTTGOTTAATTTTTITTTAAAGATCCTACACTATAGTTCAAGCTAGAC
TATTAGUTACTCIGTAACCCAGGUGICACCTTIGAAGTCATGUGTAGCCTGCTOTTT
TAGCCTTCCCACATCTAAGATTACAGGTATGAGCTATCATITT TGO TATATTGATT
GATTCGATTOATTCGATGTOTOTGTGTGTOATTGTGTITIOTGTGTUTGACTGTGAAAA
TOTGTETATOGGTGTGTOTGAATGFGTCTATGTATGTIGTGTOTORGAGTGTICTGT
GTGTGTETGTGCATGTGTGTGTGIGTGACTATGICTATOTOTATGACTGTGTGTGT
OTGTGTGTGTGTGTOTGTGTGTOTGTOTGTOTOTGTGTTUTOAARAAATATTCTAY
GOTAGTGAGAGCCAACGCTCCOGCTCAGHTOTCAGGTTGUTTTTTGAGACAGAGT
CTTTCACTTAGUTTGGAATTCACTOGCCGTCOTTTTACAALCTGTCOTGACTAGGAA
AACCCTGGCGTTACCCAACTTAATCOCCTTGCAGUACATCCCCCTTTCGCCAGCT
GGUOTAATAGCOAAGAGGCCCOGCACCCATCGCCUTTCCCAACAGTTGUGCAGEC
TGAATGGCOAATGGCGCUTOATGCGGTATTTTCTCCTTACGCATCYGTGCGGTAT
TTCACACCGUATATOGETOCACTOTCAGTACAATCTGUTCTGATGCCGCATAGTTA

ot
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AGCCAGCCCCGACACCCOGCCAACACCCGUTCALGCCCCCTGACGGGCTTETCTG
CTCCOOGCATCCECTTACAGACAAGCTGTCGACCGTCTCCGGOAGCTGCATETGTC
AGAGGTTTTCACCGTCATCALCGAAALGEGEGATCATGAAAGGGCETCGTGATA
COCCTATITTTATAGGTTAATOTCATGATAATAATOGCGTTTCTTAGACGTCAGGTGE
CACTTTICGGGGAAATETGUGCGRAACCOOTATTTGTTITATITTTCTAAATACATT
CAAATATGTATCCGCTCATGAGACAATAATCCTGATAAATGUTTCAATAATATIGC
AAAAAGGAACACTATCGAGTATICAACATTTCCGTGTCGCCCTTATTCCCTTTITTTG
CGGCATITIGCCTTCCTOTTTTTGCTCALCCAGAAALGLTGGTGAAAGTAAAAGA
TGCTGAAGATCAGTTOOGTGCACCAGTGOUTTACATCGAAUTOOGATCTCAACAG
COGOTAAGATCCTTGAGAGTITTCGCCCCGAAGAACCGTTTTCCAATCGATGAGCACT
TTTAAAGTTCTGCTATGTGGCGOGG TATTATCCUGTATTOACGUCGGGCAAGAGC
AACTCGGTCOGCCGUCATACAUTATTCTCAGAATGACTTOUTTCGAGTYACTCACCAGT
CACAGAAAAGCATCTITACGGATGGCATOACAGTAAGAGAATTATGCAGTGCTGC
CATAACCATCGAGTOATAACACTCCOGCCAACTTACTTCTGACAACGATUGGAGE
ACCOAAGGAGCTAACCOCTTTTTTGCACAACATGOGGUATCATGTAACTCGLRUTT
CATCOTTGUGAACCOGGAGCTGAATUAAGCLCATACCAAACGACGAGCGTGACALC
ACGATGCUTGTAGCAATGGCAACAACTTTGCOCAAACTATTAACTGGCGAACTA
CTTACTCTAGUTTCCCGGCAACAATTAATAGACTOGATCGAGGCOGATAAAGTTG
CAGCACCACTTICTGCGOTCCRUCCTICCGGCTGLGCTGUTITATIGCTGATAAATCT
GOAGCCGGTGAGCGTGGGTCTCOCGOTATCATTGCACGCACTGGUOCCAGATCGT
AAGCCCTCOCGTATCGTAGTTATCTACACCGACGOGGUAGTCAGGUAACTATOGATG
AACGAAATAGACAGATCGUTGAGATAGGTGCUTCACTGATTAAGCATTIGGTAAC
TCTCAGACCAAGTTTACTCATATATACTITAGATTOAT I TAAAACTTCATITTTAA
TTTAAAAGCGATCTAGGTGAAGATCCTTITTGATAATCTCATGACCAAAATCCCTT
AACGTCAGTTTICGTTCCACTGAGCOTCAGACCCOGTAGAAAAGATCAAAGTGAT
CTTCTTCAGATCCTTITTITCTGUGCOTAATUTGCTGCTITOCAAACAAAAAAACCA
CCGCTACCAGLGGTOGTTTGTTTGCCOGATCAAGAGCTACCAACTCTTITTCCGA
AGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCC
GTAGTTAGGUCACCACTTCAAGAACTCTOTAGCACCUCCTACATACCTLGCTCTG
CTAATCCTGTTACCAGTGOCTGCTGLCAGTGGCCATAAGTOGTGTCTTACCGGGT
TGOACTCAAGACGATAGTTACCGOATAAGGCGLAGCOGTCGHGCTGAACGOGGG
GTTCGTGCACACAGCCCAGCTTGGAGCGAACCGALCTACACCGAATTGAGATALC
TACAGCGTGAGCATTGAGCAAAGCGCCACGUTTCCCCAAGOGAGAAAGGLCGUACA
GOTATCCGUTAAGCGHCACGGHTCCLAACATGAGAGCGLACCAGGOAGCTTICCA
GGOGGAAACGCCTGETATCTTTATAGTCCUGTCOGOTTTCECCACCTCTIGACTTG
AGCGTCOGATTTTTGTGATGCTCOTCAGGGGOGLUGUAGCLCTATGGAAAAACGCCA
GCAACGCGOCCTTTTTACGGTTCCTGGOCTTTTGUTGGCCTTTTOCTCACATGETC
TTTCCTGCOTTATCCCCTOATTC TG TGOATAACCGTATTACCGCCTITCGAGTGAGE
TGATACCGCTCOCCGLAGCCGAACGACCGAGCGLAGCOAGTCAGTOAGLGAGEHA
AGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCUGATTCA
TTAATGCAGCTGOCACGACAGOTTITCCCGACTGGAAAGCGGGCAGTGAGCGCAA
COCAATTAATOTCAGTTAGCTCACTCATTAGGCACCCCAGGUTTITACACTTITAYG
CTTCCGOCTCGTATOTTOTOTGGAATTGTGAGUGCGATAAUAATTTCACACAGGAA
ACAGCTATGACCATGATTACGLC
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3. Feature of the nucleotide sequence:

Name

Slart

End

Deacipton

¥HI
Hinge
TH-CDEs
CHa

Z

R

EEENEEEE

s
pc:

2658
3054
3195
3267
2390

A5

Signai peptide

Light chain of scfe

Linker betwesn lghtchainand heavy chain
Heavy chain of scPy

Ch8s Ringe

Clida tranmembrans domaln

CO28 endodmaln

03 seta chain

4, Amino acid sequence of CD28 version CAR:

MEFGLEWLFLVAILKGVQUDIVMTOSHKFMSTSIGARVMTCKASQDRVRTAVA
WYQOKPGOSPRLIIYSASYRY TCVPBRETGRGEGTDEFIFTISSVOAEDLAVYYC
QOHYGTPPWIFGGGTKLEIKGEGGSGGGHSGHGHGSEVOLVESGGGLVYRPGEGS
LKLSCEASRYTFSSYAMSWVRQIPEKRLEWVAAISGGGRYTYYPDSMEGRETIS
EDNAKNFLYLOMSSLESEDTAMYYCARHYBOYLDYWGOQGTTLTVESTRITTIPA
PRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLBFACDIVIWAPLAGTCGVLL

SREADAPAYQUGUNQLYNELNLGRREEYDVLDEKRRGRDPEMGGKPRRKNPQE
GLYNELQEKDEKMATAYSEIGMEGERRRGEKGHBGLYQGLSTATRDTYDALHMQ

ALPPR

§. Feature of the amino acid sequence:

Start Ead Beseription
1 19 Single peptide
20 127 Light chain of seFv
128 142 Linker between Heht chain and heavy chatn
143 259 Heavy chain of sely
260 306 Hinge from CD8a
307 330 Transmembrane domain from CD8a
331 371 Intraceliular part of CD28
372 480 (D3 zeta chain
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2. BMNA sequence of the whole plasmid.
AAGCTTIGUTCTTAGGAGTTTCCTAATACATCCCAAACTCAAATATATAAAGCAT
TIGACTTOTTOTATGCCCTAGGOGGUOOGOGOGAAGITAAGT CAGCT'I TTTTTAALC
ATTTAAAATGTTAATICCATTTTAAATGCACAGATOITTTTATTITCATAAGGOTIT
CAATGTGCATGAATGUTGCAATATTICCTGTTACCAAAGCT A(ITATAAATAAA.&L\?
ACATAAACCOTGEAAATTACTTAGAGTTICTGTCATTAACGTTITCCTICCTCAGTYG
A(‘{\ AC ATAAATGCGC 'I‘GC TOAGCAAGCCAGTTTCCATCTOTCAGUGATCAATTTCC
CATTATGUCAGTCATATTAATTACTAGTCAATTAGTIGATTITEATTTTITGACATA
EN ’M ATGTGAATGAAACGACCCCACOCTOGTAGOTTTGGCAAGUTAGETTAAGTAACGE
CATTTTGOAAGGCATGOAAAAATACATAACTGAGAATAGAAAAGTTCAGATCAA
GOGTCAGGAACAGATGOAACACCTOGAATATCGUGCCAAACAGGATATCTETGOTAA
GCAGTTCCTGCLCLGGUTCAGGHUCAAGAALAGATGGAACAGUTGAATATERGEL
CAAACAGGATATCTOTGOTAAGCAGTTCOTGCLCLGGUTCAGQGCCAAGAACAG
ATGOTCCCCAGATGUGETCCAGCCCTCAGCAGTTICTAGAGAACCATCAGATEIT
TCCAGGOTGUCCLAAGGACCTGAAATGACOCTOGTGUUTTATTVGAACTAACCAAT
CAGITCOCTTOCTCGCTTICTGTITCOCGCGCTTATOUTCCCCGAGUTCAATAAAAGA
GCCCACAACCCOCTCACTCOGBUGUGLCAGTCCTCCHGAT l(;A(‘ 'GAGTCGCCCHGET
ACCOGTGTATCCAATAAACCCTCTTOCAGTTGCATCCGACTTGTOETETCGETGTT
CCTTOGOAGOGGTCTCCTCTGAGTCATTGACTACCCOTCAGCGGOGGGTCTTTCATT
TGOCGGGLTCOTCCOGGATOOGOGAGACTCCTUGCCCAGUGGACCACCOACCCACCAL
COGOAGGTAAGCTCGCCAGCAACTTATCTGTOTCTGTCCGATTGICTAGTGTICTA
TOACTOATTTTATOCGCCTGCGTCOGTACTAGTTAGCTAACTAGCTICTATATCTGG
COGACCOGT UCTGG AACTGACCGAGTTCGOAACACCCGGCCGUANACCCTGGGAGA
CGTCCCAGGOACTICGOGGRLCOTTITIGTGGUCCCACUTGAGTCCTAAAATCCC
CGATCOTTTAGGACTCTTITOGGTGCACCCCCCTTAGAGGAGGOATATGTGGTTCTGO
T AGGAGACGAGAACCTAAAACAGTTUCCGCCTCCOTUTGAATTITTIGUETICGOY
I'TGGGACCGAAGCCGUGCCGEGCGTCTITETCTGCTGCAGCATCGTTICTGTGITGT
CTCTOTOTGACTGTGTTICTGTATTTGTCTGAAAATATGGGCLCGGGCTAGLCTGT
TACCACTOCCCTTAAGTTTGACCTTAGGTCACTOGAAAGATGTOGAGCGGATCGCT
CAUAACCAGTEOGTAGATOTCAAGAAGAGACGTTGGGTTACCTTICTGCTCTGCAG
AATGCGCCAACCTTTAACGTCGOATOGUOCGCGAGACGOGCACCTTTAACCGAGACT
TCATCACCCAGGTTAAGATCAAGOTCTTITICACCTGGUCCGLATGGACACCC A(JA
CCAGGTGOGGOTACATCOTGACCTGOOAAGCCTTIGGCTITIGALCCCCCTCLC
OTCAAGCLCCTTTOTACACCCTAAGUCTCCGCCTCOTOTTCOTCCATCCOLCC C(x C
TCTCCCCCTTGAACCTOCTCHTTCGACCCUGLCTCOATOOTCCOTITATCCAGCCE
TCACTCOCTTCYTCTAGGCOGUCCCCATATGGCCATATOAGATCTTATATOGGGCACC
CCCGCLCCTTGTAAACTTICCCTGACCOCTGACATGACAAGAGTTACTAACAGCCCD
TCICTCCAAGUTCACTTACAGGOTCTCTACTTAGTICCAGCACGAAGTOTGGAGALD
CTCTGOUGGCAGCCTALCAAGAACAACTOOACLCGACCGOTGOTACCTCACCCTT
ACCOGAGTCOGOCUACACAGTETOGOTCCGLCGACACCAGACTAAGAACCTAGAALC
CTCOUTGOAAAGGACCTTACACAGTCCTGUTOACCACCCCCACCGUCCTCAAAGT
AGACGGCATCGUAGCTTGUGATACACGCCGCCCACOTOAAGGCTCCLCGACCCCGG
GGOGTGGACCATCCTCTAGACTGCCATOGAATIC G GCOTCAGCTGOCTGTTCCTG
TOGOCCATCCTCGAAGGGCGTOCAGTGUGACATIGTOATOCACCCAGTUTCACAAATT
CATOTOCACATCAATTOGAGCCAGGGTCAGCATCACCTGCAAGGCCAGTCAGGA
TEHEAGAACTOCTGTAGCOTGGTATCAACAGAAACCAGGCCAGTCTCCTAAACTA
CTAATTTACTCGGCATCCTACCGOTACACTOCAGTCOCTGATCGCTTCACTGGCA
COTGOATCTOGUGACGOATTTCACTTTCACCATCACGCAGTOTGCAGGCTGAAGACCT
GOGCAGTTTATTACTGTCAGCAACATTATGGTACTOUTCCGTGEALCGTTCGHETEGA
GOCACCAAGUTGEOAAATCAAAGOUGGCGUAGOATCTGGCGGAUGBCGRAAGTGA
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CGGAGGOGGGCTCTGAA {}TC CAGCTGOGTOOAGTCTOGOOGGAGGUTTAGTGAAGCCT
TGOAGGGTCCCTGAAACTCTCOTGTGAAGCUTCTAGATTICACTTTCAGTAGCTAT
GCCATGTCTTGGG TTCGCCACACTCCGGAGAAGAGGCTUGAGTGGGTQCCAGLC
ATTAGTGGAGGTGETACGTACACUTACTATCCAGACAGTATGAAGGGETCGATTIC
ACCATCTCCAGAGACAATGCCAAGAATTTCCTOTACUTGCAAATGAGCAGTCTGA.
GGTCTGAGGACACGGCCATGTATTACTETGCAAGACACTATGATGGITATCTITGA
TACTGOGUCCAAGGCACCACTOTCACAGTCTCCTCAACGUGTACCACGALGLCA
GUGCCGCOACCACCAALCACCOGUGCCCACCATOOGCHTCOCAGLLOCTIG LTl
GCOCACAGGCGTHCCEGLCAGCGLUGGRGRGLGBLAGTALACACGAGGOBOCTG
GACTTCELC MGTGATATC T ACATOTGGGCGCCCTTGGCCGGGACTTOTGHGETCS
TCTCCTETCACTGET CACCCTTTACTGCAAACGGGGLAGAAAGAAALCTCCT
GTATATATICAAAL f’&r’%( CA TTTATGAGACCAGTACAAACTACTCAAGAGGAAGA
TGGUTGTAGLTOCUGATTTCCAGAAGAATAAGAACGGAGGATGTOAACTGAGAGT
GAAGTTCAGCAGUAGUGCAGACGCCCCCGELGTACCAGCAGGGCCAGAACCAGCT
CTATAACCGAGCTCAATCTAGGACGAAGAGACGAGTACCGATETTTTOGACAAGAG
ACGTOOCCGAGACCUTOAGATOOGOLGAAAGCCGAGAAGGAAGAACCOTOAGH
‘\ AGGUCTGTACAATOAACTOGCAGAAAGATAAGATGGCOGGAGHCCTACAGTOAGA
TTGGGATGAAAGGUGAGCGUCOGAGGOGUCAAGGGGCACGATGGCCTTTACCAGS
GTC"{C AGTACAGUCACCAAGGACACCTACGACGCCCTTCACATGCAGGUCCTGLC
COCTOGUTAAGCATACACCTOGAGATCGATCCGGATTAGTCCAATTTGTTAAAGA
CAGGATATCAGTCGGTCCAGGCTCTAGTTTTCACTCAACAATATCACCAGUTGAAG
CCTATAGAGTACGAGCCATAGATAAAATAAAAGATTTTATTITAGTCTICCAGAAAA
AGOGOGGAATGAAAGACCCCACCTGTAGGTTTGGCAAGUTAGCTTAAGTAALGE
CATTITGCAAGGCATGGAAAAATACATAACTCAGAATAGAGAAGTTCAGATCAA
GGTCAGGAACAGATGUAACAGTTGAATATGOUUCAAMACAGGATATCTGTGETAA
GCAGTTCOTGCCCOGGCTCAGOGCCAAGAACAGATGGAACAGUTGAATATGGOL
CAAACAGGATATCTGTOGTAAGCAGTTCCTGUCCCGOGCTCAGOGGCCAAGAACAG
ATGOTCCCCAGATECAGTCCAGUCCTCAGCAGTTITCTAGAGAACCATCAGATGTT
TCCAGGOTGCCCCAAGGACCTGAAATOACCOTOTGCOT TATT TGAACTAACCAAT
CAGITCGCTTOCTCGOTICTGTTCGCGCGCTTCTGUTCCCCOGAGCTCAATAAAAGAG
COCACAACCCOTCACTCGGGGUOGCCAGTCCTCOOATTGACTOAGTOGCCLGGOTA
CCCUTOTATCOAATAAACCOTICTIGUCAGTTIGCATCCOAOTIGTGGTCTCGLTOTIC
CTTGGGAGGOTCTCCTCTCGAGTCGATTGACTACCCOTCAGCGGGOUETCTTTCAC AL
ATGCAGUATGTATCAAAANTTAATTTOGTTITTITICTTAAGTATTITACATTAAATG
GUCAT: AGTAC'I"?}\A ’&GT\T.\"\C ATTGOUTTCCTTCAAATAAACATGOAGTATTCAGA
ATGTGTCATAAATATITCTAATTITAAGATAGTATCTCCATYGGCTTICTACTITTE
CTTTTATTETTTY i 1 (JTC CTCTGTCTTCCATTTGTTGTTGTIGTTGTTTGITIGTTTG
'I"ENT GTTGOTTOGTTOGTTAATTTITTTITAAAGATCCTACACTATAGTTCAAGETA
f&CMAT TAGCTACTCTCTAACCC X(_I{}GTGACC TTGAAGTCATGGGTAGCOTOGUTSG
TTFTAGCCTTCCCACATETANGATTACAGCGTATCAGCTATCATTITTOGOTATATIC
ATTGATTGATTGATTCGATETGTGTGTGTGTGATTIGTGTTTIGIGTOTGTGACTGTGA
AAATGTGTGTATGGOTGTOGTGTGAATOTOTGTATGTATGTGTGTETGTGAGTGTG
TETGIGTOTGTIGTECATGIETGTGTOTGTIGACTGTGTCTATGTGTATCACTETIGTG
TCTCTGTETGIGTOTGTGTOTGTGTCTETOTGTIGTGTGTOTTOTGAAAAAATATTC
TATGOTAGTGAGAGCCAACGETCOCGGLTCAGOETGTCAGOETTIGETTTTTOAGACAL
AGTCTTTCACTTAGCTTGGAATTCACTGGCCOTCGTTITTACAARCGTCOTGACTGGO
AAAACCCTGGCETTACCCAAUTTAATCOCUTTGCAGUACATCCCCOTTTCGCLCAD
CTOGCOTAATAGUGAAGAGOGUCCOCACCGATCGUCCTTICLCLAACAGTTGUGLAG
COTGAATGGUGAATGCCGCCTGATGUGGTATTTICTCOTTACGCATCTETGLOGT
ATTTCACACCGCATATOGTGCACTCTCAGTACAATCTGCTCTOGATOUCGCATAGTY
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TAAGCCAGCCCLGACACCCGCCAACACCCOGUTGALGCGLCCTGACGEGEUTTGTCT
GCTCCCGGCATCCGCTTACAGACAAGCTGTGACCHTCTCCGGGAGCTGCATGTGT
CAGAGOGTTTTCACCGTCATCACCGAAACCGOGCCGATCACGAAAGGGCCTCGTGAT
ACCGCUTATTTTTATAGGTTAATGTCATCATAATAATOGTTTCTTAGACGTCAGGTG
GCACTTTITCGGGGAAATGTGUGLGUGAACCCCTATTTGTTTATIITICTAAATACAT
TCAASTATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATT
GAAAAAGGAAGAGTATGAGTATTICAACATTTCCGTGTIC GCC CPPATICCCTTETTT
GL GGCATTITGCCTTCCTGTTTITGUTCACCCAGAAACGUTGGTGAAAGTAAAAG

ATGCTGAAGATCAGTTUGGTGCACGALTGGUTTACATCCAACTOUATCTCAACA
(5( GOTAAGATCCTTGAGAGTTTTCGCOCCOAAGAACCTTTTCCAATGATOAGCAC

TTTTAAAGTTCTCCTATGTGGUGCOGTATTATCCCGTATTOACGCCGGGCAAGAG
LAACTCGUTCOUCUCATACACTATICTCAGAATCGACTTGGTTGAGTACTCALCAG
TCACAGAAAAGCATOTTACGOATGGCATGACAGTAAGAGAATTATGCAGTGCTG
CCATAACCATCGAGTGATAACACTGCGOCCAACTTACTICTGACAACGATCGGAG
GACCGAAGGAGCTAACCGCTTITTTIGCACAACATGOOCCATCATGTAACTCCGCCT
TGATCGTTEGGAACCGGAGCTGAATGAAGCCATACCAAMACGACGAGUGTGACAL
CACGATOCCTOTAGEAATGOCAACAACOGTTGUGUAAACTATTAACTGOUGAACT
ACTTACTCTAGOTTCCCGGUAACAATTAATAGACTGGATGOAGGCGUGATAAAGTT
GCAGCACCACTTCTGUGCTCGGLOCTTICLGGC TGGC TOGTITATTGCTGATAAAT
CTOCAGCCGGTOAGCETOGHTUCTCOCGGTATCATTOCAGCACTOGGOCCAGATG
GTAAGCCCTCCCGTATCGTAGTTATCTACACGACGOGGAGTCAGGCAACTATGGA
TCAACGAAATAGACAGATCOGCTGAGATAGGTGCCTCACTOATTAAGCATTIGETA
ACTGTCAGACCAAGTTIACTCATATATACTITAGATIGATTIAAAACTICATTTIT
J\ATT’% AAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTICATGACCAAAATCCC
TTAACGTOAGTTTICGTICCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGA
TCTTCTTGAGATCCTTTTTTTCTGCGCOTAATCTGCTGCTTGUAAACAAAABAAALCC
ACCGCTACCAGCGGTGOTTTGTTTGCCGUATCAAGAGCTACCAACTCTTTTTCCG
AAGGTAACTCGUTTCAGUAGAGCGT A(rAi ACCAAATACTGTICCT Y(‘l AGTGTAGC
COTAGTTAGCGUCACCACTTCAAGAACTCTGTAGCACCGUCTACATACCTOGUTCT
GCTAATCCTGTTACCAGTOGGOTGUTGC CAGT( IGCGATAAGTCGTGTICTTACCGGG
TTGOACTCAAGACGATAGTTACCGUATAAGGCGUAGLGGTCGGGUTGAACGGGG
GGTTCOTGCACACAGCCCAGCTTICUAGCOAACGACCTACACCGAACTGAGATAC
CTACAGCGTGAGCATTGAGAAAGCGCCACGCTTCCCGAAGGUGAGAAAGGCGEAC
AGGTATCCOGTAAGCGHGUAGGGTCOGAACAGGAGAGCGCACGAGGGAGUTTCC
AGGOGGAAACGCCTGOTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTT
GAGCGTCGATTTITIGTCATGETCGTCAGGGGOGOGGAGCCTATOGAAAAALGCLT
AGCAACGCGGCCTTTTTACOGTTCCTIGOCCTIITGCTGGCOTTTTGCTCACATETY
CTTTCCTGCGTTATCCCCTCATTCTGTGCATAACCCGTATTACCGCCTITGAGTCAG
CTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTOGAGCGAGG
AAGCGGAAGAGUGCCCAATACGCAAACCGECTCTCCCCGCGUGTTGRCCOATTC
ATTAATGCAGCTGGCACGACAGOGTTTCCCGACTGGAAMAGC GGG(‘ ‘AG? GAG( GCA
ACGCAATTAATOTCGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTAT
GCTTCCOGGCTCGTA ’W(; TTOTAIGOGAATTGTOAGCGOATAACAA E’I CACACAGGA
AACAGCTATGACCATGATTACGCT




3. Feature of the nucleotide sequence:

e VL
M
W TMChga

i A-10E

=

AT

Sigral peptide

Lightehain of sefv

Linker betveeen light chaly ard hesery chain
Heawy thiain of sy

CO3s hyge

(T8 trangrembrane domain

4- 58 Intraoytoplausis doman

ChZeeta chaln

4. Amino acid sequence of 4-1-BB version CAR:
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MEFGLSWLFLVAILKGYOUCBIVMTOSHEKEMSTSIGARVSITCRASQDVRTAVA
WYQQKPGOSPRLLIVSASYRYTCVFDRETGSGSCTDNTRTISSVOQAEDLAVYYC
QOHYGTPPWIFCEGTKLRIKGOGUESCGOCSGHGESEVOLVESCGLLVEPGES
LXKUSCEASRFTFESYAMSWVROTPERRLEWVAAISGGGRYTYYPUSMKGRYTIS
RONAKNFLYLOMSSLRSEDTAMYYCARHYDOVLDYWGQGTTLTVSSTRTTTIPA
PREPTPAPTIASQPLELRPEACRPAAGGAVHTREGLDFACDIVIWAPLAGTUGVELL
LSLVITLY CERRGREKLLYIFKOQPFMRPVQTTOEEDGCRCRIPEEEEGGLRLRVK
FORSADAPAYOQGONQLYNELNLGRREEVRBVLDERRGEDVEMGGRPRRENPQ
BGLYNFLOKDEKMARAVSEIGMEKGERRRGKGHBGLYQGLSTATEKDTYDALEM

QALPPR

5. Feature of the amino acid sequence:

Start End Description
i i9 Single peptide
20 127 Light chain of scFy
128 142 Linker between Heht chainand heavy chain
143 259 {{eavy chain of seFv
260 306 Hinge from CD8a
3 330 Transmembrane domain from CDRa
33 372 Intracellular part of CD28
373 480 CO3zetachain
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SEKVENSLISTE

Sekvenslisten er udeladt af skriftet og kan hentes fra det Europeaeiske Patent Register.

The Sequence Listing was omitted from the document and can be downloaded from the European
Patent Register.

Sidste side
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