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GLYPICAN-3 SPECIFIC CHIMERIC ANTIGEN RECEPTORS FOR ADOPTIVE
IMMUNOTHERAPY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application Serial No.
62/055979, tiled September 26, 2014, which is incorporated by reference herein in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

[0002] This invention was made with government support under K12CA090433,
RO1CA173750, RO1ICA116548, and ROICA142636, all awarded by National Institutes of

Health. The government has certain rights in the invention.
TECHNICAL FIELD

[0003] The present disclosure concerns at least the fields of immunology, cell biology,

molecular biology, and medicine.
BACKGROUND OF THE INVENTION

[0004] Immunotherapy with antigen-specific T cells has shown promise in the treatment
of malignancies in preclinical models as well as in Phase I/II clinical studies. One attractive
strategy to generate tumor-specific T cells is by genetic modification with chimeric antigen
receptors (CARs), which comprise an extracellular antigen recognition domain, a transmembrane
domain, and an intracellular signaling domain derived from the T-cell receptor CD3-{ chain

often linked to costimulatory molecule endodomains.

[0005] There is a continued search for antigens expressed on cancer cells that are not
found on normal mature tissues. Glypican-3 (GPC3) is a member of the glypican family, a group
of heparan sulfate proteoglycans linked to the cell surface through a glycosyl-
phosphatidylinositol anchor. GPC3 is encoded on Xp26 and its defect causes Simson-Golabi-
Behmel syndrome Type 1. GPC3 is expressed in a wide variety of tissues during development,
but not in mature tissues because of suppression by DNA methylation within the promoter
region. GPC3 is detected on 100% of epithelial hepatoblastoma (HB), up to 100% of
hepatocellular carcinoma (HCC), 58% of embryonal sarcoma (ES) 100% of atypical teratoid
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rhabdoid tumors (ATRT), 38-75% of Wilms tumor (WT), 67% of malignant rhabdoid tumors
(RT), up to 100% of choriocarcinoma (CC) and up to 100% of yolk sac tumors (YST). Thus,

GP(C3 is an ideal immunotherapeutic target.
BRIEF SUMMARY OF THE INVENTION

[0006] The present embodiments are directed to methods and/or compositions for the
treatment of cancer. In particular cases, the disclosure concerns methods and/or compositions
for the treatment of cancers in which the cancer cells comprise GPC3, for example as a tumor
antigen. Although in certain aspects the cancer may be of any kind, in particular cases the cancer
is hepatoblastoma, hepatocellular carcinoma, malignant rhabdoid tumors, yok sac tumors,
undifferentiated sarcoma of the liver, liposarcoma, Wilm’s tumor, or choriocarcinoma. In
specific embodiments, the cancer comprises solid tumors. In at least some cases, the cancer is

not hepatocellular carcinoma.

[0007] In one aspect, provided herein are immune cells that express a GPC3-targeting
chimeric antigen receptor (CAR) wherein in at least specific embodiments the CAR does not
comprise an antigen targeting domain that is, or is derived from, antibodies 3E11, 2G9, 4G5,
3D8, or 2E10. In certain embodiments, the CAR comprises a single chain variable fragment
(scFv) specific for GPC3. In a more specific embodiment, the GPC3 CAR comprises an scFv
derived from antibody GC33. In another specific embodiment, the GPC3 CAR comprises an
scFv that comprises an amino acid sequence that is at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% identical to the sequence of SEQ ID NO:1. The GPC3 CAR
may be encoded by a polynucleotide sequence encoded by SEQ ID NO:2.

[0008] The GPC3-specific CARs described herein (which may be referred to as GPC3
CAR) may include one or more costimulatory endodomains, such as CD28, CD27, 4-1BB,
0X40, ICOS, or a combination thereof. The CAR may include one or more transmembrane
domains, such as one selected from the group consisting of CD3-zeta, CD28, CD8a, CD4, and a
combination thereof. In a specific embodiment, the CAR comprises a transmembrane domain

derived from CD28 and not from CDS.

[0009] In some embodiments, the GPC3-specific CAR provided herein comprises a
transmembrane domain selected from the group consisting of CD3-zeta, CD28, CD8a, CD4, or a

combination thereof. In a specific embodiment, the CAR comprises a transmembrane domain
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derived from CD28 and not from CDS§. In particular embodiments, the CAR comprises a co-
stimulatory molecule endodomain selected from the group consisting of CD28, CD27, 4-1BB,
0X40 ICOS, and a combination thereof. In another specific embodiment, the co-stimulatory
domain of the GPC3-specific CARs provided herein comprises a CD28 costimulatory domain. In
another specific embodiment, the co-stimulatory domain comprises a 4-1BB (CD137)
costimulatory domain. In another specific embodiment, the co-stimulatory domain comprises a

CD28 costimulatory domain and a 4-1BB costimulatory domain.

[0010] In another aspect, provided herein are immune cells expressing a GPC3-specific
CAR described herein. In certain embodiments, the immune cells are T cells, NK cells, dendritic
cells, NKT cells, or a mixture thereof. In specific embodiments in which the immune cells are T
cells, the T cells may be CD4+ T cells, CD8+ T cells, Treg cells, Th1 T cells, Th2 T cells, Th17
T cells, unspecific T cells, or a population of T cells that comprises a combination of any of the
foregoing. In certain other embodiments, the GPC3-specific CARs described herein are
expressed in other immune cells, including but not limited to, NK cells, NKT cells, Y0T cells, or
T cells that recognize specific antigens (e.g., viral or other tumor associated antigens) through to
their native T-cell receptor. The immune cells may harbor a polynucleotide that encodes the
CAR, and the polynucleotide may further comprise a suicide gene. In some embodiments, the
immune cells are one of T cells, Natural Killer (NK) cells, Natural Killer T (NKT) cells, y6-T
cells, Mucosa Associated Invariant T cells (MAIT cells), Innate lymphoid cells, dendritic cells,
or a mixture thereof. In addition, GPC3-CARs may be expressed in stem and/or progenitor cells
that are subsequently differentiated into the aforementioned immune cells. In certain aspects, T
cells redirected against GPC3 control the growth of GPC3-expressing cells, including cancer
cells, either in vitro or in vivo, e.g., in an individual having a cancer comprising tumor cells that

express GPC3. The cells are effective against multiple solid tumors, in particular embodiments.

[0011] As described in detail herein, the expression of GPC3 is well described in the
scientific literature in various types of cancer in extensive panel of tumor arrays and normal
tissues and in gene expression profiling datasets. Herein, GPC3 expression was validated in
exemplary tested tumor cell lines. A GPC3-specific CAR was generated that showed that when it
was expressed by T cells, hepatoblastoma, hepatocellular carcinoma and malignant rhabdoid
tumor (as an example) was effectively targeted in vitro, and antitumor activity was observed in

vitro and in vivo against hepatocellular carcinoma and malignant rhabdoid tumor, for example.
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Redirecting effector cells to GPC3 using CARs thus represents a robust platform to target

multiple types of solid tumors.

[0012] ] Because GPC3 protein is expressed by several types of tumors, this antigen is
an optimal target for adoptive T-cell immunotherapy based on GPC3-CAR-redirected T cells. In
addition, the lack of significant expression of GPC3 in normal tissues further highlights its

relevance for immunotherapy.

[0013] In another aspect, therefore, provided herein is a method of inhibiting
proliferation and/or activity of GPC3-positive cells, such as cancer cells, comprising the step of
contacting the cells with a therapeutically effective amount of immune cells that express a CAR
that targets GPC3 , e.g., a GPC3-specific CAR as provided herein, wherein the CAR does not
comprise an antigen targeting domain that is, or is derived from, antibodies 3E11, 2G9, 4G5,
3D8§, or 2E10. In certain embodiments, the cancer is hepatocellular carcinoma, a
hepatoblastoma, an embryonal sarcoma, a rhabdoid tumor, a Wilm’s tumor, a squamous cell
carcinoma of the lung, a liposarcoma, yolk sac tumor, choriocarcinoma, a breast carcinoma, a
head and neck squamous cell carcinoma (HNSCC), or mesothelioma. In certain embodiments,
the cancer is a GPC3-expressing cancer that is not melanoma. In certain embodiments, the
cancer is a GPC3-expressing cancer that is not hepatocellular carcinoma. In some embodiments,
the contacting is performed in vitro, in cell culture, or in vivo. In particular cases, the contacting
is performed in vivo, and the immune cells are cells in an individual, such as T cells. In
particular cases, the immune cells are autologous or allogeneic to the individual. In a related
aspect, provided herein is a method of treating an individual who has a GPC3-expressing cancer,
comprising administering to the individual a therapeutically-effective amount of immune cells

that express a GPC3-specific CAR, e.g., a GPC3-specific CAR as described herein.

[0014] In particular embodiments of the methods, the immune cells are T cells, NK cells,
dendritic cells, NKT cells, MAIT cells, y0-T cells, or a mixture thereof. The T cells may be
CD4+ T cells, CD8+ T cells, or Treg cells, Th1 T cells, Th2 T cells, Th17 T cells, unspecific T
cells, or a population of T cells that comprises a combination of any of the foregoing. In certain
other embodiments, the GLC3-specific CARs provided herein are expressed in other immune
cells, including but not limited to, NK cells, NKT cells, YOT cells, or T cells that recognize

specific antigens (e.g., viral or other tumor associated antigens) through to their native T-cell
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receptor. The immune cells may harbor a polynucleotide that encodes the CAR, and the

polynucleotide may further comprise a suicide gene.

[0015] In certain embodiments, GPC3-specific CARs transmit signals to activate immune
cells through CD3zeta, CD28, and/or 4-1BB pathways, although the intracellular CAR domain

could be readily modified to include other signaling moieties.

[0016] In specific methods of the disclosure, an individual who has received GPC3-
CAR-expressing immune cells, is receiving, or will receive an additional cancer treatment, such
as chemotherapy, immunotherapy, radiation, surgery, hormone therapy, or a combination

thereof.

[0017] Additional features and advantages of the invention will be described hereinafter
which form the subject of the claims of the invention. It should be appreciated by those skilled
in the art that the conception and specific embodiment disclosed may be readily utilized as a
basis for modifying or designing other structures for carrying out the same purposes of the
present invention. It should also be realized by those skilled in the art that such equivalent
constructions do not depart from the spirit and scope of the invention as set forth in the appended
claims. The novel features which are believed to be characteristic of the invention, both as to its
organization and method of operation, together with further objects and advantages will be better
understood from the following description when considered in connection with the
accompanying figures. It is to be expressly understood, however, that each of the figures is
provided for the purpose of illustration and description only and is not intended as a definition of

the limits of the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0018] For a more complete understanding of the present invention, reference is now
made to the following descriptions taken in conjunction with the accompanying drawing, in

which:
[0019] FIG. 1 shows the structure of GPC3;

[0020] FIG. 2 illustrates the design of certain GPC3 specific CARs: GPC3-specific scFv
was linked with hinge and CD28 transmembrane domain to intracellular signaling endodomains

combinations as indicated;
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[0021] FIG. 3 shows GPC3-CAR expression of T cells: All GPC3-CARs (Gz, G28z,
GBBz and G28BBz as shown in FIG. 2) were highly expressed on T cells as detected by FACS

analysis. NT: non-transduced T cells;

[0022] FIG. 4 demonstrates cytotoxicity of GPC3-CAR T cells: % of killing based on
Cr’! release is shown at indicated effector to target ratios for GPC3-CAR T cells and non-
transduced T cells. NT: non-transduced T cell. GPC3P* targets: HepG2, HUH7 and Hep3B.
GPC3™¢ target A549;

[0023] FIG. 5 shows IFNy release of GPC3-CAR T cells: IFNy levels in pg/ml are shown
of GPC3-CAR T cells after 24 hrs co-culture with GPC3P* and GPC3"*® targets. NT: non-
transduced T cell. GPC3"® targets: HepG2, HUH7 and Hep3B. GPC3"** target A549;

[0024] FIG. 6 shows FACS analysis with a panel of cell lines expressing GPC3-CARs;

[0025] FIGS. 7A-7C. FIG. 7A illustrates a variety of representative expression cassettes
tor GPC3-CARs. GPC3-specific scFv was linked with hinge and CD28 transmembrane domain
to intracellular signaling endodomains combinations as indicated. FIG. 7B shows a
representative FACS plot for T cells expressing the respective different expression cassettes.

FIG. 7C demonstrates CAR expressions of cells from multiple donors;

[0026] FIGS. 8A-8E demonstrates cytotoxicity for a variety of GPC3-CAR T cells that
killed a variety of GPC3-expressing cells (HepG2 in FIG. 8A; HUH7 in FIG. 8B; Hep3B in FIG.
8C; G401 in FIG. 8D; and G401 in FIG. 8D) but not the control cells that lack expression of
GPC3 (8E; A549);

[0027] FIGS. 9A-9C show that GPC3-CAR T cells proliferate upon exposure to GPC3*
cells. FIG. 9A show the absolute number of GPC3-CAR T cells. FIG. 9B shows the CESE
dilution of GPC3-CAR T cells 3 days post simulation. FIG. 9C demonstrates 7-AAD staining on

day 4 post stimulation;

[0028] FIGS. 10A-100 demonstrate secretion of cytokines by the GPC3-CAR T cells in
the presence of GPC3P* cells. FIGS. 10A, 10B, 10C, 10D and 10E show results for secretion of
IL-2 upon co-culture of the T cells with HepG2 cells (10A); HUH7 cells (10B); Hep3B cells
(10C); G401 cells (10D); and and control A549 cells (10E). FIGS. 10F, 10G, 10H, 101, and 10J
show results for secretion of IL10 in the presence of HepG2 cells (10F); HUH7 cells (10G);
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Hep3B cells (10H); G401 (10I) and control A549 cells (10J). FIGS. 10K, 10L, 10M, 10N, and
100 show results for secretion of IFNY in the presence of HepG2 cells (10K); HUH7 cells (10L);
Hep3B cells (10M); G401 (10N) and control A549 cells (100)

[0029] FIGS. 11A and 11B demonstrate that GPC3-CAR T cells expand after adoptive
transfer in vivo, as shown by bioluminescence imaging (FIG. 11A) and its quantitation (FIG.

11B).

[0030] FIGS. 12A-12C show that GPC3-CAR T cells have antitumor activity in
exemplary xenografts in vivo. FIG. 12A demonstrates bioluminescence over time and its

quantitation is shown in FIG. 12B; FIG. 12C shows percent survival.

[0031] FIGS. 13A-13C also show that GPC3-CAR T cells have antitumor activity in
exemplary xenografts in vivo. Using a smaller dose of the GPC3-CAR T cells in comparison to
FIGS. 12A-12C, FIG. 13 A demonstrates bioluminescence over time and its quantitation is shown

in FIG. 13B; FIG. 13C shows percent survival.

[0032] FIGS. 14A-14C show that GPC3-CAR T cells have antitumor activity in second
exemplary xenograft model in vivo. 14A demonstrates administration schedule and
bioluminescence over time with its quantitation is shown in FIG. 14B; FIG. 14C shows percent

survival.

[0033] FIG. 15. Generation of GPC3 CAR NKT cells. NKTs were isolated from PBMC
of 3 healthy donors, stimulated with aGalCer, transduced with GC33.CD28.4-1BB.Z CAR
retroviral vector, and expanded in culture with IL-2 for 7 days. The resulting cells were analyzed

by FACS using 6B11 (iNKT TCR), anti-CD3, and anti-CAR mAbs
DETAILED DESCRIPTION OF THE INVENTION

[0034] As used herein the specification, "a" or "an" may mean one or more. As used
herein in the claim(s), when used in conjunction with the word "comprising”, the words "a" or
"an" may mean one or more than one. As used herein “another” may mean at least a second or
more. In specific embodiments, aspects of the subject matter may “consist essentially of”” or
“consist of” one or more elements or steps of the subject matter, for example. Some

embodiments of the subject matter may consist of or consist essentially of one or more elements,

method steps, and/or methods of the subject matter. It is contemplated that any method or
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composition described herein can be implemented with respect to any other method or

composition described herein.

[0035] Adoptive transfer of CAR-redirected T lymphocytes represents a useful therapy
for patients with malignancies. Here the applicability of this strategy is extended to a broad array
of solid tumors by targeting the GPC3 antigen. Particular aspects of the disclosure include
methods of treating GPC3-expressing cancers. The cancers may be of any kind, including liver,
testicular, lung, ovarian, head and neck cancer, mesothelioma, breast, glioblastoma, kidney,
brain, skin, colon, prostate, pancreatic, cervical, thyroid, spleen, or bone cancer, for example. In
particular cases, the cancer is hepatoblastoma, hepatocellular carcinoma, malignant rhabdoid
tumors, yok sac tumors, undifferentiated sarcoma of the liver, liposarcoma, Wilm’s tumor, or
choriocarcinoma, although in specific cases the cancer is not hepatocellular carcinoma. In

specific embodiments of the disclosure, a particular scFv for GPC3 is employed.

[0036] Indicia of successful treatment could be, e.g., detectable reduction in the growth
of a tumor (e.g., as seen by MRI or the like), or reduction in one or more symptoms of a cancer

or other medical condition that expresses GPC3, including aberrantly expresses GPC3.

[0037] GPC3 may also be referred to as OCI-5, SDYS, GTR2-2, SGB, SGBS, SGBSI,
MXR7, or DGSX, for example. An example of a GPC3 human nucleotide sequence is L47125
in GenBank® (with corresponding protein sequence in AAA98132 of GenBank®).

I Chimeric Antigen Receptors

[0038] Genetic engineering of human lymphocytes or other immune cells 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. Moreover, these transgenic receptors can be directed to tumor-
associated antigens that are not protein-derived. In certain embodiments of the disclosure there
are cytotoxic T lymphocytes (CTLs) that are modified to comprise a CAR that targets GPC3. In
specific embodiments the GPC3 CARs do not include scFvs derived from 3E11, 2G9, 4GS, 3D8,
or 2E10. In particular embodiments the scFV is GC33, and in certain embodiments the scFv

comprises SEQ ID NO:1.
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[0039] In particular cases, immune cells include a CAR receptor that is chimeric, non-
natural and engineered at least in part by the hand of man. In particular cases, the engineered
chimeric antigen receptor (CAR) has one, two, three, four, or more components, and in some
embodiments the one or more components facilitate targeting or binding of the T lymphocyte to
the GPC3 -comprising cancer cell. In specific embodiments, the CAR comprises an antibody for
GPC3, part or all of a cytoplasmic signaling domain, and/or part or all of one or more co-
stimulatory molecules, for example endodomains of co-stimulatory molecules. In specific

embodiments, the antibody is a scFv.

[0040] In certain embodiments, a cytoplasmic signaling domain, such as those derived
from the T cell receptor zeta-chain, is employed as at least part of the chimeric receptor in order
to produce stimulatory signals for T lymphocyte proliferation and effector function following
engagement of the chimeric receptor with the target antigen. Examples would include, but are
not limited to, endodomains from co-stimulatory molecules such as CD28, CD27, 4-1BB, ICOS,
0X40, a combination thereof, or the signaling components of cytokine receptors such as IL7 and
IL15. In particular embodiments, co-stimulatory molecules are employed to enhance the
activation, proliferation, and cytotoxicity of T cells produced by the GPC3 CAR after antigen
engagement. In specific embodiments, the co-stimulatory molecules are CD28, OX40, and 4-

1BB, for example.

[0041] The CAR may be first generation, second generation, or third generation (CAR in
which signaling is provided by CD3( together with co-stimulation provided by CD28 and a
tumor necrosis factor receptor (TNFR), such as 4-1BB or OX40), for example. The CAR may
be specific for GPC3, and in some embodiments a GPC3-specific CAR-expressing cell may also
express a second CAR targeting another antigen, including one or more CARs specific for CD19,
CD20, CD22, Kappa or light chain, CD30, CD33, CD123, CD38, ROR1, ErbB2, ErbB3/4,
EGFR vIII, carcinoembryonic antigen, EGP2, EGP40, mesothelin, TAG72, PSMA, NKG2D
ligands, B7-H6, IL-13 receptor a2, IL-11 receptor R a, MUC1, MUC16, CA9, GD2, GD3,
HMW-MAA, CDI171, Lewis Y, G250/CAIX, HLA-AI MAGE Al, HLA-A2 NY-ESO-1, PSCI,
folate receptor- o, CD44v7/8, 8H9, NCAM, VEGEF receptors, 5T4, Fetal AchR, NKG2D ligands,
HER2, BCMA, or CD44v6, or other tumor-associated antigens or actionable mutations that are
identified through genomic analysis and or differential expression studies of tumors, for

example.
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[0042] In particular cases the CAR is specific for GPC3, and in certain embodiments, the
present disclosure provides chimeric T cells specific for GPC3 by joining an extracellular
antigen-binding domain derived from a GPC3-specific antibody to cytoplasmic signaling
domains derived from the T-cell receptor C-chain, optionally with the endodomains of the
exemplary costimulatory molecules CD28 and OX40, for examples. This CAR is expressed in
human cells, including human T cells, and the targeting of GPC3-positive cancers is

encompassed herein.

[0043] An example of sequence for a scFv including the GC33 antibody is as follows

(where the underlined region is the leader sequence and the remaining sequence is the scFv):

MDWIWRILFLVGAATGAHSQVQLQQSGAELVRPGASVKLSCKASGYTFTDYEM
HWVKQTPVHGLKWIGALDPKTGDTAYSQKFKGKATLTADKSSSTAYMELRSLTSEDSA
VYYCTRFYSYTYWGQGTLVTVSAGGGGSGGGGSGGGGSDVVMTQTPLSLPVSLGDQA
SISCRSSQSLVHSNGNTYLHWYLQKPGQSPKLLIYKVSNRFSGVPDRFSGSGSGTDFTLKI
SRVEAEDLGVYFCSQNTHVPPTFGSGTKLEIK (SEQ ID NO:1)

[0044] A scFv sequence without the leader sequence is as follows:

QVQLQQSGAELVRPGASVKLSCKASGYTFTDYEMHW VKQTPVHGLKWIGA
LDPKTGDTAYSQKFKGKATLTADKSSSTAYMELRSLTSEDSAVYYCTRFYSYTYWGQG
TLVTVSAGGGGSGGGGSGGGGSDVVMTQTPLSLPVSLGDQASISCRSSQSLVHSNGNTY
LHWYLQKPGQSPKLLIYKVSNRFSGVPDRFSGSGSGTDFTLKISRVEAEDLGVYFCSQNT
HVPPTFGSGTKLEIK (SEQ ID NO:24)

[0045] The nucleotide sequence for the scFv with the leader is as follows (where the

underlined region encodes the leader sequence and the remaining sequence encodes the scFv):

ATGGATTGGATTTGGCGCATTCTGTTTCTGGTGGGAGCCGCAACCGGAGC
ACATAGTCAGGTCCAGCTGCAGCAGTCAGGAGCCGAACTGGTGCGGCCCGGCGCAA
GTGTCAAACTGTCATGCAAGGCCAGCGGGTATACCTTCACAGACTACGAGATGCACT
GGGTGAAACAGACCCCTGTGCACGGCCTGAAGTGGATCGGCGCTCTGGACCCAAAA
ACCGGGGATACAGCATATTCCCAGAAGTTTAAAGGAAAGGCCACTCTGACCGCTGA
CAAGAGCTCCTCTACTGCCTACATGGAGCTGAGGAGCCTGACATCCGAAGATAGCG
CCGTGTACTATTGCACCCGCTTCTACTCCTATACATACTGGGGCCAGGGGACTCTGG

10



WO 2016/049459 PCT/US2015/052227

TGACCGTCTCTGCAGGAGGAGGAGGCTCTGGAGGAGGAGGGAGTGGAGGCGGGGG
AAGCGACGTGGTCATGACACAGACTCCACTGTCCCTGCCCGTGAGCCTGGGCGATC
AGGCTAGCATTTCCTGTCGAAGTTCACAGAGTCTGGTGCACTCAAACGGAAATACCT
ATCTGCATTGGTACCTGCAGAAGCCAGGCCAGTCTCCCAAACTGCTGATCTATAAGG
TGAGCAACCGGTTCTCCGGGGTCCCTGACAGATTTTCTGGAAGTGGCTCAGGGACAG
ATTTCACTCTGAAAATTAGCAGAGTGGAGGCCGAAGATCTGGGCGTCTACTTTTGTA
GCCAGAATACCCACGTCCCACCAACATTCGGAAGCGGCACTAAACTGGAAATCAAG
(SEQ ID NO:2)

[0046] A scFv-encoding nucleotide sequence without the leader sequence is as follows:

CAGGTCCAGCTGCAGCAGTCAGGAGCCGAACTGGTGCGGCCCGGCGCAA
GTGTCAAACTGTCATGCAAGGCCAGCGGGTATACCTTCACAGACTACGAGATGCACT
GGGTGAAACAGACCCCTGTGCACGGCCTGAAGTGGATCGGCGCTCTGGACCCAAAA
ACCGGGGATACAGCATATTCCCAGAAGTTTAAAGGAAAGGCCACTCTGACCGCTGA
CAAGAGCTCCTCTACTGCCTACATGGAGCTGAGGAGCCTGACATCCGAAGATAGCG
CCGTGTACTATTGCACCCGCTTCTACTCCTATACATACTGGGGCCAGGGGACTCTGG
TGACCGTCTCTGCAGGAGGAGGAGGCTCTGGAGGAGGAGGGAGTGGAGGCGGGGG
AAGCGACGTGGTCATGACACAGACTCCACTGTCCCTGCCCGTGAGCCTGGGCGATC
AGGCTAGCATTTCCTGTCGAAGTTCACAGAGTCTGGTGCACTCAAACGGAAATACCT
ATCTGCATTGGTACCTGCAGAAGCCAGGCCAGTCTCCCAAACTGCTGATCTATAAGG
TGAGCAACCGGTTCTCCGGGGTCCCTGACAGATTTTCTGGAAGTGGCTCAGGGACAG
ATTTCACTCTGAAAATTAGCAGAGTGGAGGCCGAAGATCTGGGCGTCTACTTTTGTA
GCCAGAATACCCACGTCCCACCAACATTCGGAAGCGGCACTAAACTGGAAATCAAG
(SEQ ID NO:25)

[0047] An example of a GPC3 CAR having the CD28 transmembrane domain
(scFvGC33.SH.CD28TM.zeta CAR) is as follows (wherein the single underlined region is the

leader and where SH refers to short hinge and TM refers to transmembrane):

MDWIWRILFLVGAATGAHSQVQLQQSGAELVRPGASVKLSCKASGYTFTDY
EMHWVKQTPVHGLKWIGALDPKTGDTAYSQKFKGKATLTADKSSSTAYMELRSLTSE
DSAVYYCTRFYSYTYWGQGTLVTVSAGGGGSGGGGSGGGGSDVVMTQTPLSLPVSLG
DQASISCRSSQSLVHSNGNTYLHW YLQKPGQSPKLLIYKVSNRFSGVPDRFSGSGSGTDF
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TLKISRVEAEDLGVYFCSQNTHVPPTFGSGTKLEIKEPKSCDKTHTCPPCPDPKFWVLVV

VGGVLACYSLLVTVAFIIRVKFSRSADAPAYQOGONQLYNEINILGRREEYDVILDKRRG

RDPEMGGKPRRKNPOEGLYNELOQKDKMAEAYSEIGMKGERRRGKGHDGLYQGISTAT
KDTYDALHMQALPPR (SEQ ID NO:3)

[0048] In SEQ ID NO:3, the double underlined region is the zeta signaling domain;
EPKSCDKTHTCPPCP (SEQ ID NO:4) is the short hinge; the linker amino acids are DPK; and
the CD28 transmembrane domain is FWVLVVVGGVLACYSLLVTVAFII (SEQ ID NO:5).

[0049] A scFvGC33.SH.CD28TM.zeta CAR sequence that excludes the leader is as

follows:

QVQLQQSGAELVRPGASVKLSCKASGYTFTDYEMHW VKQTPVHGLKWIGA
LDPKTGDTAYSQKFKGKATLTADKSSSTAYMELRSLTSEDSAVYYCTRFYSYTYWGQG
TLVTVSAGGGGSGGGGSGGGGSDVVMTQTPLSLPVSLGDQASISCRSSQSLVHSNGNTY
LHWYLQKPGQSPKLLIYKVSNRFSGVPDRFSGSGSGTDFTLKISRVEAEDLGVYFCSQNT
HVPPTFGSGTKLEIKEPKSCDKTHTCPPCPDPKFWVLVVVGGVLACYSLLVTVAFIIRVK
ESRSADAPAYQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOQEGLYN

ELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR (SEQ
ID NO:26)

[0050] A corresponding nucleotide sequence for scFvGC33.SH.CD28TM.zeta CAR is as

follows (wherein the single underlined region is the leader):

ATGGATTGGATTTGGCGCATTCTGTTTCTGGTGGGAGCCGCAACCGGAGC
ACATAGTCAGGTCCAGCTGCAGCAGTCAGGAGCCGAACTGGTGCGGCCCGGCGCAA
GTGTCAAACTGTCATGCAAGGCCAGCGGGTATACCTTCACAGACTACGAGATGCACT
GGGTGAAACAGACCCCTGTGCACGGCCTGAAGTGGATCGGCGCTCTGGACCCAAAA
ACCGGGGATACAGCATATTCCCAGAAGTTTAAAGGAAAGGCCACTCTGACCGCTGA
CAAGAGCTCCTCTACTGCCTACATGGAGCTGAGGAGCCTGACATCCGAAGATAGCG
CCGTGTACTATTGCACCCGCTTCTACTCCTATACATACTGGGGCCAGGGGACTCTGG
TGACCGTCTCTGCAGGAGGAGGAGGCTCTGGAGGAGGAGGGAGTGGAGGCGGGGG
AAGCGACGTGGTCATGACACAGACTCCACTGTCCCTGCCCGTGAGCCTGGGCGATC
AGGCTAGCATTTCCTGTCGAAGTTCACAGAGTCTGGTGCACTCAAACGGAAATACCT
ATCTGCATTGGTACCTGCAGAAGCCAGGCCAGTCTCCCAAACTGCTGATCTATAAGG
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TGAGCAACCGGTTCTCCGGGGTCCCTGACAGATTTTCTGGAAGTGGCTCAGGGACAG
ATTTCACTCTGAAAATTAGCAGAGTGGAGGCCGAAGATCTGGGCGTCTACTTTTGTA
GCCAGAATACCCACGTCCCACCAACATTCGGAAGCGGCACTAAACTGGAAATCAAG
GAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCGGATCCGAAAGA
TCCCAAATTTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTTGCTA
GTAACAGTGGCCTTTATTATTAGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGC
GTACCAGCAGGGCCAGAACCAGCTCTATAACGAGCTCAATCTAGGACGAAGAGAGG
AGTACGATGTTTTGGACAAGAGACGCTGGCCGGGACCCTGAGATCGCGCGGGAAAGCCG
AGAAGGAAGAACCCTCAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAGATGG
CGGAGGCCTACAGTGAGATTGGGCATGAAAGGCGAGCGCCGGAGGCGCAAGGGGCA
CGATGGCCTTTACCAGGGCTCTCAGTACAGCCACCAAGGACACCTACGACGCCCTTCA
CATGCAGGCCCTGCCCCCTCGC (SEQ ID NO:6)

[0051] In SEQ ID NO:6, the double underlined region is the zeta signaling domain; the
short hinge region is
GAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCGGATCCGAAA
(SEQ ID NO:7); the linker region is GATCCCAAA (SEQ ID NO:8); and the CD28
transmembrane domain is
TTTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTTGCTAGTAACA
GTGGCCTTTATTATT (SEQ ID NO:9).

[0052] A scFvGC33.SH.CD28TM.zeta CAR polynucleotide sequence without the leader

is as follows:

CAGGTCCAGCTGCAGCAGTCAGGAGCCGAACTGGTGCGGCCCGGCGCAA
GTGTCAAACTGTCATGCAAGGCCAGCGGGTATACCTTCACAGACTACGAGATGCACT
GGGTGAAACAGACCCCTGTGCACGGCCTGAAGTGGATCGGCGCTCTGGACCCAAAA
ACCGGGGATACAGCATATTCCCAGAAGTTTAAAGGAAAGGCCACTCTGACCGCTGA
CAAGAGCTCCTCTACTGCCTACATGGAGCTGAGGAGCCTGACATCCGAAGATAGCG
CCGTGTACTATTGCACCCGCTTCTACTCCTATACATACTGGGGCCAGGGGACTCTGG
TGACCGTCTCTGCAGGAGGAGGAGGCTCTGGAGGAGGAGGGAGTGGAGGCGGGGG
AAGCGACGTGGTCATGACACAGACTCCACTGTCCCTGCCCGTGAGCCTGGGCGATC
AGGCTAGCATTTCCTGTCGAAGTTCACAGAGTCTGGTGCACTCAAACGGAAATACCT
ATCTGCATTGGTACCTGCAGAAGCCAGGCCAGTCTCCCAAACTGCTGATCTATAAGG
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TGAGCAACCGGTTCTCCGGGGTCCCTGACAGATTTTCTGGAAGTGGCTCAGGGACAG
ATTTCACTCTGAAAATTAGCAGAGTGGAGGCCGAAGATCTGGGCGTCTACTTTTGTA
GCCAGAATACCCACGTCCCACCAACATTCGGAAGCGGCACTAAACTGGAAATCAAG
GAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCGGATCCGAAAGA
TCCCAAATTTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTTGCTA
GTAACAGTGGCCTTTATTATTAGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGC
GTACCAGCAGGGCCAGAACCAGCTCTATAACGAGCTCAATCTAGGACGAAGAGAGG
AGTACGATGTTTTGGACAAGAGACGCTGGCCGGGACCCTGAGATCGCGCGGGAAAGCCG
AGAAGGAAGAACCCTCAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAGATGG
CGGAGGCCTACAGTGAGATTGGGCATGAAAGGCGAGCGCCGGAGGCGCAAGGGGCA
CGATGGCCTTTACCAGGGCTCTCAGTACAGCCACCAAGGACACCTACGACGCCCTTCA
CATGCAGGCCCTGCCCCCTCGC (SEQ ID NO:27)

[0053] An example of a GPC3 CAR having the CD28 transmembrane and signaling
domain (scFvGC33.SH.CD28.zeta CAR) is as follows (wherein the single underlined region is
the leader):

MDWIWRILFLVGAATGAHSQVQLQQSGAELVRPGASVKLSCKASGYTFTDY
EMHWVKQTPVHGLKWIGALDPKTGDTAYSQKFKGKATLTADKSSSTAYMELRSLTSE
DSAVYYCTRFYSYTYWGQGTLVTVSAGGGGSGGGGSGGGGSDVVMTQTPLSLPVSLG
DQASISCRSSQSLVHSNGNTYLHW YLQKPGQSPKLLIYKVSNRFSGVPDRFSGSGSGTDF
TLKISRVEAEDLGVYFCSQNTHVPPTFGSGTKLEIKEPKSCDKTHTCPPCPDPKFWVLVV
VGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAA
YRSRVKFESRSADAPAYQOGONOLYNEILNLGRREEYDVIL.DKRRGRDPEMGGKPRRKNP
QEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPP
R (SEQ ID NO:10)

[0054] In SEQ ID NO:10, the double underlined region is the zeta signaling domain;
SEQ ID NO:4 is the short hinge; the linker amino acids are DPK; and the CD28 transmembrane
and signaling domain is
FWVLVVVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYA
PPRDFAAYRS (SEQ ID NO:11).
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[0055] A scFvGC33.SH.CD28.zeta CAR polypeptide sequence without the leader is as

follows:

QVQLQQSGAELVRPGASVKLSCKASGYTFTDYEMHW VKQTPVHGLKWIGA
LDPKTGDTAYSQKFKGKATLTADKSSSTAYMELRSLTSEDSAVYYCTRFYSYTYWGQG
TLVTVSAGGGGSGGGGSGGGGSDVVMTQTPLSLPVSLGDQASISCRSSQSLVHSNGNTY
LHWYLQKPGQSPKLLIYKVSNRFSGVPDRFSGSGSGTDFTLKISRVEAEDLGVYFCSQNT
HVPPTFGSGTKLEIKEPKSCDKTHTCPPCPDPKFWVLVVVGGVLACYSLLVTVAFIFWYV
RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQQGQ

NOLYNEINLGRREEYDVI.DKRRGRDPEMGGKPRRKNPOQEGLYNELQKDKMAEAYSEIL
GMKGERRRGKGHDGLYQGILSTATKDTYDALHMOQALPPR (SEQ ID NO:28)

[0056] A corresponding nucleotide sequence for scFvGC33.SH.CD28.zeta CAR is as

follows (where the single underlined region is the leader):

ATGGATTGGATTTGGCGCATTCTGTTTCTGGTGGGAGCCGCAACCGGAGC
ACATAGTCAGGTCCAGCTGCAGCAGTCAGGAGCCGAACTGGTGCGGCCCGGCGCAA
GTGTCAAACTGTCATGCAAGGCCAGCGGGTATACCTTCACAGACTACGAGATGCACT
GGGTGAAACAGACCCCTGTGCACGGCCTGAAGTGGATCGGCGCTCTGGACCCAAAA
ACCGGGGATACAGCATATTCCCAGAAGTTTAAAGGAAAGGCCACTCTGACCGCTGA
CAAGAGCTCCTCTACTGCCTACATGGAGCTGAGGAGCCTGACATCCGAAGATAGCG
CCGTGTACTATTGCACCCGCTTCTACTCCTATACATACTGGGGCCAGGGGACTCTGG
TGACCGTCTCTGCAGGAGGAGGAGGCTCTGGAGGAGGAGGGAGTGGAGGCGGGGG
AAGCGACGTGGTCATGACACAGACTCCACTGTCCCTGCCCGTGAGCCTGGGCGATC
AGGCTAGCATTTCCTGTCGAAGTTCACAGAGTCTGGTGCACTCAAACGGAAATACCT
ATCTGCATTGGTACCTGCAGAAGCCAGGCCAGTCTCCCAAACTGCTGATCTATAAGG
TGAGCAACCGGTTCTCCGGGGTCCCTGACAGATTTTCTGGAAGTGGCTCAGGGACAG
ATTTCACTCTGAAAATTAGCAGAGTGGAGGCCGAAGATCTGGGCGTCTACTTTTGTA
GCCAGAATACCCACGTCCCACCAACATTCGGAAGCGGCACTAAACTGGAAATCAAG
GAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCGGATCCGAAAGA
TCCCAAATTTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTTGCTA
GTAACAGTGGCCTTTATTATTTTCTGGGTGAGGAGTAAGAGGAGCAGGCTCCTGCAC
AGTGACTACATGAACATGACTCCCCGCCGCCCCGGGCCCACCCGCAAGCATTACCA
GCCCTATGCCCCACCACGCGACTTCGCAGCCTATCGCTCCAGAGTGAAGTTCAGCAG
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GAGCGCAGACGCCCCCGCGTACCAGCAGGGCCAGAACCAGCTCTATAACGAGCTCA
ATCTAGGACGAAGAGAGGAGTACGATGTTTTGGACAAGAGACGTGCGCCGGGACCCT
GAGATGCGCCGGAAAGCCGAGAAGGAAGAACCCTCAGGAAGGCCTGTACAATGAAC
TGCAGAAAGATAAGATGCGCCGGAGGCCTACAGTGAGATTGGGATGAAAGGCGAGCG

CCGGAGGGGCAAGGGGCACGATGGCCTTTACCAGGGTCTCAGTACAGCCACCAAGG
ACACCTACGACGCCCTTCACATGCAGGCCCTGCCCCCTCGC (SEQ ID NO:12)

[0057] In SEQ ID NO:12, the double underlined region is the zeta signaling domain;
SEQ ID NO:7 is the short hinge region; the linker region is SEQ ID NO:8; and the CD28
transmembrane and signaling domain is
TTTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTTGCTAGTAACA
GTGGCCTTTATTATTTTCTGGGTGAGGAGTAAGAGGAGCAGGCTCCTGCACAGTGAC
TACATGAACATGACTCCCCGCCGCCCCGGGCCCACCCGCAAGCATTACCAGCCCTAT
GCCCCACCACGCGACTTCGCAGCCTATCGCTCC (SEQ ID NO:13).

[0058] A scFvGC33.SH.CD28.zeta CAR polynucleotide sequence without the leader

sequence is as follows:

CAGGTCCAGCTGCAGCAGTCAGGAGCCGAACTGGTGCGGCCCGGCGCAA
GTGTCAAACTGTCATGCAAGGCCAGCGGGTATACCTTCACAGACTACGAGATGCACT
GGGTGAAACAGACCCCTGTGCACGGCCTGAAGTGGATCGGCGCTCTGGACCCAAAA
ACCGGGGATACAGCATATTCCCAGAAGTTTAAAGGAAAGGCCACTCTGACCGCTGA
CAAGAGCTCCTCTACTGCCTACATGGAGCTGAGGAGCCTGACATCCGAAGATAGCG
CCGTGTACTATTGCACCCGCTTCTACTCCTATACATACTGGGGCCAGGGGACTCTGG
TGACCGTCTCTGCAGGAGGAGGAGGCTCTGGAGGAGGAGGGAGTGGAGGCGGGGG
AAGCGACGTGGTCATGACACAGACTCCACTGTCCCTGCCCGTGAGCCTGGGCGATC
AGGCTAGCATTTCCTGTCGAAGTTCACAGAGTCTGGTGCACTCAAACGGAAATACCT
ATCTGCATTGGTACCTGCAGAAGCCAGGCCAGTCTCCCAAACTGCTGATCTATAAGG
TGAGCAACCGGTTCTCCGGGGTCCCTGACAGATTTTCTGGAAGTGGCTCAGGGACAG
ATTTCACTCTGAAAATTAGCAGAGTGGAGGCCGAAGATCTGGGCGTCTACTTTTGTA
GCCAGAATACCCACGTCCCACCAACATTCGGAAGCGGCACTAAACTGGAAATCAAG
GAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCGGATCCGAAAGA
TCCCAAATTTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTTGCTA
GTAACAGTGGCCTTTATTATTTTCTGGGTGAGGAGTAAGAGGAGCAGGCTCCTGCAC
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AGTGACTACATGAACATGACTCCCCGCCGCCCCGGGCCCACCCGCAAGCATTACCA
GCCCTATGCCCCACCACGCGACTTCGCAGCCTATCGCTCCAGAGTGAAGTTCAGCAG
GAGCGCAGACGCCCCCGCGTACCAGCAGGGCCAGAACCAGCTCTATAACGAGCTCA
ATCTAGGACGAAGAGAGGAGTACGATGTTTTGGACAAGAGACGTGCGCCGGGACCCT
GAGATGCGCCGGAAAGCCGAGAAGGAAGAACCCTCAGGAAGGCCTGTACAATGAAC
TGCAGAAAGATAAGATGCGCCGGAGGCCTACAGTGAGATTGCGGATGAAAGGCGAGCG
CCGGAGGCGGCAAGGGGCACGATGGCCTTTACCAGGGTCTCAGTACAGCCACCAAGG
ACACCTACGACGCCCTTCACATGCAGGCCCTGCCCCCTCGC (SEQ ID NO:29)

[0059] An example of a GPC3 CAR having the CD28 transmembrane domain and the
41BB endodomain (scFvGC33.SH.CD28TM.41BB.zeta CAR) is as follows (where the single

underlined region is the leader sequence):

MDWIWRILFLVGAATGAHSQVQLQQSGAELVRPGASVKLSCKASGYTFTDY
EMHWVKQTPVHGLKWIGALDPKTGDTAYSQKFKGKATLTADKSSSTAYMELRSLTSE
DSAVYYCTRFYSYTYWGQGTLVTVSAGGGGSGGGGSGGGGSDVVMTQTPLSLPVSLG
DQASISCRSSQSLVHSNGNTYLHW YLQKPGQSPKLLIYKVSNRFSGVPDRFSGSGSGTDF
TLKISRVEAEDLGV YFCSQNTHVPPTFGSGTKLEIKEPKSCDKTHTCPPCPDPKFWVLVV
VGGVLACYSLLVTVAFIIKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL
RVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEG
LYNELQKDKMAEA YSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
(SEQ ID NO: 14)

[0060] In SEQ ID NO:14, the double underlined region is the zeta signaling domain;
SEQ ID NO:4 is the short hinge; DPK is the linker amino acids; the CD28 transmembrane
domain is SEQ ID NO:5; and the 41BB endodomain is
KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL (SEQ ID NO:15).

[0061] A scFvGC33.SH.CD28TM.41BB.zeta CAR polypeptide sequence without the

leader is as follows:

QVQLQQSGAELVRPGASVKLSCKASGYTFTDYEMHW VKQTPVHGLKWIGA
LDPKTGDTAYSQKFKGKATLTADKSSSTAYMELRSLTSEDSAVYYCTRFYSYTYWGQG
TLVTVSAGGGGSGGGGSGGGGSDVVMTQTPLSLPVSLGDQASISCRSSQSLVHSNGNTY
LHWYLQKPGQSPKLLIYKVSNRFSGVPDRFSGSGSGTDFTLKISRVEAEDLGVYFCSQNT
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HVPPTFGSGTKLEIKEPKSCDKTHTCPPCPDPKFWVLVVVGGVLACYSLLVTVAFIIKRG
RKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOGONQL
YNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPOEGLYNELQKDKMAEAYSEIGMK
GERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR (SEQ ID NO:30)

[0062] A corresponding nucleotide sequence for scFvGC33.SH.CD28TM.41BB.zeta

CAR is as follows (where the single underlined is the leader sequence):

ATGGATTGGATTTGGCGCATTCTGTTTCTGGTGGGAGCCGCAACCGGAGC
ACATAGTCAGGTCCAGCTGCAGCAGTCAGGAGCCGAACTGGTGCGGCCCGGCGCAA
GTGTCAAACTGTCATGCAAGGCCAGCGGGTATACCTTCACAGACTACGAGATGCACT
GGGTGAAACAGACCCCTGTGCACGGCCTGAAGTGGATCGGCGCTCTGGACCCAAAA
ACCGGGGATACAGCATATTCCCAGAAGTTTAAAGGAAAGGCCACTCTGACCGCTGA
CAAGAGCTCCTCTACTGCCTACATGGAGCTGAGGAGCCTGACATCCGAAGATAGCG
CCGTGTACTATTGCACCCGCTTCTACTCCTATACATACTGGGGCCAGGGGACTCTGG
TGACCGTCTCTGCAGGAGGAGGAGGCTCTGGAGGAGGAGGGAGTGGAGGCGGGGG
AAGCGACGTGGTCATGACACAGACTCCACTGTCCCTGCCCGTGAGCCTGGGCGATC
AGGCTAGCATTTCCTGTCGAAGTTCACAGAGTCTGGTGCACTCAAACGGAAATACCT
ATCTGCATTGGTACCTGCAGAAGCCAGGCCAGTCTCCCAAACTGCTGATCTATAAGG
TGAGCAACCGGTTCTCCGGGGTCCCTGACAGATTTTCTGGAAGTGGCTCAGGGACAG
ATTTCACTCTGAAAATTAGCAGAGTGGAGGCCGAAGATCTGGGCGTCTACTTTTGTA
GCCAGAATACCCACGTCCCACCAACATTCGGAAGCGGCACTAAACTGGAAATCAAG
GAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCGGATCCGAAAGA
TCCCAAATTTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTTGCTA
GTAACAGTGGCCTTTATTATTAAACGGGGCAGAAAGAAACTCCTGTATATATTCAAA
CAACCATTTATGAGACCAGTACAAACTACTCAAGAGGAAGATGGCTGTAGCTGCCG
ATTTCCAGAAGAAGAAGAAGGAGGATGTGAACTGAGAGTGAAGTTCAGCAGGAGC
GCAGACGCCCCCGCGTACCAGCAGGGCCAGAACCAGCTCTATAACGAGCTCAATCT
AGGACGAAGAGAGGAGTACGATGTTTTGGACAAGAGACGTGGCCGCGGACCCTGAG
ATGGGGGCGCAAAGCCGAGAAGGAAGAACCCTCAGGAAGGCCTGTACAATGAACTGC
AGAAAGATAAGATGGCCGGAGGCCTACAGTGAGATTGCGATGAAAGGCGAGCGCCG
GAGGGGCAAGGGGCACGATGGCCTTTACCAGGGTCTCAGTACAGCCACCAAGGACA
CCTACGACGCCCTTCACATGCAGGCCCTGCCCCCTCGC (SEQ ID NO:16)
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[0063] In SEQ ID NO:16, the double underlined is the zeta signaling domain; the short
hinge region is SEQ ID NO:7; the linker amino acids are SEQ ID NO:§; the CD28
transmembrane domain is SEQ ID NO:9; and the 41BB endodomain is
AAACGGGGCAGAAAGAAACTCCTGTATATATTCAAACAACCATTTATGAGACCAGT
ACAAACTACTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAAG
GAGGATGTGAACTG (SEQ ID NO:17).

[0064] A scFvGC33.SH.CD28TM.41BB.zeta CAR polynucleotide sequence that

excludes the leader sequence is as follows:

CAGGTCCAGCTGCAGCAGTCAGGAGCCGAACTGGTGCGGCCCGGCGCAA
GTGTCAAACTGTCATGCAAGGCCAGCGGGTATACCTTCACAGACTACGAGATGCACT
GGGTGAAACAGACCCCTGTGCACGGCCTGAAGTGGATCGGCGCTCTGGACCCAAAA
ACCGGGGATACAGCATATTCCCAGAAGTTTAAAGGAAAGGCCACTCTGACCGCTGA
CAAGAGCTCCTCTACTGCCTACATGGAGCTGAGGAGCCTGACATCCGAAGATAGCG
CCGTGTACTATTGCACCCGCTTCTACTCCTATACATACTGGGGCCAGGGGACTCTGG
TGACCGTCTCTGCAGGAGGAGGAGGCTCTGGAGGAGGAGGGAGTGGAGGCGGGGG
AAGCGACGTGGTCATGACACAGACTCCACTGTCCCTGCCCGTGAGCCTGGGCGATC
AGGCTAGCATTTCCTGTCGAAGTTCACAGAGTCTGGTGCACTCAAACGGAAATACCT
ATCTGCATTGGTACCTGCAGAAGCCAGGCCAGTCTCCCAAACTGCTGATCTATAAGG
TGAGCAACCGGTTCTCCGGGGTCCCTGACAGATTTTCTGGAAGTGGCTCAGGGACAG
ATTTCACTCTGAAAATTAGCAGAGTGGAGGCCGAAGATCTGGGCGTCTACTTTTGTA
GCCAGAATACCCACGTCCCACCAACATTCGGAAGCGGCACTAAACTGGAAATCAAG
GAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCGGATCCGAAAGA
TCCCAAATTTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTTGCTA
GTAACAGTGGCCTTTATTATTAAACGGGGCAGAAAGAAACTCCTGTATATATTCAAA
CAACCATTTATGAGACCAGTACAAACTACTCAAGAGGAAGATGGCTGTAGCTGCCG
ATTTCCAGAAGAAGAAGAAGGAGGATGTGAACTGAGAGTGAAGTTCAGCAGGAGC
GCAGACGCCCCCGCGTACCAGCAGGGCCAGAACCAGCTCTATAACGAGCTCAATCT
AGGACGAAGAGAGGAGTACGATGTTTTGGACAAGAGACGTGGCCGCGGACCCTGAG
ATGGGGGCGCAAAGCCGAGAAGGAAGAACCCTCAGGAAGGCCTGTACAATGAACTGC
AGAAAGATAAGATGGCCGGAGGCCTACAGTGAGATTGCGATGAAAGGCGAGCGCCG
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GAGGGGCAAGGGGCACGATGGCCTTTACCAGGGCTCTCAGTACAGCCACCAAGGACA
CCTACGACGCCCTTCACATGCAGGCCCTGCCCCCTCGC (SEQ ID NO:31)

[0065] An example of a GPC3 CAR having the CD28 transmembrane and endodomain
and the 41BB endodomain (scFvGC33.SH.CD28.41BB.zeta CAR) is as follows (where the

single underlined region is the leader sequence):

MDWIWRILFLVGAATGAHSQVQLQQSGAELVRPGASVKLSCKASGYTFTDY
EMHWVKQTPVHGLKWIGALDPKTGDTAYSQKFKGKATLTADKSSSTAYMELRSLTSE
DSAVYYCTRFYSYTYWGQGTLVTVSAGGGGSGGGGSGGGGSDVVMTQTPLSLPVSLG
DQASISCRSSQSLVHSNGNTYLHW YLQKPGQSPKLLIYKVSNRFSGVPDRFSGSGSGTDF
TLKISRVEAEDLGVYFCSQNTHVPPTFGSGTKLEIKEPKSCDKTHTCPPCPDPKFWVLVV
VGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAA
YRSKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQ

QGONOQLYNEINLGRREEYDVILDKRRGRDPEMGGKPRRKNPOQEGLYNELQKDKMAEA
YSEIGMKGERRRGKGHDGILYOQGISTATKDTYDALHMOQALPPR (SEQ ID NO:18)

[0066] In SEQ ID NO:18, the zeta signaling domain is double underlined, the short hinge
region is SEQ ID NO:4; the CD28 transmembrane and endodomain is SEQ ID NO:11; the linker
amino acids are DPK; and the 41BB endodomain is SEQ ID NO:15.

[0067] A scFvGC33.SH.CD28.41BB.zeta CAR polypeptide sequence is as follows:

QVQLQQSGAELVRPGASVKLSCKASGYTFTDYEMHW VKQTPVHGLKWIGA
LDPKTGDTAYSQKFKGKATLTADKSSSTAYMELRSLTSEDSAVYYCTRFYSYTYWGQG
TLVTVSAGGGGSGGGGSGGGGSDVVMTQTPLSLPVSLGDQASISCRSSQSLVHSNGNTY
LHWYLQKPGQSPKLLIYKVSNRFSGVPDRFSGSGSGTDFTLKISRVEAEDLGVYFCSQNT
HVPPTFGSGTKLEIKEPKSCDKTHTCPPCPDPKFWVLVVVGGVLACYSLLVTVAFIIFWV
RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSKRGRKKLLYIFKQPFMRP
VQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQOGONQLYNEINI.GRREEYDV

LDKRRGRDPEMGGKPRRKNPOEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLY
QGLSTATKDTYDATLHMOQALPPR (SEQ ID NO:32)

[0068] A corresponding nucleotide sequence for scFvGC33.SH.CD28.41BB.zeta CAR is

as follows, wherein the single underlined region is the leader sequence:
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ATGGATTGGATTTGGCGCATTCTGTTTCTGGTGGGAGCCGCAACCGGAGC
ACATAGTCAGGTCCAGCTGCAGCAGTCAGGAGCCGAACTGGTGCGGCCCGGCGCAA
GTGTCAAACTGTCATGCAAGGCCAGCGGGTATACCTTCACAGACTACGAGATGCACT
GGGTGAAACAGACCCCTGTGCACGGCCTGAAGTGGATCGGCGCTCTGGACCCAAAA
ACCGGGGATACAGCATATTCCCAGAAGTTTAAAGGAAAGGCCACTCTGACCGCTGA
CAAGAGCTCCTCTACTGCCTACATGGAGCTGAGGAGCCTGACATCCGAAGATAGCG
CCGTGTACTATTGCACCCGCTTCTACTCCTATACATACTGGGGCCAGGGGACTCTGG
TGACCGTCTCTGCAGGAGGAGGAGGCTCTGGAGGAGGAGGGAGTGGAGGCGGGGG
AAGCGACGTGGTCATGACACAGACTCCACTGTCCCTGCCCGTGAGCCTGGGCGATC
AGGCTAGCATTTCCTGTCGAAGTTCACAGAGTCTGGTGCACTCAAACGGAAATACCT
ATCTGCATTGGTACCTGCAGAAGCCAGGCCAGTCTCCCAAACTGCTGATCTATAAGG
TGAGCAACCGGTTCTCCGGGGTCCCTGACAGATTTTCTGGAAGTGGCTCAGGGACAG
ATTTCACTCTGAAAATTAGCAGAGTGGAGGCCGAAGATCTGGGCGTCTACTTTTGTA
GCCAGAATACCCACGTCCCACCAACATTCGGAAGCGGCACTAAACTGGAAATCAAG
GAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCGGATCCGAAAGA
TCCCAAATTTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTTGCTA
GTAACAGTGGCCTTTATTATTTTCTGGGTGAGGAGTAAGAGGAGCAGGCTCCTGCAC
AGTGACTACATGAACATGACTCCCCGCCGCCCCGGGCCCACCCGCAAGCATTACCA
GCCCTATGCCCCACCACGCGACTTCGCAGCCTATCGCTCCAAACGGGGCAGAAAGA
AACTCCTGTATATATTCAAACAACCATTTATGAGACCAGTACAAACTACTCAAGAGG
AAGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGAACTGAGA
GTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTACCAGCAGGGCCAGAACCAGCT
CTATAACGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGTTTTGGACAAGAGAC
GTGGCCCGGACCCTGAGATCCGCGCGGAAAGCCGAGAAGGAAGAACCCTCAGGAAGG
CCTGTACAATGAACTGCAGAAAGATAAGATGCCGGCAGGCCTACAGTGAGATTGGGA
TGAAAGGCGAGCGCCGGAGGGCGCAAGGCGGCACGATGGCCTTTACCAGGGTCTCAGT
ACAGCCACCAAGGACACCTACGACGCCCTTCACATGCAGGCCCTGCCCCCTCGC
(SEQ ID NO:19).

[0069] In SEQ ID NO:19, the double underlined is the zeta signaling domain; the short
hinge region is SEQ ID NO:7; the linker region is SEQ ID NO:8; the CD28 transmembrane
domain and endodomain is SEQ ID NO:13; and the 41BB endodomain is SEQ ID NO:17.
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[0070] A scFvGC33.SH.CD28.41BB.zeta CAR polynucleotide sequence that excludes

the leader is as follows:

CAGGTCCAGCTGCAGCAGTCAGGAGCCGAACTGGTGCGGCCCGGCGCAA
GTGTCAAACTGTCATGCAAGGCCAGCGGGTATACCTTCACAGACTACGAGATGCACT
GGGTGAAACAGACCCCTGTGCACGGCCTGAAGTGGATCGGCGCTCTGGACCCAAAA
ACCGGGGATACAGCATATTCCCAGAAGTTTAAAGGAAAGGCCACTCTGACCGCTGA
CAAGAGCTCCTCTACTGCCTACATGGAGCTGAGGAGCCTGACATCCGAAGATAGCG
CCGTGTACTATTGCACCCGCTTCTACTCCTATACATACTGGGGCCAGGGGACTCTGG
TGACCGTCTCTGCAGGAGGAGGAGGCTCTGGAGGAGGAGGGAGTGGAGGCGGGGG
AAGCGACGTGGTCATGACACAGACTCCACTGTCCCTGCCCGTGAGCCTGGGCGATC
AGGCTAGCATTTCCTGTCGAAGTTCACAGAGTCTGGTGCACTCAAACGGAAATACCT
ATCTGCATTGGTACCTGCAGAAGCCAGGCCAGTCTCCCAAACTGCTGATCTATAAGG
TGAGCAACCGGTTCTCCGGGGTCCCTGACAGATTTTCTGGAAGTGGCTCAGGGACAG
ATTTCACTCTGAAAATTAGCAGAGTGGAGGCCGAAGATCTGGGCGTCTACTTTTGTA
GCCAGAATACCCACGTCCCACCAACATTCGGAAGCGGCACTAAACTGGAAATCAAG
GAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCGGATCCGAAAGA
TCCCAAATTTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTTGCTA
GTAACAGTGGCCTTTATTATTTTCTGGGTGAGGAGTAAGAGGAGCAGGCTCCTGCAC
AGTGACTACATGAACATGACTCCCCGCCGCCCCGGGCCCACCCGCAAGCATTACCA
GCCCTATGCCCCACCACGCGACTTCGCAGCCTATCGCTCCAAACGGGGCAGAAAGA
AACTCCTGTATATATTCAAACAACCATTTATGAGACCAGTACAAACTACTCAAGAGG
AAGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGAACTGAGA
GTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTACCAGCAGGGCCAGAACCAGCT
CTATAACGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGTTTTGGACAAGAGAC
GTGGCCGGGACCCTGAGATCCGGGGAAAGCCGAGAAGGAAGAACCCTCAGGAAGG
CCTGTACAATGAACTGCAGAAAGATAAGATGCCGGCAGGCCTACAGTGAGATTGGGA
TGAAAGGCGAGCGCCGCGAGGCGCAAGGCGGCACGATCGCCTTTACCAGGGTCTCAGT
ACAGCCACCAAGGACACCTACGACGCCCTTCACATGCAGGCCCTGCCCCCTCGC
(SEQ ID NO:33)

[0071] In particular embodiments, certain Vi and V1, sequences are employed in the

GC33 compositions of the disclosure, such as follows:
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Nucleotide sequences:
[0072] Vu

CAGGTCCAGCTGCAGCAGTCAGGAGCCGAACTGGTGCGGCCCGGCGCAA
GTGTCAAACTGTCATGCAAGGCCAGCGGGTATACCTTCACAGACTACGAGATGCACT
GGGTGAAACAGACCCCTGTGCACGGCCTGAAGTGGATCGGCGCTCTGGACCCAAAA
ACCGGGGATACAGCATATTCCCAGAAGTTTAAAGGAAAGGCCACTCTGACCGCTGA
CAAGAGCTCCTCTACTGCCTACATGGAGCTGAGGAGCCTGACATCCGAAGATAGCG
CCGTGTACTATTGCACCCGCTTCTACTCCTATACATACTGGGGCCAGGGGACTCTGG
TGACCGTCTCTGC (SEQ ID NO:20)

[0073] V1.

GACGTGGTCATGACACAGACTCCACTGTCCCTGCCCGTGAGCCTGGGCGA
TCAGGCTAGCATTTCCTGTCGAAGTTCACAGAGTCTGGTGCACTCAAACGGAAATAC
CTATCTGCATTGGTACCTGCAGAAGCCAGGCCAGTCTCCCAAACTGCTGATCTATAA
GGTGAGCAACCGGTTCTCCGGGGTCCCTGACAGATTTTCTGGAAGTGGCTCAGGGAC
AGATTTCACTCTGAAAATTAGCAGAGTGGAGGCCGAAGATCTGGGCGTCTACTTTTG
TAGCCAGAATACCCACGTCCCACCAACATTCGGAAGCGGCACTAAACTGGAAATCA
A (SEQ ID NO:21)

Amino acid sequences
[0074] Vyu

QVQLQQSGAELVRPGASVKLSCKASGYTFTDYEMHW VKQTPVHGLKWIGA
LDPKTGDTAYSQKFKGKATLTADKSSSTAYMELRSLTSEDSAVYYCTRFYSYTYWGQG
TLVTVSA (SEQ ID NO:22)

[0075] VL.

DVVMTQTPLSLPVSLGDQASISCRSSQSLVHSNGNTYLHWYLQKPGQSPKLL
ITYKVSNRFSGVPDRFSGSGSGTDFTLKISRVEAEDLGVYFCSQNTHVPPTFGSGTKLEIK
(SEQ ID NO:23)
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[0076] In specific embodiments, the GPC3-specific CAR comprises sequences that are
70,71,72,73,74,75,76,717,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, §9, 90, 91, 92, 93, 94, 95,
96, 97, 98, or 99% identical to at least one of SEQ ID NO:1, 2, 3,4,5,6,7,8,9, 10, 11, 12,
13,14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, or 33.

11. Cells

[0077] Cells of the disclosure include immune cells that express a GPC3 CAR. In
another aspect, provided herein are immune cells expressing a GPC3-specific CAR described
herein. In certain embodiments, the immune cells are T cells, NK cells, dendritic cells, NKT
cells, or a mixture thereof. In specific embodiments in which the immune cells are T cells, the T
cells may be CD4+ T cells, CD8+ T cells, Treg cells, Thl T cells, Th2 T cells, Th17 T cells,
unspecific T cells, or a population of T cells that comprises a combination of any of the
foregoing. In certain other embodiments, the GLC3-specific CARs described herein are
expressed in other immune cells, including but not limited to, NK cells, NKT cells, Y0T cells, or
T cells that recognize specific antigens (e.g., viral or other tumor associated antigens) through to

their native T-cell receptor.

[0078] As used herein, the terms “cell,” “cell line,” and “cell culture” may be used
interchangeably. All of these terms also include their progeny, which is any and all subsequent
generations. It is understood that all progeny may not be identical due to deliberate or
inadvertent mutations. In the context of expressing a heterologous nucleic acid sequence, “host
cell” refers to a eukaryotic cell that is capable of replicating a vector and/or expressing a
heterologous gene encoded by a vector. A host cell can, and has been, used as a recipient for
vectors. A host cell may be “transfected” or “transformed,” which refers to a process by which
exogenous nucleic acid is transferred or introduced into the host cell. A transformed cell
includes the primary subject cell and its progeny. As used herein, the terms "engineered" and
"recombinant” cells or host cells are intended to refer to a cell into which an exogenous nucleic
acid sequence, such as, for example, a vector, has been introduced. Therefore, recombinant cells
are distinguishable from naturally occurring cells which do not contain a recombinantly
introduced nucleic acid. In embodiments of the disclosure, a host cell is a T cell, including a
cytotoxic T cell (also known as TC, Cytotoxic T Lymphocyte, CTL, T-Killer cell, cytolytic T
cell, CD8+ T-cells or killer T cell); NK cells and NKT cells are also encompassed in the

disclosure.
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[0079] In certain embodiments, it is contemplated that RNAs or proteinaceous sequences
may be co expressed with other selected RNAs or proteinaceous sequences in the same cell, such
as the same CTL. Co-expression may be achieved by co-transfecting the CTL with two or more
distinct recombinant vectors. Alternatively, a single recombinant vector may be constructed to
include multiple distinct coding regions for RNAs, which could then be expressed in CTLs

transfected with the single vector.

[0080] Some vectors may employ control sequences that allow it to be replicated and/or
expressed in both prokaryotic and eukaryotic cells. One of skill in the art would further
understand the conditions under which to incubate all of the above described host cells to
maintain them and to permit replication of a vector. Also understood and known are techniques
and conditions that would allow large-scale production of vectors, as well as production of the

nucleic acids encoded by vectors and their cognate polypeptides, proteins, or peptides.

[0081] The cells can be autologous cells, syngeneic cells, allogenic cells and even in

some cases, xenogeneic cells.

[0082] In many situations one may wish to be able to kill the modified CTLs, where one
wishes to terminate the treatment, the cells become neoplastic, in research where the absence of
the cells after their presence is of interest, or other event, for example. For this purpose one can
provide for the expression of certain gene products in which one can kill the modified cells under
controlled conditions, such as inducible suicide genes. In certain embodiments, the suicide gene
is caspase-9 or HSV thymidine kinase, for example. An inducible suicide gene may be used to
reduce the risk of direct toxicity and/or uncontrolled proliferation, for example. In specific
aspects, the suicide gene is not immunogenic to the host harboring the polynucleotide or cell. A
certain example of a suicide gene that may be used is caspase-9 or caspase-8 or cytosine
deaminase. Caspase-9 can be activated using a specific chemical inducer of dimerization (CID),

for example. Thymidine kinase-based suicide systems may be utilized.

III.  Illustrative Exemplifications

[0083] ] By way of illustration, individuals with cancer or at risk for cancer (such as
having one or more risk factors) or suspected of having cancer may be treated as follows.
Effector lymphocytes such as CTLs modified as described herein may be administered to the

individual and retained for extended periods of time. The individual may receive one or more

25



WO 2016/049459 PCT/US2015/052227

administrations of the cells, and the administrations may or may not occur in conjunction with
one or more other cancer therapies. In some embodiments, the genetically modified cells are

encapsulated to inhibit immune recognition and placed at the site of the tumor.

[0084] In particular cases, an individual is provided with therapeutic CTLs modified to
comprise a CAR specific for GPC3 in addition to other types of therapeutic cells. The cells may
be delivered at the same time or at different times. The cells may be delivered in the same or
separate formulations. The cells may be provided to the individual in separate delivery routes.
The cells may be delivered by injection at a tumor site or intravenously or orally, for example.
The cells may be delivered systemically or locally. Routine delivery routes for such

compositions are known in the art.

1V. Introduction of Constructs into Immune Cells

[0085] Expression vectors that encode the GPC3 CARs can be introduced into cells such
as immune cells, including effector immune cells such as CTLs, as a DNA molecule or construct,
where there may be at least one marker that will allow for selection of host cells that contain the
construct(s). The constructs can be prepared in conventional ways, where the genes and
regulatory regions may be isolated, as appropriate, ligated, cloned in an appropriate cloning host,
analyzed by restriction or sequencing, or other convenient means. Particularly, using PCR,
individual fragments including all or portions of a functional unit may be isolated, where one or
more mutations may be introduced using "primer repair”, ligation, in vitro mutagenesis, efc., as
appropriate. The construct(s) once completed and demonstrated to have the appropriate
sequences may then be introduced into the CTL by any convenient means. The constructs may
be integrated and packaged into non-replicating, defective viral genomes like Adenovirus,
Adeno-associated virus (AAV), or Herpes simplex virus (HSV) or others, including retroviral
vectors, for infection or transduction into cells. The constructs may include viral sequences for
transfection, if desired. Alternatively, the construct may be introduced by fusion, electroporation,
biolistics, transfection, lipofection, or the like. The host cells may be grown and expanded in
culture before introduction of the construct(s), followed by the appropriate treatment for
introduction of the construct(s) and integration of the construct(s). The cells are then expanded
and screened by virtue of a marker present in the construct. Various markers that may be used

successfully include hprt, neomycin resistance, thymidine kinase, hygromycin resistance, etc.
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[0086] In some instances, one may have a target site for homologous recombination,
where it is desired that a construct be integrated at a particular locus. For example,) can knock-
out an endogenous gene and replace it (at the same locus or elsewhere) with the gene encoded
for by the construct using materials and methods as are known in the art for homologous
recombination. For homologous recombination, one may use either OMEGA or O-vectors. See,
for example, Thomas and Capecchi, Cell (1987) 51, 503-512; Mansour, et al., Nature (1988)
336, 348-352; and Joyner, et al., Nature (1989) 338, 153-156.

[0087] Vectors containing useful elements such as bacterial or yeast origins of
replication, selectable and/or amplifiable markers, promoter/enhancer elements for expression in
prokaryotes or eukaryotes, efc. that may be used to prepare stocks of construct DNAs and for

carrying out transfections are well known in the art, and many are commercially available.

V. Administration of Cells

[0088] The exemplary T cells that have been modified with the construct(s) are then
grown in culture under selective conditions and cells that are selected as having the construct
may then be expanded and further analyzed, using, for example; the polymerase chain reaction
for determining the presence of the construct in the host cells. Once the modified host cells have
been identified, they may then be used as planned, e.g. expanded in culture or introduced into a

host organism.

[0089] Depending upon the nature of the cells, the cells may be introduced into a host
organism, e.g. a mammal, in a wide variety of ways. The cells may be introduced at the site of
the tumor, in specific embodiments, although in alternative embodiments the cells hone to the
cancer or are modified to hone to the cancer. The number of cells that are employed will depend
upon a number of circumstances, the purpose for the introduction, the lifetime of the cells, the
protocol to be used, for example, the number of administrations, the ability of the cells to
multiply, the stability of the recombinant construct, and the like. The cells may be applied as a
dispersion, generally being injected at or near the site of interest. The cells may be in a

physiologically-acceptable medium.

[0090] The DNA introduction need not result in integration in every case. In some
situations, transient maintenance of the DNA introduced may be sufficient. In this way, one

could have a short term effect, where cells could be introduced into the host and then turned on
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after a predetermined time, for example, after the cells have been able to home to a particular

site.

[0091] The cells may be administered as desired. Depending upon the response desired,
the manner of administration, the life of the cells, the number of cells present, various protocols
may be employed. The number of administrations will depend upon the factors described above

at least in part.

[0092] It should be appreciated that the system is subject to many variables, such as the
cellular response to the ligand, the efficiency of expression and, as appropriate, the level of
secretion, the activity of the expression product, the particular need of the patient, which may
vary with time and circumstances, the rate of loss of the cellular activity as a result of loss of
cells or expression activity of individual cells, and the like. Therefore, it is expected that for each
individual patient, even if there were universal cells which could be administered to the
population at large, each patient would be monitored for the proper dosage for the individual,

and such practices of monitoring a patient are routine in the art

VI.  Nucleic Acid-Based Expression Systems

[0093] A polynucleotide encoding the GPC3 CAR and optionally a suicide gene may

comprise an expression vector

A. Vectors

[0094] The term “vector” is used to refer to a carrier nucleic acid molecule into which a
nucleic acid sequence can be inserted for introduction into a cell where it can be replicated. A
nucleic acid sequence can be “exogenous,” which means that it is foreign to the cell into which
the vector is being introduced or that the sequence is homologous to a sequence in the cell but in
a position within the host cell nucleic acid in which the sequence is ordinarily not found.
Vectors include plasmids, cosmids, viruses (bacteriophage, animal viruses, and plant viruses),
and artificial chromosomes (e.g., YACs). One of skill in the art would be well equipped to
construct a vector through standard recombinant techniques (see, for example, Maniatis ef al.,

1988 and Ausubel et al., 1994, both incorporated herein by reference).
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[0095] The term “expression vector” refers to any type of genetic construct comprising a
nucleic acid coding for a RNA capable of being transcribed. In some cases, RNA molecules are
then translated into a protein, polypeptide, or peptide. In other cases, these sequences are not
translated, for example, in the production of antisense molecules or ribozymes. Expression
vectors can contain a variety of “control sequences,” which refer to nucleic acid sequences
necessary for the transcription and possibly translation of an operably linked coding sequence in
a particular host cell. In addition to control sequences that govern transcription and translation,
vectors and expression vectors may contain nucleic acid sequences that serve other functions as

well and are described infra.

B. Promoters and Enhancers

[0096] A “promoter” is a control sequence that is a region of a nucleic acid sequence at
which initiation and rate of transcription are controlled. It may contain genetic elements at
which regulatory proteins and molecules may bind, such as RNA polymerase and other
transcription factors, to initiate the specific transcription a nucleic acid sequence. The phrases
“operatively positioned,” “operatively linked,” “under control,” and “under transcriptional
control” mean that a promoter is in a correct functional location and/or orientation in relation to a

nucleic acid sequence to control transcriptional initiation and/or expression of that sequence.

[0097] A promoter generally comprises a sequence that functions to position the start site
for RNA synthesis. The best known example of this is the TATA box, but in some promoters
lacking a TATA box, such as, for example, the promoter for the mammalian terminal
deoxynucleotidyl transferase gene and the promoter for the SV40 late genes, a discrete element
overlying the start site itself helps to fix the place of initiation. Additional promoter elements
regulate the frequency of transcriptional initiation. Typically, these are located in the region 30
110 bp upstream of the start site, although a number of promoters have been shown to contain
functional elements downstream of the start site as well. To bring a coding sequence "under the
control of" a promoter, one positions the 5’ end of the transcription initiation site of the
transcriptional reading frame "downstream" of (i.e., 3’ of) the chosen promoter. The "upstream"

promoter stimulates transcription of the DNA and promotes expression of the encoded RNA.

[0098] The spacing between promoter elements frequently is flexible, so that promoter

function is preserved when elements are inverted or moved relative to one another. In the tk
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promoter, the spacing between promoter elements can be increased to 50 bp apart before activity
begins to decline. Depending on the promoter, it appears that individual elements can function
either cooperatively or independently to activate transcription. A promoter may or may not be
used in conjunction with an “enhancer,” which refers to a cis-acting regulatory sequence

involved in the transcriptional activation of a nucleic acid sequence.

[0099] A promoter may be one naturally associated with a nucleic acid sequence, as may
be obtained by isolating the 5’ non-coding sequences located upstream of the coding segment
and/or exon. Such a promoter can be referred to as “endogenous.” Similarly, an enhancer may
be one naturally associated with a nucleic acid sequence, located either downstream or upstream
of that sequence. Alternatively, certain advantages will be gained by positioning the coding
nucleic acid segment under the control of a recombinant or heterologous promoter, which refers
to a promoter that is not normally associated with a nucleic acid sequence in its natural
environment. A recombinant or heterologous enhancer refers also to an enhancer not normally
associated with a nucleic acid sequence in its natural environment. Such promoters or enhancers
may include promoters or enhancers of other genes, and promoters or enhancers isolated from
any other virus, or prokaryotic or eukaryotic cell, and promoters or enhancers not “naturally
occurring,” i.e., containing different elements of different transcriptional regulatory regions,
and/or mutations that alter expression. For example, promoters that are most commonly used in
recombinant DNA construction include the beta-lactamase (penicillinase), lactose and tryptophan
(trp) promoter systems. In addition to producing nucleic acid sequences of promoters and
enhancers synthetically, sequences may be produced using recombinant cloning and/or nucleic
acid amplification technology, including PCR™, in connection with the compositions disclosed
herein (see U.S. Patent Nos. 4,683,202 and 5,928,906, each incorporated herein by reference).
Furthermore, it is contemplated the control sequences that direct transcription and/or expression
of sequences within non-nuclear organelles such as mitochondria, chloroplasts, and the like, can

be employed as well.

[0100] Naturally, it will be important to employ a promoter and/or enhancer that
effectively directs the expression of the DNA segment in the organelle, cell type, tissue, organ,
or organism chosen for expression. Those of skill in the art of molecular biology generally know
the use of promoters, enhancers, and cell type combinations for protein expression, (see, for

example Sambrook ef al. 1989, incorporated herein by reference). The promoters employed may
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be constitutive, tissue-specific, inducible, and/or useful under the appropriate conditions to direct
high level expression of the introduced DNA segment, such as is advantageous in the large-scale
production of recombinant proteins and/or peptides. The promoter may be heterologous or

endogenous.

[0101] Additionally any promoter/enhancer combination could also be used to drive
expression. Use of a T3, T7 or SP6 cytoplasmic expression system is another possible
embodiment. Eukaryotic cells can support cytoplasmic transcription from certain bacterial
promoters if the appropriate bacterial polymerase is provided, either as part of the delivery

complex or as an additional genetic expression construct.

[0102] The identity of tissue-specific promoters or elements, as well as assays to

characterize their activity, is well known to those of skill in the art.

[0103] A specific initiation signal also may be required for efficient translation of coding
sequences. These signals include the ATG initiation codon or adjacent sequences. Exogenous
translational control signals, including the ATG initiation codon, may need to be provided. One
of ordinary skill in the art would readily be capable of determining this and providing the

necessary signals.

[0104] In certain embodiments, the expression of the GPC3-CAR is modulated upon
exposure of a corresponding regulatory sequence to one or more factors. In specific
embodiments, the expression is modulated upon exposure to tumor-associated factors.
Mlustrative examples of tumor-associated factors include factors present in hypoxic tissue. In
some embodiments, the factors are cytokines and/or chemokines. For example, hypoxia induces
the expression of HIF-1q, a transcription factor that could induce engager expression that is
under the control of a hypoxia response element (HRE). Hypoxia could also stabilize engager
molecules that contain an oxygen-dependent degradation domain (ODDD). Another example of
a substance, which is produced by tumor cells and could regulate engager gene expression, is
lactic acid. A specific initiation signal also may be required for efficient translation of coding
sequences. These signals include the ATG initiation codon or adjacent sequences. Exogenous
translational control signals, including the ATG initiation codon, may need to be provided. One
of ordinary skill in the art would readily be capable of determining this and providing the

necessary signals.
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[0105] In certain embodiments, the GPC3-CAR may be expressed in two fragments that
are inactive without the addition of an exogenous substance. For example, but not limited to, the
GPC3-specific ectodomain and the transmembrane domain of the CAR and the cytoplasmic
domain of the CAR could be each linked to a heterodimerizer domain (Exto-TM-HD; Cyto-HD).
Expression of Exto-TM-HD and Cyto-HD in cells would result in an inactive GPC3-CAR unless
a small molecule is added that links Exto-TM-HD and Cyto-HD, allowing for pharmacological
control of GPC3-CAR activity.

[0106] In certain embodiments of the disclosure, the use of internal ribosome entry sites
(IRES) elements are used to create multigene, or polycistronic, messages, and these may be used

in the disclosure.

[0107] In certain embodiments 2A sequences are used to create multigene messages, and

these may be used in the embodiments.

[0108] Vectors can include a multiple cloning site (MCS), which is a nucleic acid region
that contains multiple restriction enzyme sites, any of which can be used in conjunction with
standard recombinant technology to digest the vector. “Restriction enzyme digestion” refers to
catalytic cleavage of a nucleic acid molecule with an enzyme that functions only at specific
locations in a nucleic acid molecule. Many of these restriction enzymes are commercially
available. Use of such enzymes is widely understood by those of skill in the art. Frequently, a
vector is linearized or fragmented using a restriction enzyme that cuts within the MCS to enable
exogenous sequences to be ligated to the vector. “Ligation” refers to the process of forming
phosphodiester bonds between two nucleic acid fragments, which may or may not be contiguous
with each other. Techniques involving restriction enzymes and ligation reactions are well known

to those of skill in the art of recombinant technology.

[0109] Splicing sites, termination signals, origins of replication, and selectable markers

may also be employed.

C. Plasmid Vectors

[0110] In certain embodiments, a plasmid vector is contemplated for use to transform a
host cell. In general, plasmid vectors containing replicon and control sequences which are

derived from species compatible with the host cell are used in connection with these hosts. The
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vector ordinarily carries a replication site, as well as marking sequences which are capable of
providing phenotypic selection in transformed cells. In a non-limiting example, E. coli is often
transformed using derivatives of pBR322, a plasmid derived from an E. coli species. pBR322
contains genes for ampicillin and tetracycline resistance and thus provides easy means for
identifying transformed cells. The pBR plasmid, or other microbial plasmid or phage must also
contain, or be modified to contain, for example, promoters which can be used by the microbial

organism for expression of its own proteins.

[0111] In addition, phage vectors containing replicon and control sequences that are
compatible with the host microorganism can be used as transforming vectors in connection with
these hosts. For example, the phage lambda GEMTM 11 may be utilized in making a
recombinant phage vector which can be used to transform host cells, such as, for example, E.

coli LE392.

[0112] Further useful plasmid vectors include pIN vectors (Inouye ef al., 1985); and
pGEX vectors, for use in generating glutathione S transferase (GST) soluble fusion proteins for
later purification and separation or cleavage. Other suitable fusion proteins are those with beta-

galactosidase, ubiquitin, and the like.

[0113] Bacterial host cells, for example, E. coli, comprising the expression vector, are
grown in any of a number of suitable media, for example, LB. The expression of the
recombinant protein in certain vectors may be induced, as would be understood by those of skill
in the art, by contacting a host cell with an agent specific for certain promoters, e.g., by adding
IPTG to the media or by switching incubation to a higher temperature. After culturing the
bacteria for a further period, generally of between 2 and 24 h, the cells are collected by

centrifugation and washed to remove residual media.

D. Viral Vectors

[0114] The ability of certain viruses to infect cells or enter cells via receptor mediated
endocytosis, and to integrate into host cell genome and express viral genes stably and efficiently
have made them attractive candidates for the transfer of foreign nucleic acids into cells (e.g.,
mammalian cells). Components of the present disclosure may be a viral vector that encodes one
or more CARs of the disclosure. Non-limiting examples of virus vectors that may be used to

deliver a nucleic acid of the present disclosure are described below.
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E. Adenoviral Vectors

[0115] A particular method for delivery of the nucleic acid involves the use of an
adenovirus expression vector. Although adenovirus vectors are known to have a low capacity
for integration into genomic DNA, this feature is counterbalanced by the high efficiency of gene
transfer afforded by these vectors. "Adenovirus expression vector" is meant to include those
constructs containing adenovirus sequences sufficient to (a) support packaging of the construct
and (b) to ultimately express a tissue or cell specific construct that has been cloned therein.
Knowledge of the genetic organization or adenovirus, a 36 kb, linear, double stranded DNA
virus, allows substitution of large pieces of adenoviral DNA with foreign sequences up to 7 kb

(Grunhaus and Horwitz, 1992).

F. AAYV Vectors

[0116] The nucleic acid may be introduced into the cell using adenovirus assisted
transfection. Increased transfection efficiencies have been reported in cell systems using
adenovirus coupled systems (Kelleher and Vos, 1994; Cotten et al., 1992; Curiel, 1994). Adeno
associated virus (AAV) is an attractive vector system for use in the cells of the present
disclosureas it has a high frequency of integration and it can infect nondividing cells, thus
making it useful for delivery of genes into mammalian cells, for example, in tissue culture
(Muzyczka, 1992) or in vivo. AAV has a broad host range for infectivity (Tratschin ef al., 1984;
Laughlin er al., 1986; Lebkowski ef al., 1988; McLaughlin et al., 1988). Details concerning the
generation and use of rAAV vectors are described in U.S. Patent Nos. 5,139,941 and 4,797,368,

each incorporated herein by reference.

G. Retroviral Vectors

[0117] Retroviruses are useful as delivery vectors because of their ability to integrate
their genes into the host genome, transferring a large amount of foreign genetic material,
infecting a broad spectrum of species and cell types and of being packaged in special cell lines

(Miller, 1992).

[0118] In order to construct a retroviral vector, a nucleic acid (e.g., one encoding the
desired sequence) is inserted into the viral genome in the place of certain viral sequences to

produce a virus that is replication defective. In order to produce virions, a packaging cell line
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containing the gag, pol, and env genes but without the LTR and packaging components is
constructed (Mann et al., 1983). When a recombinant plasmid containing a cDNA, together with
the retroviral LTR and packaging sequences is introduced into a special cell line (e.g., by
calcium phosphate precipitation for example), the packaging sequence allows the RNA transcript
of the recombinant plasmid to be packaged into viral particles, which are then secreted into the
culture media (Nicolas and Rubenstein, 1988; Temin, 1986; Mann et al., 1983). The media
containing the recombinant retroviruses is then collected, optionally concentrated, and used for
gene transfer. Retroviral vectors are able to infect a broad variety of cell types. However,

integration and stable expression require the division of host cells (Paskind et al., 1975).

[0119] Lentiviruses are complex retroviruses, which, in addition to the common
retroviral genes gag, pol, and env, contain other genes with regulatory or structural function.
Lentiviral vectors are well known in the art (see, for example, Naldini et al., 1996; Zufferey et
al., 1997; Blomer et al., 1997; U.S. Pat. Nos. 6,013,516 and 5,994,136). Some examples of
lentivirus include the Human Immunodeficiency Viruses: HIV-1, HIV-2 and the Simian
Immunodeficiency Virus: SIV. Lentiviral vectors have been generated by multiply attenuating
the HIV virulence genes, for example, the genes env, vif, vpr, vpu and nef are deleted making the

vector biologically safe.

[0120] Recombinant lentiviral vectors are capable of infecting non-dividing cells and can
be used for both in vivo and ex vivo gene transfer and expression of nucleic acid sequences. For
example, recombinant lentivirus capable of infecting a non-dividing cell wherein a suitable host
cell is transfected with two or more vectors carrying the packaging functions, namely gag, pol
and env, as well as rev and tat is described in U.S. Pat. No. 5,994,136, incorporated herein by
reference. One may target the recombinant virus by linkage of the envelope protein with an
antibody or a particular ligand for targeting to a receptor of a particular cell-type. By inserting a
sequence (including a regulatory region) of interest into the viral vector, along with another gene
which encodes the ligand for a receptor on a specific target cell, for example, the vector is now

target-specific.

H. Other Viral Vectors

[0121] Other viral vectors may be employed as vaccine constructs in the present

disclosure. Vectors derived from viruses such as vaccinia virus (Ridgeway, 1988; Baichwal and
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Sugden, 1986; Coupar et al., 1988), sindbis virus, cytomegalovirus and herpes simplex virus may
be employed. They offer several attractive features for various mammalian cells (Friedmann,

1989; Ridgeway, 1988; Baichwal and Sugden, 1986; Coupar et al., 1988; Horwich et al., 1990).

I. Delivery Using Modified Viruses

[0122] A nucleic acid to be delivered may be housed within an infective virus that has
been engineered to express a specific binding ligand. The virus particle will thus bind
specifically to the cognate receptors of the target cell and deliver the contents to the cell. A
novel approach designed to allow specific targeting of retrovirus vectors was developed based on
the chemical modification of a retrovirus by the chemical addition of lactose residues to the viral
envelope. This modification can permit the specific infection of hepatocytes via

sialoglycoprotein receptors.

[0123] Another approach to targeting of recombinant retroviruses was designed in which
biotinylated antibodies against a retroviral envelope protein and against a specific cell receptor
were used. The antibodies were coupled via the biotin components by using streptavidin (Roux
et al., 1989). Using antibodies against major histocompatibility complex class I and class II
antigens, they demonstrated the infection of a variety of human cells that bore those surface

antigens with an ecotropic virus in vitro (Roux et al., 1989).

J. Vector Delivery and Cell Transformation

[0124] Suitable methods for nucleic acid delivery for transfection or transformation of
cells are known to one of ordinary skill in the art. Such methods include, but are not limited to,
direct delivery of DNA such as by ex vivo transfection, by injection, and so forth. Through the

application of techniques known in the art, cells may be stably or transiently transformed.

K. Ex Vivo Transformation

[0125] Methods for transfecting eukaryotic cells and tissues removed from an organism
in an ex vivo setting are known to those of skill in the art. Thus, it is contemplated that cells or
tissues may be removed and transfected ex vivo using nucleic acids of the present disclosure. In
particular aspects, the transplanted cells or tissues may be placed into an organism. In certain

facets, a nucleic acid is expressed in the transplanted cells.
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VII. Kits of the Disclosure

[0126] Any of the GPC3-CAR compositions described herein may be comprised in a kit.
In a non-limiting example, one or more cells for use in cell therapy and/or the reagents to
generate one or more cells for use in cell therapy that harbors recombinant expression vectors
may be comprised in a kit. Polynucleotides that encodes the GPC3-CAR or portions thereof may

be included in the kit. The kit components are provided in suitable container means.

[0127] Some components of the kits may be packaged either in aqueous media or in
lyophilized form. The container means of the kits will generally include at least one vial, test
tube, flask, bottle, syringe or other container means, into which a component may be placed, and
preferably, suitably aliquoted. Where there are more than one component in the kit, the kit also
will generally contain a second, third or other additional container into which the additional
components may be separately placed. However, various combinations of components may be
comprised in a vial. The kits of the present disclosure also will typically include a means for
containing the components in close confinement for commercial sale. Such containers may

include injection or blow molded plastic containers into which the desired vials are retained.

[0128] When the components of the kit are provided in one and/or more liquid solutions,
the liquid solution is an aqueous solution, with a sterile aqueous solution being particularly ueful.
In some cases, the container means may itself be a syringe, pipette, and/or other such like
apparatus, from which the formulation may be applied to an infected area of the body, injected

into an animal, and/or even applied to and/or mixed with the other components of the kit.

[0129] However, the components of the kit may be provided as dried powder(s). When
reagents and/or components are provided as a dry powder, the powder can be reconstituted by
the addition of a suitable solvent. It is envisioned that the solvent may also be provided in
another container means. The kits may also comprise a second container means for containing a

sterile, pharmaceutically acceptable buffer and/or other diluent.

[0130] In particular embodiments of the disclosure, cells that are to be used for cell
therapy are provided in a kit, and in some cases the cells are essentially the sole component of
the kit. The kit may comprise reagents and materials to make the desired cell. In specific
embodiments, the reagents and materials include primers for amplifying desired sequences,

nucleotides, suitable buffers or buffer reagents, salt, and so forth, and in some cases the reagents
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include vectors and/or DNA that encodes a CAR as described herein and/or regulatory elements

therefor.

[0131] In particular embodiments, there are one or more apparatuses in the kit suitable
for extracting one or more samples from an individual. The apparatus may be a syringe, scalpel,

and so forth.

[0132] In some cases of the disclosure, the kit, in addition to cell therapy embodiments,
also includes a second cancer therapy, such as chemotherapy, hormone therapy, and/or
immunotherapy, for example. The kit(s) may be tailored to a particular cancer for an individual

and comprise respective second cancer therapies for the individual.

VIII. Examples of Methods of Treatment

[0133] In various embodiments GPC3-targeting CAR constructs, nucleic acid sequences,
vectors, host cells , as contemplated herein and/or pharmaceutical compositions comprising the
same are used for the prevention, treatment or amelioration of a cancerous disease, such as a
tumorous disease. In particular embodiments, the pharmaceutical composition of the present
disclosure may be particularly useful in preventing, ameliorating and/or treating cancer,
including cancer that express GPC3 and that may or may not be solid tumors, for example. In

specific embodiments, the individual has Simpson—Golabi—-Behmel syndrome.

[0134] As used herein “treatment” or “treating,” includes any beneficial or desirable
effect on the symptoms or pathology of a disease or pathological condition, and may include
even minimal reductions in one or more measurable markers of the disease or condition being
treated, e.g., cancer. Treatment can involve optionally either the reduction or amelioration of
symptoms of the disease or condition, or the delaying of the progression of the disease or
condition. “Treatment” does not necessarily indicate complete eradication or cure of the disease

or condition, or associated symptoms thereof.

[0135] As used herein, “prevent,” and similar words such as “prevented,” “preventing”
etc., indicate an approach for preventing, inhibiting, or reducing the likelihood of the occurrence
or recurrence of, a disease or condition, e.g., cancer. It also refers to delaying the onset or
recurrence of a disease or condition or delaying the occurrence or recurrence of the symptoms of

a disease or condition. As used herein, “prevention” and similar words also includes reducing
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the intensity, effect, symptoms and/or burden of a disease or condition prior to onset or

recurrence of the disease or condition.

[0136] In particular embodiments, the present invention contemplates, in part, GPC3
CAR-expressing cells, GPC3 CAR constructs, GPC3 CAR nucleic acid molecules and GPC3
CAR vectors that can administered either alone or in any combination using standard vectors
and/or gene delivery systems, and in at least some aspects, together with a pharmaceutically
acceptable carrier or excipient. In certain embodiments, subsequent to administration, the nucleic

acid molecules or vectors may be stably integrated into the genome of the subject.

[0137] In specific embodiments, viral vectors may be used that are specific for certain
cells or tissues and persist in said cells. Suitable pharmaceutical carriers and excipients are well
known in the art. The compositions prepared according to the disclosure can be used for the

prevention or treatment or delaying the above identified diseases.

[0138] Furthermore, the disclosure relates to a method for the prevention, treatment or
amelioration of a tumorous disease comprising the step of administering to a subject in the need
thereof an effective amount of cells that express a GPC3-targeting CAR, a nucleic acid sequence,

a vector, as contemplated herein and/or produced by a process as contemplated herein.

[0139] Possible indications for administration of the composition(s) of the exemplary
GPC3 CAR cells are cancerous diseases, including tumorous diseases, including hepatocellular
carcinoma, a hepatoblastoma, an embryonal sarcoma, a rhabdoid tumor, a Wilm’s tumor, yolk
sac tumor, choriocarcinoma, a squamous cell carcinoma of the lung, a liposarcoma, a breast
carcinoma, a head and neck squamous cell carcinoma (HNSCC), or mesothelioma, for example.
Exemplary indications for administration of the composition(s) of GPC3 CAR cells are
cancerous diseases, including any malignancies that express GPC3. The administration of the
composition(s) of the disclosure is useful for all stages and types of cancer, including for
minimal residual disease, early cancer, advanced cancer, and/or metastatic cancer and/or

refractory cancer, for example.

[0140] The disclosure further encompasses co-administration protocols with other
compounds, e.g. bispecific antibody constructs, targeted toxins or other compounds, which act
via immune cells. The clinical regimen for co-administration of the inventive compound(s) may

encompass co-administration at the same time, before or after the administration of the other
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component. Particular combination therapies include chemotherapy, radiation, surgery, hormone

therapy, or other types of immunotherapy.

[0141] Embodiments relate to a kit comprising a GPC3 CAR construct as defined herein,
a nucleic acid sequence as defined herein, a vector as defined herein and/or a host as defined
herein. It is also contemplated that the kit of this disclosure comprises a pharmaceutical
composition as described herein above, either alone or in combination with further medicaments

to be administered to an individual in need of medical treatment or intervention.

IX.  Combination Therapy

[0142] In certain embodiments of the disclosure, methods of the present disclosure 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, 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 cell. This process may involve contacting the cancer cells with the
expression construct 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 expression construct and the other includes

the second agent(s).

[0143] 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 virus-thymidine kinase (HSV-tK) gene, when delivered to brain tumors by a retroviral
vector system, successfully induced susceptibility to the antiviral agent ganciclovir (Culver, et

al., 1992). In the context of the present disclosure, it is contemplated that cell therapy could be
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used similarly in conjunction with chemotherapeutic, radiotherapeutic, or immunotherapeutic

intervention, in addition to other pro-apoptotic or cell cycle regulating agents.

[0144] Alternatively, the present inventive therapy may precede or follow the other agent
treatment by intervals ranging from minutes to weeks. In embodiments where the other agent
and present disclosure 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 both 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 d (2, 3,4, 5, 6 or 7) to several wk (1, 2, 3, 4,5, 6,7 or 8) lapse between the

respective administrations.

[0145] Various combinations may be employed, present disclosure is “A” and the

secondary agent, such as radio- or chemotherapy, is “B”:
[0146] A/B’/A B/A/B B/B/A A/A/B A/B/B B/A/A A/B/B/B B/A/B/B
[0147] B/B/B/A B/B/A/B A/A/B/B  A/B/A/B  A/B/B/A  B/B/A/A
[0148] B/A/B/A B/A/A/B  A/A/A/B  B/A/JA/JA  A/B/A/IA  A/A/B/A

[0149] 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.

A. Chemotherapy

[0150] Cancer therapies also include a variety of combination therapies with both
chemical and radiation based treatments. Combination chemotherapies include, for example,
abraxane, altretamine, docetaxel, herceptin, methotrexate, novantrone, zoladex, cisplatin
(CDDP), carboplatin, procarbazine, mechlorethamine, cyclophosphamide, camptothecin,
ifostamide, melphalan, chlorambucil, busulfan, nitrosurea, dactinomycin, daunorubicin,
doxorubicin, bleomycin, plicomycin, mitomycin, etoposide (VP16), tamoxifen, raloxifene,

estrogen receptor binding agents, taxol, gemcitabien, navelbine, farnesyl-protein tansferase
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inhibitors, transplatinum, 5-fluorouracil, vincristin, vinblastin and methotrexate, or any analog or

derivative variant of the foregoing and also combinations thereof.

[0151] In specific embodiments, chemotherapy for the individual is employed in
conjunction with the disclosure, for example before, during and/or after administration of the

disclosure.

B. Radiotherapy

[0152] Other factors that cause DNA damage and have been used extensively include
what are commonly known as y-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 effect 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.

[0153] The terms “contacted” and “exposed,” when applied to a cell, are used herein to
describe the process by which a therapeutic construct and a chemotherapeutic or radiotherapeutic
agent are delivered to a target cell or are placed in direct juxtaposition with the target cell. To
achieve cell killing or stasis, both agents are delivered to a cell in a combined amount effective to

kill the cell or prevent it from dividing.

C. Immunotherapy

[0154] 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 effect 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
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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.

[0155] Immunotherapy other than the inventive therapy described herein 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 below. Generally, the tumor cell must bear some
marker that is amenable to targeting, i.e., is not 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
disclosure. 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.

D. Genes

[0156] In yet another embodiment, the secondary treatment is a gene therapy in which a
therapeutic polynucleotide is administered before, after, or at the same time as the present
disclosure clinical embodiments. A variety of expression products are encompassed within the
disclosure, including inducers of cellular proliferation, inhibitors of cellular proliferation, or

regulators of programmed cell death.

E. Surgery

[0157] 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 disclosure, chemotherapy, radiotherapy, hormonal therapy, gene therapy,

immunotherapy and/or alternative therapies.

[0158] 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 miscopically controlled surgery (Mohs’ surgery). It is further
contemplated that the present disclosuremay be used in conjunction with removal of superficial

cancers, precancers, or incidental amounts of normal tissue.
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[0159] 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, or every 1, 2, 3, 4, and 5 weeks or every 1, 2, 3,4, 5,

6,7,8,9, 10, 11, or 12 months. These treatments may be of varying dosages as well.

F. Other agents

[0160] It is contemplated that other agents may be used in combination with the present
disclosure 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 DRS / TRAIL would potentiate the apoptotic inducing
abilities of the present disclosure by establishment of an autocrine or paracrine effect on
hyperproliferative cells. Increases 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 disclosure to improve the anti-hyperproliferative efficacy of the
treatments. Inhibitors of cell adhesion are contemplated to improve the efficacy of the present
disclosure. 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 disclosure to improve the treatment efficacy.

EXAMPLE 1
GPC3-SPECIFIC CARS

[0161] As described herein, there are glypican-3 specific CARs (GPC3-CAR) with

distinct combination of costimulatory endodomains based on published sequences of monoclonal
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antibodies. High cell surface expression of all CARs on T cells was detected. Glypican-3 specific
T cells were generated by retroviral transduction, and they recognize glypican-3 expressing

tumor cells.

[0162] Design of glypican-3 specific CARs: CARs were generated with GPC3-specific
scFvs fused to CAR backbones (FIG. 2).

[0163] Cell surface expression of GPC3-CARs: T cells were stimulated with OKT3
and anti-CD28 followed by retroviral transduction. CAR expression was measured with anti-Fab

mab-AF647 by FACS. GPC3-CAR expression was detected at or above 80% of cells.

[0164] GPC3-CAR T cells recognize and kill GPC3P* targets: GPC3" (HepG2,
HUH?7 and Hep3B) as well as GPC3™¢ (A549) cell lines were loaded with Cr' and incubated
with GPC3-CAR T cells in a standard 4hr Cr’'-release assay. Effective killing was detected at all
3 GPC3P targets dependent on effector-to-target ration while GPC3"™® target was not killed.

[0165] GPC3-CAR T cells release IFN-y upon stimulation with GPC3P* targets:
GPC3-CAR T cells were co-cultured for 24hrs with GPC3"** (HepG2, HUH7 and Hep3B) as
well as GPC3™® (A549) cell lines at 1:1 ratio. IFN-y level of tissue culture supernatant was
measured by Luminex (Millipore) according to the manufacturer’s manual. High level of IFN-y
production was detected for all GPC3-CAR constructs when stimulated with GPC3P targets
while non-transduced T cells did not produce IFN-y. No IFN-y production was detected for
GPC3-CAR T cells when stimulated with GPC™® target except for GBBz which induced low

level spontaneous IFN-y release.

[0166] Thus, provided herein are new GPC3-specific CARs, and demonstrated herein are
T cells genetically modified with this CAR that recognize and kill GPC3-positive tumor cells in
an antigen-specific manner. This technology has broad applications for the immunotherapy of

GPC3-positive diseases either as monotherapy or in combination with other treatment modalities.
EXAMPLE 2
GLYPICAN-3 CARS

[0167] Glypican-3 (GPC3) is one of the six mammalian members of the Glypican family

of proteoglycans. Glypican-3 contains heparan sulfate sidechains, is anchored to the cell surface
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by a glycosyl-phosphatidyl-inositol (Filmus and Selleck, 2001). GPC3 does not directly signal
through the cell membrane, the main function of GPC3 is to stabilize wnt thereby increasing its
effect on cell proliferation (Capurro et al., 2014). GPC3 is a unique immunotherapeutic target as
it is expressed on several solid tumors including the majority of hepatocellular carcinomas (not
expressed on normal hepatocytes after fetal development or on cirrhotic liver), hepatoblastomas,
embryonal sarcomas, rhabdoid tumors, yolk sac tumors, Wilm’s tumors, squamous cell
carcinoma of the lung, and liposarcomas (Wang et al., 2006; Yamauchi et al., 2005; Enan et al.,
2013; Coston et al., 2008; Baumhoer et al., 2008; Chan et al., 2013; Levy et al., 2012;
Tretiakova et al., 2015; Zynger et al., 2008; Zynger et al., 2006; Zynger et al., 2008)). Given its
specific expression on cancer cells and its role in cancer progression, GPC3 is an attractive
immunotherapeutic target recently demonstrated in early phase clinical trials, where a GPC3
targeting monoclonal antibody (MAb) GC33 was well tolerated and induced antitumor responses

in patients with advanced HCC (Zhu et al., 2013; Ikeda et al., 2014).

[0168] Glypican-3 expression on tumor cell lines. HepG2 (HB), HUH7 (HCC) and
Hep3B (Hepatitis B virus positive HCC), G401 (malignant rhabdoid tumor) and A549 (lung
cancer) were evaluated for the expression of GPC3 by FACS analysis using the glypican-3
specific YP7 antibody. HepG2 (HB), HUH7 (HCC) and Hep3B (Hepatitis B virus positive
HCC), G401 (malignant rhabdoid tumor) were GPC3 positive whereas A549 (lung cancer)
negative (FIG. 6). This panel of cell lines was used to characterize the function of T cells

expressing novel GPC3-specific chimeric antigen receptors (GPC3-CARs).

[0169] Structure and cell surface expression of GPC3-CARs. The single chain
variable fragment of the anti-glypican-3 specific MAb GC33 was cloned in frame into SFG
retroviral vectors containing CAR expression cassettes. The following four GPC3-CARs were
generated: GC33.C (Gz), GC33.CD28.¢ (G28z), GC33.4-1BB.C (GBBz) and GC33.CD28.4-
I1BB.L (G28BBz) (FIG. 7A). T cells were transduced with retroviral vectors encoding the
indicated constructs. Cell surface expression of CARs was measured by flow cytometry using
goat anti-mouse F(ab)2 fragment IgG conjugated with AF647. All 4 constructs were stably
expressed on the cell surface of transduced T cells. (FIG. 7B shows one representative FACS
plot, FIG. 7C shows CAR expressions of cells from 10 independent donors, error bars represent

standard deviations).
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[0170] GPC3-CARTT cells kill GPC3"* cell lines. To test whether transgenic
expression of GPC3-CARs renders the T cells cytotoxic to GPC3P® targets, a standard 4hr ICr
assay was performed. In brief, target cells were loaded with *1Cr, washed and co-cultured with
the indicated GPC3 CAR expressing cells in at 37C standard cell culture incubator. Supernatants
were collected after 4 hrs percent cell lysis was determined. GPC3-CAR T cells killed GPC3"*
HepG2, HUH7, Hep3B, and G401 cells at all effector to target ratios tested. The GPC3"™® A549
cell line was not killed by any of the GPC3-CAR T cells, confirming specificity (FIG. §).

[0171] GPC3-CAR T cells secrete cytokines in the presence of GPC3"” cells. Having
shown that GPC3-CAR T cells kill GPC3-positive tumor cells, it was next determined if they
also produce cytokines. GPC3-CAR T cells were co-cultured with indicated cell lines and after
24 hr of coculture, cytokine levels were measured by Luminex analysis. T cells expressing all
four GPC3-CARs produced high levels of cytokines when engaging GPC3" cell lines (FIG. 10).
GBBz produced less IL-2 (FIG. 10A-10E) and IL-10 (FIG. 10F-10J). While no IFNy was
detected when T cells expressing Gz, G28z or G28BBz were co-cultured with GPC3"® A549 cell
line, spontaneous cytokine production was detected by T cells expressing GBBz CAR (FIG.
10K-100).

[0172] GPC3-CAR T cells proliferate upon encounter of GPC3* cells. Having
shown that GPC3-CAR T cells recognize (as judged by cytokine production) and kill GPC3-
positive tumor cells, it was next evaluated if they had ability to proliferate post encounter of
GPC3-positive tumor cells. GPC3-CAR T cells were co-cultured with HUH7 cells and expanded
without cytokines. GPC3-CAR T cells expanded in a GPC3 dependent manner and G28z, GBBz
and G28BBz CAR T cells outperformed Gz CAR T cells. Absolute number of GPC3-CAR T
cells is shown at indicated time points (FIG. 9A). CFSE dilution (as measure of cell division) of
GPC3-CAR T cells is shown 3 days post stimulation (FIG. 9B). 7-AAD staining (as a measure of
cell death) is shown on day 5 post stimulation (FIG. 9C).

[0173] GPC3-CAR T cells expand after adoptive transfer in vivo. To the test the
proliferative potential of GPC3-CAR T cells in vivo, NOD/SCID/IL2ynull mice were injected with
GPC3"* HUH7 HCC cell line intraperitoneally followed 14 days later by the intravenous (iv)
injection of 1x10” GPC3-CAR T cells that also were transduced with a retroviral vector encoding
a GFP firefly luciferase fusion gene (GFP.ffLuc) to allow for serial bioluminescence imaging.

GD2-CAR T cells and T cells that were only transduced with GFP.ffLuc served as controls.
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GPC3-CAR T cells expanded for up to 6 days post injection. T cells expressing GPC3-CARs
with 41BB containing costimulatory endodomains had showed superior expansion compared to

Gz or G28z CAR T cells (FIG. 11A,B).

[0174] GPC3-CAR T cells have potent antitumor activity in the HUH-7 HCC
xenograft models ir vivo. To test the antitumor activity of GPC3-CAR T cells in vivo and find
the construct with the greatest antitumor potential, NOD/SCID/IL2ynull mice were injected with
the GPC3"* HUH7 HCC cell line, which was genetically modified with GFP.ffLuc to allow for
serial bioluminescence imaging, intraperitoneally followed 14 days later by the iv infusion of
1x10” GPC3-CAR T cells (FIG. 12). Regardless of endodomain, GPC3 CAR T cells produced
robust antitumor effect resulting in complete cure mice with large tumor burden. Survival of
mice and tumor bioluminescence is shown in FIG. 12A-C respectively. In contrast, mice injected
with placebo, non-transduced T cells (NT T cells) or GD2-CAR T cells died of tumor
progression by Day 45 post tumor cell injection. Since there was not observe significant
differences between different GPC3-CARs, only 1/10 of the cell dose (1x10° CAR T cells) were
injected in the follow up study. T cells expressing GPC3-CARs with costimulatory domains had

greater antitumor activity in comparison to the GPC3-CAR with only a zeta endodomain (FIG.

13A-13C).

[0175] GPC3-CAR T cells have potent antitumor activity in the G401 malignant
rhabdoid tumor xenograft model in vivo. To test the antitumor activity of GPC3-CAR T cells
in a second exemplary animal model in vivo and find the construct with the greatest antitumor
potential, NOD/SCID/IL2y™" mice were injected with the GPC3P** G401 malignant rhabdoid
tumor cell line, which was genetically modified with GFP.ffLuc to allow for serial
bioluminescence imaging, intraperitoneally followed 21 days later by the iv infusion of 2x10’
GPC3-CAR T cells (FIG. 12). GPC3 CAR T cells produced robust antitumor effect resulting in
complete cure mice with large tumor burden. Survival of mice and tumor bioluminescence is
shown in FIG. 14A-C respectively. In contrast, mice injected with placebo, non-transduced T
cells (NT T cells) or GD2-CAR T cells died of tumor progression by Day 46 post tumor cell
injection. T cells expressing GPC3-CARs with costimulatory domains had greater antitumor

activity in comparison to the GPC3-CAR with only a zeta endodomain (FIG. 14A,14B).

[0176] Summary of results: Four novel GPC3-CARs (Gz, G28z, GBBz and G28BBz)

were produced and stably expressed them on the cell surface of T cells by retroviral transduction
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(FIG. 7). It was demonstrated in cell culture experiments that GPC3-CAR T cells recognize
GPC3-positive cancer cells in an antigen-dependent fashion as judged by their 1) cytolytic
activity (FIG. 8), and ii) ability to produce cytokines (FIG. 9) and proliferate (FIG. 10) in the
presence of GPC3-positive cancer cells. In addition, GPC3-CAR T cells with costimulatory
endodomains (G28z, GBBz, G28BBz) expanded in xenograft models (FIG. 11), and had robust
antitumor activity (FIG. 12, 13, 14). Thus therein there is GPC3-targeted cell therapy with broad
application to malignancies that express GPC3 including but not limited to HCC,
hepatoblastoma, embryonal sarcoma, rhabdoid tumor, yolk sac tumor, Wilm’s tumor, squamous
cell carcinoma of the lung, and liposarcoma. While here, as an example, these CARs are
expressed in T cells, novel GPC3-CARs may be expressed in a broad range of 1) immune cells
including but not limited to NK cells, NKT cells, cytokine-induced killer cells (CIKs), or YT

cells, or ii) stem cells that can be differentiated into immune cells, for example.

EXAMPLE 3

THE USE OF Va24-INVARIANT NATURAL KILLER T CELLS (NKTS) AS A CARRIER
FOR GPC3-SPECIFIC CARS

[0177] NKTs are an evolutionary conserved subset of innate lymphocytes that are
characterized by the expression of an invariant TCR o-chain Vai24-Jal 8 and reactivity to self-
and microbial-derived glycolipids presented by monomorphic HLA class-1-like molecule CD1d.
(Porcelli et al., 1993; Lantz et al., 1994; Bendelac et al., 1995). NKTs can directly target tumor-
supportive macrophages and have an indirect antitumor activity even in CD 1d-negative
malignancies (Song et al,. 2009; Liu ef al., 2012). In addition, NKTs can activate NK-cell
cytotoxicity which is a well-studied axis of overall NKT-cell antitumor activity (Metelitsa et al.,

2001; Smyth et al., 2002).

[0178] NKTs hold special promise for immunotherapy of hepatocellular carcinoma
(HCC) as they can eliminate HCC supporting activated hepatic stellate cells (aHSCs) (Anson et
al., 2012) and the presence of NKTs in HCC is associated with improved survival (Guo et al.,
2012). Transgenic expression of GPC3 CARs in NKTs would therefore enable them with dual

reactivity against HCC tumor cells and tumor-supportive aHSCs.
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[0179] To demonstrate the feasibility of using NKTs as a carrier of GPC3 CAR, primary
NKTs were positively sorted from PBMC of three healthy donors with Va24-Ja18-specific
Milteneyi microbeads, activated with alpha-galactosylceramide (aGalCer)-pulsed negative
fraction of autologous irradiated PBMC, transduced on day 3 with GPC3 CAR (GC33.CD28.4-
1BB.Z) retroviral vector, and expanded in culture with IL-2. On day 7 after transduction, at least
98% of cells in the culture were NKTs as determined by co-expression of CD3 and the invariant
TCRa chain (Va24Ja18). Importantly, 60% - 93% of NKTs expressed GPC3 CAR (FIG. 15).
Therefore, primary human NKTs can be stably transduced with a GPC3 CAR and used for

immunotherapy of GPC3-positive malignancies.
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CLAIMS

What is claimed is:

1. A method of inhibiting proliferation and/or activity of Glypican-3 (GPC3)-
positive cells in an individual, comprising the step of contacting the cells with a
therapeutically effective amount of immune cells that express a chimeric
antigen receptor (CAR) that targets Glypican-3 (GPC3), wherein the CAR
comprises an scFv antibody other than 3E11, 2G9, 4G5, 3DS8, or 2E10.

2. The method of claim 1, wherein the cells are cancer cells.

3. The method of claim 2, wherein the cancer is liver cancer, embryonal sarcoma,

rhabdoid tumor, Wilms tumor, choriocarcinoma, or yolk sac tumor.

4. The method of claim 2, wherein said cancer cells are not hepatocellular

carcinoma cells.

5. The method of claim 1, wherein the individual has Simpson—Golabi—-Behmel

syndrome.

6. The method of any one of claims 1-5, wherein said contacting is performed in

vitro.

7. The method of any one of claims 1-5, wherein said contacting is performed in

cell culture.

8. The method of any one of claims 1-5, wherein said contacting is performed in

vivo, and said immune cells are cells in an individual.

9. The method of any one of claims 1-5 and 8, wherein said contacting is

performed in vivo, and said immune cells are immune cells in an individual.

10. The method of claim 8 or 9, wherein said immune cells are autologous to the

individual.

11.  The method of claim 8 or 9, wherein said immune cells are allogeneic to the

individual.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

The method of any one of claims 1-11, wherein said immune cells are T cells,
NK cells, Natural Killer T cells, Mucosa Associated Invariant Cells (MAIT

cells), y0 T cells, Innate Lymphoid cells, dendritic cells, or a mixture thereof.
The method of any one of claims 1-12, wherein said immune cells are T cells.
The method of claim 12, wherein said T cells are CD4+ T cells.

The method of claim 12, wherein said T cells are CD8+ T cells.

The method of claim 12, wherein said T cells are Treg cells.

The method of any one of claims 1-16, wherein the CAR comprises a
transmembrane domain selected from the group consisting of CD3-zeta, CD28,

CDS8a, CD4, or a combination thereof.

The method of any one of claims 1-16, wherein the CAR comprises a co-
stimulatory molecule endodomain selected from the group consisting of CD28,

CD27, 4-1BB, OX40 ICOS, and a combination thereof.

The method of any one of claims 2 and 7-18, wherein the individual has

received, is receiving, or will receive an additional cancer treatment.

The method of claim 19, wherein the additional cancer treatment comprises
chemotherapy, immunotherapy, radiation, surgery, hormone therapy, or a

combination thereof.

The method of any one of claims 1-20, wherein the immune cells harbor a

polynucleotide that encodes the CAR.

The method of claim 21, wherein the polynucleotide comprises SEQ ID NO:2,
SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8§, SEQ ID NO:9, SEQ ID NO:12,
SEQ ID NO:13, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:19, SEQ ID
NO:20, SEQ ID NO:21, SEQ ID NO:25, SEQ ID NO:27, SEQ ID NO:29, SEQ
ID NO:31, SEQ ID NO:33, or a combination thereof.
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23.

24.

25.

26.

27.

28.

29.

30.

The method of claim 21 or 22, wherein the polynucleotide further comprises a

suicide gene.

The method of any one of claims 1-23, wherein the CAR comprises the GC33
antibody.

The method of any one of 1-24, wherein a transmembrane domain for the CAR

comprises the CD28 transmembrane domain.

The method of any one of claims 1-25, wherein the CAR comprises the amino
acid sequence of SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:10, SEQ ID
NO:14, SEQ ID NO:18, SEQ ID NO:24, SEQ ID NO:26, SEQ ID NO:28, SEQ
ID NO:30, SEQ ID NO:32, or a combination thereof.

The method of any one of claims 1-26, wherein the CAR comprises the GC33
scFv, linker amino acids, a short hinge, a CD28 transmembrane domain, and a

zeta signaling domain.

The method of any one of claims 1-26, wherein the CAR comprises the GC33
scFv, linker amino acids, a short hinge, a CD28 transmembrane domain, a

CD?28 signaling domain, and a zeta signaling domain.

The method of any one of claims 1-26, wherein the CAR comprises the GC33
scFv, linker amino acids, a short hinge, a CD28 transmembrane domain, a 4-

1BB endodomain, and a zeta signaling domain.

The method of any one of claims 1-26, wherein the CAR comprises the GC33
scFv, linker amino acids, a short hinge, a CD28 transmembrane domain, a

CD28 endodomain, a 4-1BB endodomain, and a zeta signaling domain.
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INTERNATIONAL SEARCH REPORT

International application No.
PCT/US 15/52227

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - C12N 15/09, CO7K 16/28, C12N 5/10 (2015.01)
CPC - C12N5/0636, C12N 2510/00, C12N 2740/16041

According to International Patent Classification (IPC) or to both national classification and IPC

CPC: C12N 5/0636, C12N 2510/00, C12N 2740/16041

B.  FIELDS SEARCHED
Minimum documentation searched (classification system followed by classification symbols)
IPC(8): C12N 15/09, CO7K 16/28, C12N 5/10 (2015.01)

USPC: 424/134.1, 530/388.15, 435/7.23

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)

PatBase, Google Patents, Google Scholar, Google Web, search terms: Glypican-3, inhibiting proliferation, GPC3 positive, chimeric
antigen receptor (CARY), scFv antibody 3E11, 2G9, 4G5, 3D8, 2E10, GPC3 cancer cell, liver cancer, embryonal sarcoma, rhabdoid
tumor, Wilms tumor, hepatocellular carcinoma, Simpson-Golabi-Behmel syndrome

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2014/0044714 A1 (Ho et al.) 13 February 2014 (13.02.2014) para [0248], [0261], {0262], 1-4, 8/(1-4)
- {0267), [0285], [0293], (03077 ] e
Y 5-7, 8/5
Y Toretsky et al. Glypican-3 Expression in Wilms Tumor and Hepatoblastoma. Journal of 5, (6-8)/5
Pediatric Hematology/Oncology (November 2001) Vol 23, No 8, pp 496-499, abstract, pg 496,
col 2, para 1
US 2012/0040452 A1 (NISHIMURA et al.) 16 February 2012 (16.02.2015) para [0056) 6-7
Y

D Further documents are listed in the continuation of Box C.

[

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0Q” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

19 November 2011 (19.11.2015)

Date of mailing of the international search report

28DEC 2015

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US 15/52227

Box No. H Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

/]
3. X Claims Nos.: 9-30
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. HII  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1 D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. l___] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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