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CHIMERIC CHLOROTOXIN RECEPTORS

Inventors: Lawrence S. Lamb, Jr., Antonio Dh Stasi, Lansa Perchoeva, G. Yancey Gillespic

CROSS REFERENCE TO RELATED APPLICATION
This application cites priority to and claims the benefit of U.S. Provisional Patent

Application No. 62/432 404, filed December 9, 2016, currently pending.

BACKGROUND OF THE INVENTION
5 Immunoctherapy with antigen-specific T cells has shown promise in the treatment of
malignancies in preclinical models as well as in Phase | and 1 clinical studies. Une attractive
strategy to generate tumor-specific T cells is by genetic modification with chimeric antigen
receptors {CARs), which comprise an extracellular domam comprising an antigen recognition
moiety, a transmembrane domatn, and at least one imtracellular signaling domain {for example
10 an intraccHular signaling domain derived from the T-cell receptor CII3-zcta cham often
linked to costimulatory molecule endodomains).

Chlorotoxin (CTX) belongs to the peptide family of insectotoxins named for their
selective paralytic activity on insects and other invertebrates. The primary structure of
chiorotoxin comaprises 36 anuino acids including eight cvsicines and is classified as a short-

I5  chain, disulfide containing peptide. Rescarch has shown that C'TX has tumor binding activity.
Studies have shown that CTX was found to bind glioma cells as well as other tumor cells of
neurcectodermal origin mchuding melanomas, neuroblastomas, meduloblastomas and small
lung carcmomas. However those same studies showed that CTX was unable to bind normal
tissues from brain, skin, kidney and lung or other non-tumorigenic tissues derived from

20 neurological diseases such as Parkinson’s discase and Alzheimer’s disease. Studies have also
shown that C'TX displays antiangiogenic properties. While the oxact target or targets of CTX
are not confirmed, it is believed that CTX may act on a specific tvpe of chloride channel
found in certain cancer cells, such as glioma cells (CLC-3). Other CTX targets may include
matrix metalloprotemase-2 (MMP-2) and Annexin A2, Studies have alsc shown that CTX

25 has cell penetrating properties and may also be able to enter the brain via the circulatory
system although the exact mechanism by which CTX enters the brain has not vet been

confirmed.
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It would be desirable to leverage the preferential binding of CTX to various types of
tomor cells for designing novel CARs comprising CTX and CTX-like peptides {and

functional variants of the foregoing) as the antigen recognition moiety.

SUMMARY OF THE INVENTION

The mvention provides climeric antigen receptor(s) (CAR(s})) that comprise a fusion
protein of CTX or any functional vanant thereof or a CTX-like peptide or any functional
variant thereof as the extracellular antigen recognition moiety of the CAR. CAR(s)
comprising CTX, a CTX-like peptide or functional vanants of the foregoing are collectively
referred to herein as “CTX-CAR(s).” Such CTX-CAR(s) may further comprise additional
moieties or domams in the extracellular domain, a transmembrane domain and at least one
intracethilar signaling domain. Such UTX-CAR(s) may be expressed in a host cell, such as,
but not limited to, an immunc cffector cell. In certain embodiments, the mmmune effector cell
1sa T cell, a NK cell ora y8-T cell. The present invention alse provides methods of treatment
{such as, for example, methods for treating cancer} by providing to the patient in need thereof
mmmune effector cells that are engincered to express a CTX-CAR described herein.
DESCRIPTION OF THE BRAWINGS

FIG. 1 shows recombinant construct maps showing the design of a preferred CTX-
CAR as descrbed in Example 1 (fop panel) and the corresponding noUTX-CAR (bottom
panel).

FIG. 2 shows the CTX-CAR and the corresponding noCTX-CAR of FIG. | inserted
into a membrane.

FIG. 3 shows recombinant construct maps showing the design of additional CTX-
CARs in accordance with the mvention.

FIG. 4 are hine graphs showing the transfection efficiency of 293T cells to obtain
recombinant retroviruses compiising either a CTX-CAR described in Example 1 or a
corresponding noCTX-CAR (each as illustrated in FIG. 1), The shaded graph shows 2937
cells transfected with the CTX-CAR and noCTX-CAR and unshaded graph shows
untransfected 2937 cells. 293F cells were collected afier 72 hours and stained with anti-
CHZCH3 antibody {specific for CAR expression).

FIG. 5 18 a bar graph showing transduction efficiency of Jurkat and gamma delta T-
cells transduced with the CTX-CAR of Example 1 or the corresponding noCTX-CAR {(cach
as dlustrated in FIG. 1}, Jurkat and v3 T cell expansion were transduced with CTX-CAR and

0o0CTX-CAR viruses. Cells were collected after 72 hours and stained with CHCH: antibody.
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FIG. 6 shows the various polypeptide and amino acid sequences disclosed herein,

FIG. 7 shows Jurkat cells expressing a CTX-CAR of the present disclosure selectively
bind to human glhioma coll lines (U87; U251 and L.N229) as compared to human primary ccll
lines (human astrocytes; HA; and off T-cells; T LC). Black bars indicate transduction with

5 CTX-CAR and white bars indicate transduction with noCTX-CAR.

FiG. 8A shows the enhanced cytotoxity of effector cells expressing a CTX-CAR of
the present disclosure ({CTX-CAR) against the glioma cell line U251GL as compared with
effector cells expressing a CAR lacking CTX {(noCTX-CAR), mock transduced effector cells
(Mock} and Jurkat cells (Jurkat). Data 1s presented as % of specific luciferase reduction that

10 correlates with number of dead cells in nuxed culture,

FIG. 8B shows the enhanced cytotoxity of effector cells expressing a CTX-CAR of
the present disclosure (CTX-CAR) against the glioma cell line U87GL as compared with
cffecior cells expressing a CAR lacking CTX (noUTX-CAR), mock transduced effector cells
{(Mock) and Jurkat cells (Jurkat). Data is prosented as % of specific luciferase reduction that

15 correlates with member of dead cells in mixed culture.
DETAILED DESCRIPTION OF THE INVENTION

Definitions

Ag used n the specification and the appended claims, the singular forms “a,” “an,”
and “the” include plural referents unless the context clearly dictates otherwise. Thus, for

20 example, reference to “a support” includes a plurality of supports. In this specification and in
the claims that follow, reference will be made to a number of terms that shall be defined to
have the following meanings unless a contrary intention is apparent.

The term “chimeric antigen receptor(s) (CAR(8)}),” as used herein, refers to artificial
T-cell receptors, T-bodies, single-chain mmounoreceptors, chimeric T-cell receptors, or

25 chimeric immunoreceptors, for example, and encompass engineered receptors that graft an
artificial specificity onto a particular immane cffector cell (for example, an antigen
recognition domain}. CARs may be employed to impart the specificity of a monocional
antibody onto a T cell, thereby allowing a large number of specific T cells to be generated,
for example, for use i adoptive cell therapyv. In specific embodiments, CARs direct

30 specificity of the cell to a tumor associated antigen, for example. In some embodiments,
CARs comprise an imntracellular activation domain, a transmembrane domain, and an
extracetiular domain that may vary in length and comprises an antigen recognition domain,
which may be a tumor associated antigen recognition moiety. In particular aspects, CARs

comprise an extracelular domain comprising a CTX polypeptide, a UTX-like polypeptide or
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functional variants of the foregoing, fused to a transmembrane domain and an intracellolar

signaling domain/endodomain (in certain embodiments comprising CD3-zeta ({CD30}. The

specificity of other CAR designs may be denived from ligands of receptors {e.g., poptides). In

certain cases, the spacing of the antigen-recognition domamn can be modified to reduce

5 activation-induced cell death. In certain cases, the intraccthilar signaling domain of the CARs

comprise domains for additional co-stimulatory signaling, such as, but not himited to, FcR,

CD27, CD28, CD137, DAPLO, and/or OX40 in addition to CD3(. In some cases, molecules

can be co-expressed with the CAR, including co-stimulatory molecules, reporter genes for

imaging {¢.g., for positron emission tomography), gene products that allow host cells

10 expressing the CAR to swrvive in a treaiment covironment created by an additional

therapeutic treatment, gene products that conditionally ablate the host cells expressing the

CAR uvpon addition of a pro-drug, homing receptors, chemokines, chemokine receptors,

cviokines, and cytokine receptors.

"Immune cffector cell," as that term is used herein, refers to a cell that is mvolved in

15 an immune response, ¢.g., in the promotion of an immune effector response. Examples of

immune effector cells include T cells, alpha/beta T cells (aff T-cells) and gamma/delta T cells

(yd T-cells), mmor-infiltrating-lvmaphocvtes (T1Ls), lvmphokine-activated killer (LAK) cells,

memory T cells, regulatory T cells, cytotoxic T lymphocytes (CTLs), natural killer T (NKT)

cells B cells, natural killer (NK) cells, mast cells, and myeloid-derived phagocvies. Stem cells

20 that differentiate into these cells, can also be used. "lmmune effector function” or “immune

cffector response,” as that tern s used herein, refers to a function or response, e.z., of an

mmmune effector cell, that enhances or promotes an immune attack of a target cell. For

example, an immune effecior function or response refers a property of an immune effector

cell, such as but not limited to, a T-cell or NK cell, that promotes killing or the inbibition of

25 growth or proliferation, of a target cell. In the case of a T cell, primary stimulation and co-

stimulation are non-inclusive examples of immune effector function or response. An mmune

cffector function or response of a naive, stem-cell like, memory, or memory-type T cell
includes, but is not linited to, antigen-dependent proliferation.

As used herein, the terms “chlorotoxan”™ and “CTX” are used mterchangeably and

30 refer to a scorpion venom peptide comprising 36 amino acids having the amino acid sequence

MCMPCFTTDHQMARKCDDCCG GKGRGKOYG POCLCR) (SEQ 1D NO: 1) (UniProt

Accession # P43639).
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As used herein the terms “chlorotoxin-like peptides” or “CTX-like peptides™ are used
interchangeably herein and refer to sther peptides having similar primary structure to CTX
and mclude, but are not limited to, the following peptides:

Bs8 (UniProt# P15229; RCKPCFTTDP QMSKECADCC GGKGRGKCYG PQCLO); SEQ

5 IDNG:6;

Insectotoxin-i4 (UniProt# P60269; MCMPCFTTDH NMAKKCRDCC GGNGKCFGPQ

CLCNR), SEQ IDNO: 7:

Lgh 8/6 (UmProt# P55966; ROSPCFTTDG OQMTKECYDCC GGKGKGKCYG

PQCICAPY) SEQ ID NG: 8,
10 Insectotoxin-13 (UniProt# P60268; MCMPCFTTDH QTARRCRDCC GGRGRKCFG(

CLCGYD), SEQ 1D NOG: 9;

Insectotoxin-ISA (UniProt# P15222; MCMPCFTTDP NMAKKCRDCC GOGNGKCFGPQ

CLCNR), SEQ ID NO: 10;

MeuCiTx  (UniProt#  P8G401, TEAMCMPCFT TDHNMAKKCR DCCGGNGKCF
15 GYQCLCNRG); SEQ ID NG: 11, particularly amino acids 4-38 {resulting from the removal

of signal peptide amino acid residues 1-3);

GaTx1 (UniProt# P83066; CGPCFTTDHQ MEQKCAECCG GIGKCYGPQC LCNR); SEQ

IBDNG: 12

Insectotoxin-I5 {(UniProt# P60270; MCMPCFTTDP NMANKCRDCC GGGKKCFGPQ
206 CLUNR) SEQ ID NO: 13;

Insectotoxin-Il (UniProt# P15220; MCMPCFTTRP DMAQQCRACC KGRGKCFGPO

CLCGYD), SEQ ID NQ: 14,

Bmi2-b  (UniProt# Q9BJW4;, MKFLYGIVFI ALFLTVMFAT QTDGCGPCFT

TDANMARKCR ECCGGNGKCF GPOCLCNRE), SEQ ID NGO 135, particularly amino
25 acids 25-39 (resulting from the removal of signal peptide amino acid residues 1-24);

BmkK T (UniProt# Q9UADO, MKFLYGIVFI ALFLTVMFAT QTDGCGPCFT

TOANMARKCR ECCGGIGKCF GPQULCNRY); SEQ 1D NG: 16, particularly aming acids

25-39 {resulting from the removal of signal peptide ammo acid residues 1-24);

AaCtx (UniProt# PR6436; MCIPCFTTNP NMAAKCNACC GSRRGSCRGP QCIC); SEQ
36 IDNO: 17,

MeuCITx-1 (UniProt# P86402; MCMPCFTTIRP DMAQQCRDCC GGNGKCFGY(Q

CLCNR), SEQ ID NQ: 18;

Bs14 {(UniProté P59887, CGPCFTKDPE TEKKCATCCG GIGRCFGPQC LONRGY ), SEQ

D NO: 19;
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AmmP2 (UniProt# P01498; CGPCFTTDPY TESKCATCCG GRGKCVGPQC LONRI),

SEQ ID NGO: 20; and

BT=3  (UnmiProt#  P8i761; MKFLYGVILI ALFLTVMTAT LSEARCGPCF

TTDPOTOQAKC SECCGRKGGVERGPQCICGE YY) SEQ D NG 21, particularly amino
5 acids 25-61 {resulting from the removal of signal peptide amino acid residues 1-24) and amino

acids 25-62 {resulting from the removal of signal peptide amino acid residues 1-24 and pro-

peptide amino acid residue 62).

The term “administration” means introducing a compound, biclogical materials

inclading a cell population (such as a host cells expressing a UTX-CAR of the present

10 disclosure), or a combination thereof, of the present invention into a human or animal subject.
One preferred route of adminustration of the compounds is intravenous. Other preferred routes
of administration of the compounds may be intraperitoneal or intraplevral, or via a catheter
to the brain. However, any route of adnunistration, such as oral, topical, subcutangous,
peritoneal, intra-arterial, inhalation, vaginal, rectal, nasal, mtroduction into the cerebrospinal

15 flaid, or instillation into body compartments can be used. Direct injection into a target tissue
site such as a sohid tamor 1s also contemplated.

The term “therapeutically effective amount” as used herein refers to that amount of
the compound or therapeutically active composition being administered that will relieve to
some extent one or more of the symptoms of a disease, a condition, or a disorder being treated.

20 In reference to cancer or pathologies related to unregulated coll division, a therapeutically
cffective amount refers to that amount which has the effect of (1) reducing the size of a tumor,
(2) inhibiting (that 18, slowing to some extent, preferably stopping} aberrant cell division, for
example cancer cell division, (3) preventing or reducing the metastasis of cancer cells, and/or.
{(4) relieving to some extent {or, preferably, eliminating) one or more symptoms associated

25 with a pathology related to or caused in part by unregulated or aberrant celiular division,
mncluding for example, cancer, and angiogengsis.

The terms “treating” or “treatment” of a disease (o1 a condition or a disorder) as used
herein refer to preventing the discase from occurring in a human subject or an animal subject
that may be predisposed to the disease but does not vet experience or exhibit symptoms of

30 the disease (prophvlactic treatment), mhibiting the disease (slowing or arresting its
development}, providing relief from the symptoms or side-effects of the disease (including
palliative treatment), and/or causing regression of the disease. With regard to cancer, these
terms also mean that the hfe expectancy of an individual affected with a cancer may be

increased or that one or more of the symptoms of the disease will be reduced. With regard to
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cancer, “treating” also includes reducing a cancer, enhancing or prolonging an anti-tumor
response in a subject.

As used herein any form of administration of a “combination”, “combined therapy”

and/or “combined treatment regimen’” refers o at ieast two therapeutically active drugs or

5 compositions which may be admunistered simultanecusly, in either separate or combined

formulations, or sequentially at different times separated by minutes, hours or days, but in
some way act together to provide the desired therapeutic response.

The term “enhancing”, as used herein, refers to allowing a subject or tumor cell to

improve iis ability to respond to a treatment disclosed herein. For example, an enhanced

10 response may comprise an mncrease in responsiveness of at least 5%, 10%, 15%, 20%, 25%,

30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 98% or

more. As used herein, “enhancing” can also refer to enhancing the number of subjects who

respond to a treatment, such as a combination therapy comprising a UTX-CAR of the present

disclosure and chemotherapy, drug-resistant mmmunocompetent cells, and  tmmune

15 checkpomt mhibitors. For example, an enhanced response may refer to a total percentage of

subjects who respond to a treatment wherein the percentage is of at least 5%, 10%, 15%, 20%,

25%, 30%, 35%, 40%, 45%, 50%, 53%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 98%

> > £

[

O mMore.

The terms “subject” and “patient” as used herein include humans, mammals {c.g.,
20 cats, dogs, horses, etc.}, living cells, and other living orgamisms. A living organism can be as
simple as, for example, a single cukaryotic cell or as complex as a mammal. Typical paticots
are mammals, particularty primates, especially humans. For veterinary applications, a wide
variety of subjects will be suitable, ¢ g, hivestock such as cattle, sheep, goats, cows, swine,
and the like; poultry such as chickens, ducks, geese, turkeys, and the like; and domesticated
25 animals particularly pets such as dogs and cats. For diagnostic or research applications, a wide
variety of mammals will be saitable subjects, meluding rodents {e.g., muce, rats, hamsters),
rabbits, primates, and swine such as inbred pigs and the like. Preferably, a system includes a
sample and a subject. The term “living host™ refers to host or organisms noted above that are
alive and are not dead. The term “Hiving host” refers to the entire host or organism and not

30 just a part excised {e.g., a hver or other organ) from the living host.
The terms “gamma delta T-cells”, “y& T-cells” or “y6T7 ags used interchangeably
herein refers to a small subset of T-cells that express a distinct T-cell receptor (TCR) on their
surface. A majority of T-cells have a TCR composed of two glycoprotein chains called o- and

B-TCR chains. In contrast, in v T-cells, the TCR is made up of ong y-chain and one d-chain,
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This group of T-cells 15 usually much less common than off T-cells, bot are found at their
highest abundance in the got mucosa, within a population of lvmphocytes known as
miracpithelial lvmphocvtes (1ELs}). The antigenic molecules that activate y8 T-cells are sull
largely unknown. However, v& T-cells are peculiar in that they do not scem to require antigen
5 processing and MHC presentation of peptide epitopes although some recognize MHC class
IB molecules. Furthermore, v& T-cells are believed to have a promunent role in recognition of

lipid antigens, and to respond to stress-related antigens such as, MIC-A and MIC-B.

The term “antibody,” as used herein, refers to an immunoglobulin or a part thereof,
and encompasses any polypeptide comprising an antigen-binding site regardiess of the

10 source, specics of origin, method of production, and characteristics. Antibodics may be
comprised of heavy and/or light chains or fragments thercof. Antibodies or antigen-binding
fragments, vanants, or dertvatives thereof of the invention tnclude, but are not limited to,
polyclonal, monoclonal, multispecific, homan, humanized, pnmatized, or chimeric
antibodies, single chain antibodics, epitope-binding fragments, ¢.g., Fab, Fab’ and Flaby, Fd,

15 Fvs, single~chain Fvs (scFv), single~chain antibodies, disuifide-hinked Fvs (sdFv), fragments
comprising gither a VL or VH domain, fragments produced by a Fab expression library, and
anti-idiotyvpic (anti-1d) antibodies. ScFv molecules are known in the art and are described,
c.g.,in U.S. Pat. No. 5,892,019, Antibody molecules of the mvention can be of any tvpe (c.g.,
IgG, IgE, IgM, IgD. IgA, and IgY), class {c.g., IgGl, 1gG2, 1gG3, 1G4, IgAl and IgA2) or

20 subclass of immunoglobulin molecule.

The term “biologic therapeutic” or “biopharmacentical”, as used herein, refers to any
medicinal product manufactured in or extracted from biological sources. Biopharmaceuticals
are distinct from  chemically synthesized pharmaceutical products. Examples of
biopharmaceuticals include vaccines, blood or blood components, allergenics, somatic cells,

25 gene therapies, tissues, recombinant therapeutic proteins, mcluding antibody therapeutics and
fusion proteins, and living cells. Biologics can be composed of sugars, proteins or nucleic
acids or complex combinations of these substances, or may be living entities such as cells and
tissucs. Biologics are isolated from a variety of natural sources—human, animal or
microorganism—and may be produced by biotechnology methods and other technologics.

30 Specific exampies of bislogic therapeutics include, but are not imited to, immunostimulatory
agents, T cell growth factors, interleukins, antibodies, fusion proteins and vaccines, such as
cancer vaccines.

The term “cancer”, as used hercin, shall be given its ordinary meaning, as a general

term for discases in which abnormal cells divide without control. In particular, and in the
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context of the embodiments of the present invention, cancer refers to angiogenesis-related
cancer, such as, but not limited 1o, ghoma. Cancer cells can invade nearby tissues and can
spread through the bloodstream and lymphatic system to other parts of the body. There are
many types of cancer. Carcinoma is cancer that begins m the skin or in fissues that line or
5 cover internal organs. Glioma s a tumor that arises from the sepportive Cgluey™) tissue of
the brain, called glia, which helps to keep the neurons in place and functioning well. Sarcoma
is cancer that begins in boune, cartilage, fat, muscie, blood vessels, or other connective or
supportive tissue. Leukemia s cancer that starts in blood-forming tissue such as the bone
marrow, and causes large numbers of abnormal blood cells to be produced and enter the
10 bloodstream. Lymphoma is cancer that begins in the cells of the immune systen.

When normal cells lose their ability to behave as a specified, controlied and
coordinated unit, a tumor 18 formed. Generally, a solid tumor is an abnormal mass of tissue
that usually does not contain cysts or liquid areas (some brain tumors do have cysts and central
necrotic arcas filled with liguid). A single tumor may even have different populations of celis

15 within i, with differing processes that have gone awry. Solid tumors may be benign (not
cancerous), or malignant {cancerous). Different types of solid tumors are named for the type
of cells that form them. Examples of solid tumors are sarcomas, gliomas, carcinomas, and
Ivmphomas. Leukemias {cancers of the blood) generally do not form solid tumors.

Representative cancers include, but are not limited to, Acute Lymphoblastic

20 Leukemia, Adult; Acute Lymphoblastic Leukemia, Childhood; Acute Myeloid Leukemia,
Adult; Adrenocortical Carcinoma; Adrenocortical Carcinoma, Childhood; AIDS-Related
Lymphoma; AIDS-Related Malignancies; Anal Cancer; Astrocytoma, Childhood Cerchellar,
Astrocytoma, Childhood Cerebral; Bile Duct Cancer, Extrahepatic; Bladder Cancer; Bladder
Cancer, Childhood; Bone Cancer, OUsteosarcoma/Malignant Fibrous Histiocytoma;

25 Ghoblastoma, Childhood; Glicblastoma, Adult; Bram Stem Glioma, Childhood; Brain
Tumor, Adult; Brain Tumor, Brain Stem Glioma, Childhood; Brain Tumor, Cercbellar
Astrocytoma, Childhood; Brain Toemor, Cercbral Astrocyvtoma/Malignant Ghoma,
Childhood; Bramn Tumor, Ependymoma, Childhood; Brain Tumor, Medulloblastoma,
Childhood; Braim Tumor, Supratentorial Primitive Neuroectodermal Tumors, Childhood:

30 Bran Tumor, Visual Pathway and Hypothalamic Glioma, Childhood; Brain Tumor,
Childhood (Other}; Breast Cancer; Breast Cancer and Pregnancy; Breast Cancer, Childhood;
Breast Cancer., Male: Bronchial Adenomas/Carcinoids, Childhood: Carcinond Tumor,
Childhood; Carcinoid Tumor, Gastrointestinal; Carcinoma, Adrenocortical; Carcinoma, Islet

Cell. Carcinoma of Unkoown Primary; Central Nervous System Lymphoma, Primary;
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Cergbellar Astrocytoma, Childhood; Cerebral Astrocytoma/Malignant Glioma, Childhood;
Cervical Cancer; Childhood Cancers; Chronie Lymphocvtic Leukemia; Chronic
Myeclogenous Leukenia: Chronic Myveloproliferative Disorders; Clear Cell Sarcoma of
Tendon Sheaths; Colon Cancer; Colorectal Cancer, Childhood; Cutaneous T-Cell
Lymphoma; Endometrial Cancer; Ependymoma, Childhood; Epithelial Cancer, Ovarian;
Esophageal Cancer; Esophageal Cancer, Childhood; Ewing's Family of Tumors; Extracranial
Germ Cell Tumor, Childhood; Extragonadal Genm Cell Tumor; Extrabepatic Bile Duct
Cancer, Eve Cancer, Intraocular Melanoma; Eve Cancer, Retinoblastoma; Gallbladder
Cancer; Gastric (Stomach) Cancer; Gastric (Stomach) Cancer, Childhood; Gastromntestinal
Carcinoid Tumor; Germ Cell Tumor, Extracranial, Childhood; Gemm Cell Tumor,
Extragonadal, Germ Cell Tumor, Ovaran; (estational Trophoblastic Tumor, Glioma.
Childhood Brain 5tem; Ghioma. Childhood Visual Pathway and Hypothalamic; Hairy Cell
Levkemia; Head and Neck Cancer; Hepatocelhlar (Liver) Cancer, Adult (Primary);
Hepatocchular (Liver)y Cancer, Childhood (Primary); Hodgkin's Lymphoma, Adult;
Hodgkin's  Lymphoma, Childhood; Hodgkin's Lymphoma During  Pregnancy;
Hypopharyngeal Cancer; Hypothalamic and Visual Pathway Ghoma, Childhood; Intraccular
Melanoma; Islet Cell Carcinoma (Endocnne Pancreas); Kaposi's Sarcoma; Kidney Cancer;
Laryngeal Cancer; Laryngeal Cancer, Childhood; Leukemia, Acute Lymphoblastic, Adult;
Leukenna, Acute Lymphoblastic, Childhood; Leukemia, Acute Myeloid, Adult; Leukemia,
Acute Myeloid, Childhood, Leukesua, Chronic Lymphoovtic;, Levkemia, Chronic
Muvclogenous; Leukemia, Hairy Cell; Lip and Oral Cavity Cancer; Liver Cancer, Adult
(Primary}; Liver Cancer, Childhood (Primary); Lung Cancer, Non-5mall Cell; Lung Cancer,
Small Cell; Lymphoblastic Leukemia, Adult Acute; Lvrophoblastic Leukemia, Childhood
Acute; Lymphocviic Leukenua, Chronic; Lymphoma, AIDS-Related; Lymphoma, Central
MNervous System (Primary); Lymphoma, Cutaneous T-Cell; Lymphoma, Hodgkin's, Adult;
Lymphoma, Hodgkin's; Childhood; Lymphoma, Hodgkin's Puring Pregnancy, Lyvmphoma,
Non-Hodgkin's, Adult; Lympboma, Non-Hodgkin's, Childbood: Lymphoma, Non-Hodgkin's
During Pregnancy; Lymphoma, Primary Central Nervous System; Macroglobulinemia,
Waldenstrom's; Male Breast (Cancer; Malignant Mesothehoma, Adult; Malignant
Mesothelioma, Childhood; Malignant Thymoma; Medulloblastoma, Childhood; Melanoma,
Melanoma, Intraccular, Merkel Cell Carcinoma; Mesothelioma, Malignant; Metastatic
Sguamous Neck Cancer with Occult Primary; Multiple Endocrme Neoplasia Syndrome,
Childhood; Multiple Myeloma/Plasma Cell Neoplasm: Mycosis Fungoides; Myelodysplastic

Syndromes; Myelogenous Leukemia, Chronic; Myeloid Leoukemua, Childhood Acute;

10
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Myeloma, Multiple; Myeloproliferative Dhsorders, Chronic; Nasal Cavity and Paranasal
Sinus Cancer; Nasopharvngeal Cancer; Nasopharyngeal Cancer, Childhood; Neuroblastoma:
Neurofibroma; Non-Hodgkin's Lymphoma, Adult; Non-Hodgkin's Lymphoma, Childbood:;
MNon-Hodgkin's Lymphoma During Pregnancy; Non-Small Cell Lung Cancer; Oral Cancer,
5 Childhood; Oral Cavity and Lip Cancer; Oropharyngeal Cancer, Osteosarcoma/Malignant
Fibrous Histiocytoma of Boune; Ovarian Cancer, Childhood; Ovarian Epithelial Cancer;
Ovarnan Germ Cell Tumor, Ovarian Low Malignant Potential Tumor; Pancreatic Cancer;
Pancreatic Cancer, Childhood', Pancreatic Cancer, Isiet Cell. Paranasal Sinus and Nasal
Cavity Cancer; Parathyroid Cancer; Pemile Cancer, Pheochromocyvioma, Pineal and
10 Supratentorial Privutive Neuroectodermal Tumors, Childhood; Pituitary Tumor; Plasma Cell
MNeoplasm/Multiple Myeloma; Pleuropulmonary Blastoma; Pregnancy and Breast Cancer;
Pregnancy and Hodghkin's Lvmphoma; Pregnancy and Non-Hodgkin's Lymphoma; Primary
Central Nervous System Lymphoma; Pamary Liver Cancer, Aduli; Primary Liver Cancer,
Childhood; Prostate Cancer; Rectal Cancer; Renal Cell (Kidnev) Cancer; Renal Cell Cancer,
15 Childhood; Renal Pelvis and Ureter, Transitional Cell Cancer; Retinoblastoma;
Rhabdomyosarcoma, Childhood; Salivary Gland Cancer; Salivary Gland' Cancer, Childhood;
Sarcoma, Ewing's  Family of  Tumors;  Sarcoma,  Kapost's;  Sarcoma
(Osteosarcoma)/Malignant Fibrous Histiocytoma of Bone, Sarcoma, Rhabdomyosarcoma,
Childhood; Sarcoma, Soft Tissue, Adult; Sarcoma, Soft Tissue, Childhood; Sezary
20 Syadrome; Skin Cancer; Skin Cancer, Childhood; Skin Cancer (Melanoma); Skin Carcinoma,
Merkel Cell; Small Cell Lung Cancer; Small Intestine Cancer; Soft Tissue Sarcoma, Adult;
Soft Tissue Sarcoma, Childhood; Squamous Neck Cancer with Occult Primary, Metastatic,
Stomach (Gastrie} Cancer; Stomach {Gastric) Cancer, Childhood; Supratentorial Primitive
Neuroectodermal Tumors, Childhood; T-Cell Lymphoma, Cutancous; Testicular Cancer,
25 Thymoma, Childhood; Thymoma, Mahgnant; Thyroid Cancer; Thyroid Cancer, Childhood;
Transitional Cell Cancer of the Renal Pelvis and Ureter; Trophoblastic Tumor, Gestational;
Usknown Primary Site, Cancer of, Childhood; Unusval Cancers of Childhood; Ureter and
Renal Pelvis, Transitional Cell Cancer; Urethral Cancer; Uterine Sarcoma; Vaginal Cancer;
Visual Pathway and Hypothalanmue Ghoma, Childhood; Vulvar Cancer; Waldenstrom's

30 Macro globulinemia; and Wilms' Tumor, among others.
A tumor can be classified as malignant or benign. In both cases, there is an abuormal
aggregation and proliferation of cells. In the case of a malignant tumor, these cells behave
more aggressively, acquiring propertics of increased invastveness. Ultimately, the tumor celis

may even gain the ability to break away from the microscopic environment in which they
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originated, spread to another area of the body (with a very different environment, not normally
conducive to their growth), and continue their rapid growth and division in this new location.
This is called metastasis. Once mahgnant cells have metastasized, achieving a cure is more
difficult. Benign tumors have less of a tendency to invade and are less likely to metastasize.
5 The term “fusion protein”, as used herein, refers to chimeric molecules, which
comprise, for example, an antigen recognition domain for example, CTX, and at least one
heterologous portion, 1.¢., a portion with which 1t is not naturally hinked n nature. The anmino
acid sequences may nomally exist m separate proteins that are brought together in the fusion
polypeptide or they may normally cxist in the same protein but are placed in a new
10 arrangement in the fusion polypeptide. Fusion proteins may be created, for example, by
chemical synthesis, or by creating and translating a polyvnucieotide in which the peptide
regions are encoded m the desired relationship.

The terms “reducing a cancer,” “inhibition of cancer,” “inhibiting cancer” and simifar
terms are used interchangeably herein and refer to one or more of a reduction in the size or

15 volume of a tumor mass, a decrease in the number of metastasized tumors in a sabject, a
decrease in the proliferative status (the degree to which the cancer cells are multiplving) of
the cancer cells, and the like.

The term “expressed” or “expression” as used herem refers to the transcription from
a DNA sequence to give an RNA molgcule at least complementary in part to a region of one

20 ofthe two nmuckeic acid strands of the DNA sequence. The term “expressed” or “expression”
as used herein also refers o the transiation from said KNA molecule to give a protein, a
polypeptide, or a portion or fragment thereof.

The term “promoter” as used herein refers to the DNA sequence that determines the
stie of transcription inttiation from an RNA polviaerase. A “promoter-proximal element” may

25 be aregulatory scquence within about 200 base pairs of the transcription start site.

The term “recombinant cell” refers to a cell that has a new combination of nucleic
acid segments that are not normally present in the cell in nature and/or not covalently linked
to cach other i nature. A new combination of nucleic acid segments can be introduced into
an organism using a wide array of nucleic acid manipulation techniques available to those

30 skilled in the art. A recombinant cell can be a single cukarvotic cell, or a single prokaryotic
cell. or a mammalian cell. The recombinant cell may harbor a vector that is extragenomic. An
extragenomic nucleic acid vector does not insert mto the cell's genome. A recombinant cell
may further harbor a vector or a portion thereof that 1s mtragenomic. The term “miragenomic™

defines a nucleic acid construct mcorporated within the recombinant cell's genome.

12
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The terms “recombinant nucleic acid” and “recombinant DNA” as used herein refer

to combinations of at least two nucleic acid sequences that are not naturally found in a

cukaryotic or prokarvoiic cell and/or not covalently linked to cach other naturallv in a

cukaryotic or prokaryotic cell. The recombinant nucleic acid sequences mclude, but are not

5 hmuted to, one or more of a nucleic acid to be expressed in a host cell, nucleic acid vectors,

gene expression regulatory elements, ongins of replication, suitable gene sequences that when

cxpressed confer antibiotic resistance, protein-cncoding sequences, and the bike. The term

“recombinant polypeptide™ 1s meant to include a polypeptide produced by recombinant BNA

techniques (such as using a recombinant nucleic acid) such that it is distinct from a naturally

10 occurring polypeptide either in its location, concentration, purity or structure. Generally, such

a recombinant polvpeptide will be present in a cell in an amount different from that normally
obscrved m nature.

The terms “operably™ or “operatively linked” as used herein refer to the configuration

of the coding and control sequences so as to perform the desired function. Thus, control

15 sequences operably linked to a coding sequence are capable of effecting the expression of the

coding sequence. A coding sequence is operably binked to or under the control of

transeriptional regulatory regions in a cell when DNA polvmerase will bind the promoter

sequence and transcribe the coding sequence mnto mENA that can be translated into the

encoded protem. The control sequences need not be contiguous with the coding sequence, so

20 long as they function to direct the expression thercof. Thus, for example, mtervening

untranslated yet transcribed sequences can be present between a promoter sequence and the

coding sequence and the promoter sequence can still be considered “operably linked” 1o the

coding sequence.

The terms “heterologons” and “exogenous”™ as thev relate to nucleic acid sequences

25 such as coding sequences and control sequences denote sequences that are not normally

associated with a region of a recombinant construct or with a particelar chromosomal locus,

and/or are not normally associated with a particular cell. Thas, a “heterologous” region of a

oucleic acid construct is an identifiable segment of nucleic acid within or attached to another

nucleic acid molecule that is not found n association with the other molecule n nature. For

30 example, a heterologous region of a construct could mmclude a coding sequence flanked by

sequences not found in association with the coding sequence in nature. Another example of a

heterologous coding sequence is a construct where the coding sequence tself is not found

nature (¢.g., syathetic sequences having codons different from the native gene}. Similarly, a

13
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host cell transformed with a construct, which is not normally present in the host cell, would
be considered heterologous for purposes of this invention

Preferably, the promaoter will be modified by the addition or deletion of sequences, or
replaced with altemative sequences, including natural and synthetic sequences as well as

5 sequences that may be a combination of synthetic and nataral sequences. Many eukarvotic
promoters contain two types of recognition sequences. the TATA box and the upstream
promoter elements. The former, located upstream of the franseription initiation site, 18
nvolved m directing RNA polymerase to initiate transcription at the correct site, while the
latter appears to determine the rate of transeription and s upstream of the TATA box.

10 Enhancer eloements can also stimulate transcription from linked promoters, but many function
exclusively in a patticular cell type. Many enhancer/promoter elements derived from viruses,
¢.g., the SV40, the Rous sarcoma virus {RSV), and CMV promoters are active in a wide array
of cell types, and are termed “constitutive” or “ubiquitous.” The nucleic acid sequence
inserted in the cloning site may have any open reading frame encoding a polvpeptide of

15 interest, with the provisoe that where the coding sequence encodes a polypeptide of interest,
should lack cryptic splice sites that can block production of appropriate mRNA molecules
and/or produce aberrantly spliced or abnormal mRNA molecules.

The termination region that is employed primanily will be one of convenience, since
termination regions appear to be relatively interchangeable. The termination region may be

20 native to the mtended nucleic acid sequence of interest, or may be derived from ancther
SOUTCe.

The term “vector” as used herein refers to a polynucleotide comprised of smgle strand,
double strand, circelar, or supercoiled DNA or RNA | A typical vector may be comprised of
the followmmg clements operatively linked at approprate distances for allowing functional

25 gene expression: replication origin, promoter, enhancer, 3’ mRNA leader sequence, nnbosomal
binding site, nucleic acid cassette, termination and polyadenylation sites, and selectable
marker sequences. One or more of these clements may be omitted in specific applications.
The vector may also contain a nucleic acid cassette, which can include a restriction site for
msertion of the nucleic acid sequence to be expressed. In a functional vector the nucleic acid

30 cassette contains the nucleic acid sequence to be expressed meluding translation ritiation and
termination sites.

A vector 1s constructed so that the particular coding sequence (for example, a coding
sequence for a CTX-CAR of the present disclosure) is located in the vector with the

appropriate control sequences, the positioning and orientation of the coding sequence with

14
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respect to the control sequences being such that the coding sequence is operably hnked and/or
ig transcribed “under the control” of the control sequences. Modification of the sequences
encading the particular protein of interest may be desirable to achicve this end. For example,
in some cases it may be necessary to modify the sequence so that it may be operably hinked
5 1o the control sequences with the appropriate orientation or to maintain the reading frame.
The coutrol sequences and/or other regulatory sequences may be higated to the coding
sequence prior to insertion udo a vector. Alternatively, the coding sequence can be cloned
directly mto an expression vector that already contains the confrol sequences and an
appropriate restriction site that is in reading frame with and under regulatory control of the
10 control sequences.

The terms “transformation”, “transduction” and “transfection” all denote the

mitroduction of a polymucleotide into a recipient cell or cells.
The invention provides CAR{s) that comprise CTX or any functional variant thereof
or a CTX-like peptide or any functional varant thereof as the extracelhular antigen recognition
15 moiety. CARs comprising CTX, CTX-like peptides or functional vanants of the foregoing
are collectively referred to herein as “CTX-CAR(s)”. In certain embodiments, the CTX-CAR
comprises a single CTX, CTX-hke peptide or a functional variant of the foregoing. In certain
embodiments, the CTX-CAR comprises more than one CTX polypeptide, CTX-like peptide
or a functional varnant of the foregoing, such as from 1 to 3 (for example, 110 2 or 2 to 3 or
20 2104y UTX polypeptides, CTX-like peptides or a functional variants of the foregoing. When
owltiple CTX polypeptides and CTX-like peptides, ncluding functional vanants of the
foregoing, are present, they may be positioned sequentially or non-sequentially in the
extraceliular domaim and when positioned non-sequentially may optionally be separated by a
peptide hinker as descrbed herein. Such CTX-CAR(s) may further comprise additional
25 moieties or domawms m the extracelhular domain, a transmembrane domam and at least one
mitracclhdar signaling domain. CTX-CARs in accordance with the invention generally have
the following structure: 1) an exiracellular domain {also referred to herein as an
“ectodomain’) comprising an antigen recognition domain/moiety comprsing CTX or any
functional varnant thercof or a CTX-hke peptide or any functional vanant thereof, n) a
30 transmembrane domain and i1} an intracellular signaling domain (also referred to herein as
an “endodomain”). In certain embodiments. a peptide linker from 1 to 30 amino acids may
be present in the UTX-CAR to separate the various domains of the CAR. For example, a
peptide linker may be present between the antigen recognition domaim/moiety and other

domains which may be present in the extracellular domain, between the antigen recognition
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domain/extracellular domain and the transmembrane domain or between the transmembrane

domain and the intraceliular signaling domain. A peptide linker mayv be present between all

domams or only between a portion of the domains/motetics.  Furthermore, when the

mtracellular signaling domain compnises more than one element, a hinker peptide may be
5 present between some or all of the individual elements in the endodomain.

The intracellular signaling domain of the {TX-CAR of the invention is responsible
for activation of at least one of the normal e¢ffoctor functions of the host cell in which the
CTX-CAR 18 placed. The term “effector function” refers to a specialized function of a
differentiated cell. When the host cell is an immune effector cell, the intracelhular signaling

10 domain of the CTX-CAR of the invention is responsible for activation of at least one of a
normal mmmune effector function. Immune effector function of a T cell, for example, may be
cvtolyvtic activity or helper activity, mcluding, but not limited to, the secretion of cytokines.
Imumune effector function in anave, stem-cell Bke, memory, or memory-type T cell inchudes,
but is not limited to, antigen-~-dependent proliferation. Thus the term “jutraceliular signaling

15 domain” refors to the portion of a CTX-CAR that transduces the effector function signal and
directs the cell to perform a specialized function {for example, an effector function and/or an
immune cffector function). While usually the entire mntracellular signaling domain will be
emploved, in many cases it will not be necessary to use the entire intracetiular signaling
domain. To the extent that a truncated portion of the mtracctiular signaling domain may find

20 ase, such truncated portion may be used m place of the intact signaling domain as long as
such truncated portion still transduces the effector function/immune effector function signal.
The term intracellular signaling domain 1s thus meant to include any truncated portion of the
intracellvlar signaling domain sufficient to transduce the effector function/immune effector
function signal. Examples of intracellular signaling domains include, but are not imited 10, a

25 signaling domain from the zeta chain of the T-cell receptor (CD3 zeta; CD247) or any of its
homologs {¢.g., ota, dehta, gamma, or epsilon), MBI chain, B29, FeRUIL, FcRI, and
combinations of signaling and/or costimulatory molecules, such as CD3 zeta chan and CD2E,
D27, 4-1BR, DAP-10, OX40, and combinations thereof, as well as other similar molecules
and fragments as well as mutations to the foregoing, such as moditving the immunorecepior

30 tyrosine-based activation motif{s} (ITAMs), In certain embodiments, the signaling domam
comprises a D3 zeta sequence, which may be represented by the sequence
RVKFSRSADAPAYQQGONGLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNP
QEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLY QGLSTATKDTYDALHMQ
ALPP R (SEQ ID NO: 26). Intracellular signaling portions of other members of the families
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of activating proteins can be used, such as FoyRI and FeRE One of skill in the art will be
able to determine the corresponding signaling domains. Furthermore, any of the signaling
domain scquences may contain from 1 to 5 amino acid modifications, which may be selected
ag discussed herein.

5 Preferably, the intracellular signaling domain of a CTX-CAR comprises a sequence
encoding a costimulatory signaling domain. For example, the intracellular signaling domain
can comprise a sequence encoding a primary signaling domain and a sequence encoding a
costimutfatory signaling domain. In certain embodiments, the costimulatory domain is a
functional signaling domain from 41BB, 0X40 and/or CD28. A costimulatory domain from
10 OX40 may have the SCQUence
ALYLLRRDQRLPPDAHKPPGGGSFRTPIQEEQADAHSTLAKI (SEQ ID NO: 24). A
costimulatory domain from D28 may have the 3EQUENCS
RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS (8EQ ID NO: 25). A
costimulatory domain from 41BB may have the SSOUence
15 KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL (SEQ ID NG 27).
Preferably, the encoded costimulatory signaling domain comprises a functional signaling
domain of a protein chosen from one or more of CD27, CD28, 4-1BB (CD137), 0OX406, CD30,
CD40, PD-1, ICOS, lvmphocyte function-associated antigen-1 (LFA-1), CD2, CD7, LIGHT,
NKG2¢, B7-H3, a ligand that specifically binds with CD83, CDS, ICAM-1, GITR, BAFFR,
20 HVEM (LIGHTR), SLAMF7, NKp80 (KLRF1), CD160, CD19, Cb4, CD8o, CD3B, ILZRB,
IL2Ry, W7Ra, ITGA4, VLAL CD49a, 1TGA4, 1A4, CD49D, ITGAG6, VLA-6, CD49f
ITGAD, CDlid, ITGAE, CD103, ITGAL, Cblla, LFA-1, ITGAM, CD1 1b, ITGAX, (Dl I,
ITGBE, D29, ITGB2, CDIS, LFA-1, ITGB7. TNFR2, TRANCE/RANKL, DNAMI
(CD226), SLAMF4 (CD244, 2B4). CD84, CD9 (Tactile), CEACAMIL, CRTAM, 139
25 (CD229), CD160 (BYSS), PSGLL, CDI00 (SEMAA4D), CD69, SLAMFG (NTB-A, Lyl08),
SLAM (SLAMFI, CD150, IPG-3), BLAME (SLAMES), SELPLG (CD162), LTBR, LAT,
GADS, SLP-76, PAG/Chp, NKp44, NKp30, NKp46, or NKG2D. One of skill in the art will
be able to determine the corresponding fransmembrane regions from these polypeptides.
Furthermore, any of the costimulatory domain sequences may contain from 1 to 5 amino acid
30 modifications, which may be selected as discussed herein. In certain embodiments, the
signaling domain comprises CD3 zeta-CD28-0X40, D3 zeta-41BB, or CD28-41BB and

CD3 zeta~-CD28-4 BB,
Preferably the extracellular domain compnsing the antigen recognition domain is

linked to the ntracellular signaling domain via an extracellular spacer and/or a
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transmembrane domaimn. The extracellular spacer preferably comprises all or a portion of an

extraceliular region of a transmembrane protein. Preferably, the extracellular spacer sequence

comprises one of more of a hinge region and/or a portion of an immunoglobulin heavy chain

constant region (which may comprise CHI, a linker region, CH2 and/or CH3 domains), or

5 any combination thereof, of a human immunoglobulin, 1.e. IgA, IgD, IgE, g6, and IgM. In

certain embodiments, extracellular spacer comprises all or a portion of the hinge region of

buman Igi3. In certain crobodiments, extracellular spacer comprises all or a portion of the

hinge region of haman IgG1. In certain embodiments, the extracellular spacer comprises all

or a portion of the hinge region of human Igh and all or a portion of the hinge region of

10 human IgG1. In certain embodiments, the extracellular spacer comprises all or a portion of

the hinge region of human IgD and all or a portion of the CH2 and CH3 domains of the heavy

chain constant region of human IgGl. In certain embodiments, the extracellular spacer

comprises all or a portion of the hinge region of buman Igh, all or a portion of the hinge

region of human 1gG1 and all or a portion of the CHZ and CH3 domains of the heavy chain

15 constant region of human IgG1. In certain embodiments, extracellular spacer comprises all or

a portion of the hinge region of human IgG1 and all or a portion of the CHZ and CH3 domains

of the heavy chain constant region of human IgGl. In certain embodiments, extraceHular

spacer comprises all of the hinge region of human IgD, all or a portion of the hinge region of

hizman IgGG1 and the heavy chain constant region comprises all or a portion of the CH2 and

20 CH3 domains of human igG1. Preferably the hinge region aming acid sequence comprises

the binge region amino acid sequence from an tumunogiobulin, such from gl or lgGl,

wherein the amino acid seguence comprises from 1 to 5 amino acid modifications, which may

be selected as discussed herein. Preferably, the CHZ and CH3 domains of the heavy chamn

constant region comprises the CHZ and CH3 domain immunoglobulin heavy chain constant

25 region amino acid sequence from an mmmunoglobulin, such trom IgGl, wherein the amino

actd sequence comprises from 1 to 5 anuno acid modifications, which may be selected as

discussed herein. In any of the foregoing, the extracelludar spacer may further comprise a

linker, such as a linker having the sequence of SEQ 1D NG: 2 (Ser-Gly-Gly-Gly)y or SEQ 1D

NG 3 (Ser-Glv-Gly-Gly-Gly), which may be present having from | to 10 copies, linking the

30 extracellular spacer to the extracellular domain comprising CTX or CTX-like peptide {or a
functional variant of any of the foregoing).

In certain embodiments, the antigen recognition domain s linked to the

transmembrane domain via a flexible linker. The flexible hioker may be present in addition to

the extracellular spacer or imstead of the extracellular space described herein. o certain
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embodiments, the extracellular domam/antigen recognition domain 1s linked to the
extraceliular spacer via a flexible linker. Preferably the flexible linker comprises, for example.
glvcine and senne. Preferably, the flexible linker is comprised of a polypeptide having the
sequence of SEQ 1D NG: 2 (Ser-Gly-Glv-Glvin or SEQ ID NG: 3 (er-Gly-Glv-Gly-Givia,

5  wherein n is an integer from 1 to 10, Preferably, each flexible linker i3 a polypeptide
comprising from about 1-25 amino acids, preferably about 1-15 amine acids, preferably about
1-10 amino acids, preferably about 4-24 amino acids, preferably about 5-20 amino acids,
preferably about 5-135 amino acids and preferably about 5-12 ammo acids. Preferably, the
finker is (Ser-Gly-Gly-Gly )} wherein n is 3.

16 Preferably, the CTX-CAR of the mvention comprises a transmembrane domain that
corresponds to, or is derived or obtained from, the transmembrane domain of any molecule
known in the art. For example, the transmembrane domain can correspond to that of a CIi8
molecule or a CD28 molecule. CDR is a transmembrane glvooprotein that serves as a co-
receptor for the T-cell receptor (TCR), and is expressed primarily on the surface of cytotoxic

I5  T-cells. The most common form of CD8 exists as a dimer composed of a CD8a and CDSR
chain. CD28 is expressed on T-cells and provides co-stimulatory signals required for T-cell
activation. A transmembrane domain from a CDR polvpeptide may have the sequence
IYIWAPLAGT COGVLLLSLVI TLYC (SEQ 1D NG: 23), particularly amino acids 1-21, 1-
23 or 1-24 of SEQ 1D NO: 23). CD28 is the receptor for CDEG (B7.13 and CD86 (B7.2). A

20 wansmembrane domain from a CD2% polypeptide may have the sequence FWVLVVVG
GVLACYSLLV TVAFHFWV (SEQ 1D NO: 22). Preferably, the CD8 and CD28 are human.
Preferred transmembrane domamns of the CTX-CARs of the mnvention include, but are not
timited to, all or a portion of a transmembrane domain from a polypeptide selected from: an
alpha, beta or zeta chaio of a T-cell receptor, CD28, CD3 ¢psilon, D45, CD4, CD3, CDBS,

25 CDY CDls, CD22, CD33, CD37, CDo4, CD80, CD86, CD134, CDI37, CD154, KIRDS2,
0X40, CD2, CD27, LFA-1 (CDlla, CD18), ICOS (CB278}, 4-1BB (CD137), GITR, CD40,
BAFFR, HVEM (LIGHTR), SLAMF7, NKp&0 (KLRF1), CD160, CD19, ILZRB, IL2R v,
IL7Rg, TTGAL, VLAL CD49a, TTGA4, 1A4, CD4SD, ITGAS, VLA-S, CD49t, ITGAD,
CDld, ITGAE, CD103, ITGAL, D la, LFA-L, TTGAM, CDllb, ITGAX, CDl1 k¢, ITGBI,

36 D29, ITGE2, CD18, LFA-1, ITGB7, TNFRZ, DNAMI (CD226), SLAMF4 (CD244, 2B4),
CDh84, CDY96 (Tactile), CEACAMI, CRTAM, Ly9 (CD229), CD160 (BYSS), PSGLI,
CD100 (SEMA4D), SLAMFG (NTB-A, Lyl08), SLAM (SLAMF{, CD150, IPG-3), BLAME
(SLAMES), SELPLG (CD162), LTBR, PAG/Cop, NKpd4, NKp30, NKpd6, NKG2D, and/or
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NKG2C. One of skill in the art will be able to determing the corresponding transmembrane
regiong from these polypeptides.
The CTX-CAR can compnse any one of aforcmentioned transmembrane domains and
any one or more {¢.g., 1, 2, 3, or 4} of the aforementioned miracellular T-cell signaling
5  domains in any combmation. For example, a CTX-CAR can comprisc a CD28
transmembrane domain and mtracelular T-cell signaling domains of CD28 and CD3L
Furthermore, any of the transmembranc domain sequences may contam from 1 to 5 amino
acid modifications, which may be selected as discussed herein.
Preferred CTX-CARs of the invention comprse an antigen recognition domain
10 comprising CTX or a CTX-like peptide or functional variants of the foregoing, an optional
linker linking the antigen recognition domain to the extracellular spacer; an extracellular
spacer comprising all or a portion of a hinge region from an immunoglobulin molecule and
and/or ali or a portion of an immunoglobulin heavy chain constant region; a transmembrane
region derived from the transmembrane region of an immune effector cell; and an intracellular
15 signaling region comprising at least one signaling domain and an optional costimulatory
signaling domain as desenibed herein, The construct of a preferred UTX-CAR of the mvention
1s shown in FIG. | {top panel} comprising an antigen recognition domain comprising CTX, a
hinker comprising {(Ser-Gly-Glv-Glyys (8EQ ID NG: 2); an extracellular spacer comprising a
hinge region derived from the IgD hinge and the CH2CH3 domains of IgG1; a transmembrane
20 region derived from the transmembrane region of CD-28; and an intracellular signaling region
comprsing CD28/0x40 and CD3L. FIG. 1 (bottom pancl) also shows a CTX construct
lacking CTX or a CTX-like peptide or funciional vananis of the foregoing comprising a
random peptide sequence (MRLNLIK) (SEQ ID NO: 3), a linker comprising (Ser-Gly-Gly-
Glyp (SEQ 1D NO: 2); an extraceliular spacer comprising a hinge region derived from the
25 gD hinge and the CH:CH: domains of IgGl; a transmembrane region derived from the
transmembrane region of CD-28; and an mtracellular signaling region comprising
CD28/0x406 and CD3{. FIG. 2 shows the UTX-CAR and noCTX-CAR of FIG. 1 inserted
into a membrane.
Other preterred CTX-CARs of the invention are shown in FIG. 3. The CTX-CAR of
30 the construct at the top of FIG. 3 shows a typical first generation CTX-CAR comprising an
antigen recognition domain comprising CTX, a linker comprising (Ser-Gly-Gly-Glvs (SEQ
1D NO: 2); an extraceliular spacer comprising a hinge region derived tfrom the Igh hinge and
the CH2CH3 domains of IgGl; a transmembrane region derived from the transmembrane

region of C-28; and an intracellular signaling domain containing only CD3. The construct
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at the bottom of FIG. 3 shows a CTX-CAR comprising an antigen recognition domain

comprising CTX, a linker compiising {Ser-Gly-Gly-Gly i (SEQ 1D NO: 2); an extracellular

spacer comprising a hinge region derived tfrom the Igh hinge and the CHaCH: domains of

IeGl; atransmembrane region denved from the transmembrane region of CD-28; and lacking
5 afunctional mtracellular signaling domain.

Included in the scope of the invention are functional portions of the CTX-CAR
described hercin. The term "functional portion,” when used in reference to a CTX-CAR,
refers to any part or fragment of the CAR of the invention, which part or fragment retains the
biological activity of the UTX-CAR of which it 1s a part (the parent CTX-CAR}. Functional

10 portions cncompass, for example, those parts of a CTX-CAR that retain the abiity to
recognize target cells, or detect, treat, or prevent a disease, to a similar extent, the same extent,
or to a higher extent, as the parent CTX-CAR. In reference to a mucleic acid sequence
encoding the parent CTX-CAR, a nucleic acid sequence encoding a functional portion of the
CTX-CAR can encode a protein comprising, for example, about 10%, 25%, 30%, 50%, 68%,

15 80%, 90%, 95%, or more, of the parent CAR. A functional portion of a CTX-CAR can
contain additional amino acids at the amino or carboxy terminus of the portion, or at both
termun, which additional anino acids are not found in the amine acid sequence of the parent
CTX-CAR. Desirably, the additional amino acids do not interfere with the biological function
of the functional portion, ¢.g., recognize target cells, detect cancer, treat or prevent cancer,

20 etc. More destrably, the additional amino acids enhance the biclogical activity of the {UTX-
CAR, as compared to the biclogical activity of the parent CTX-CAR.

The mnvention also provides functional variants of the mmventive CTX-CAR. The term
“functional variant,” as used herein, refers to a CTX-CAR a polypeptide, or a protein having
substantial or significant sequence identity or similarity to a CTX-CAR of the present

25 disclosure, which functional vanant retains the biological activity of the CTX-CAR of which
it is a variant {the parent CTX-CAR). Functional variants encompass, for example, those
variants of the parent CTX-CAR that retain the ability to recognize target cells 1o a similar
extent, the same extent, or to a higher extent, as the parent CTX-CAR. In reference to a nucleic
acid sequence encoding the parent CAR of the present disclosure, a nucleic acid sequence

30 encoding a functional variant of the CTX-CAR can be for example, about 10% identical,
about 25% identical, about 30% identical, about 50% identical, about 65% identical, about
80% 1dentical, about 90% identical, about 953% 1dentical, or about 89% dentical to the nucleic

acid sequence encoding the parent CTX-CAR.

21



WO 2018/107134 PCT/US2017/065488

A functional variant can, for example, comprise the amino acid sequence of the CTX-
CAR with at least one amino acid modifications {such, as but not limited to, deletions,
insertions and substitutions) can be sclected, as would be known to one of ordinary skill
the art, to generate a desired CTX-CAR functional vanant. Guidelines for selecting an amino

5 acid modification are provided herein.

in one embodiment, the CTX-CAR of the present disclosure utilizes CTX as the
extraceliular antigen recognition moicty. In onc cmbodiment, the CTX-CAR of the present
disclosure atilizes CTX-like peptide as the extracellular antigen recognition moicty. In
another embodiment, the UTX-CAR of the present disclosure vtilizes a functional variant of

10 CTX as the extracellular antigen recognition motety. In another embodiment, the CTX-CAR
of the present disclosure utilizes a functional vanant of CTX as the extracellular antigen
recognition motety, wherein such fanctional variant of CTX contains one or more amino acid
modifications (such, as but not himited to, deletions, insertions and substitotions} as compared
to CTX (SEQ ID NG: 1. In another embodiment, the CTX-CAR of the present disclosure

15 utilizes a functional vanant of CTX as the extracellular antigen recognition moiety, wherein
such functional variant of CTX comprises a sequence which has 709%, 80%, 90%. 95% or
greater homology with SEQ 1D NO: 1. In another embodiment, the CTX-CAR of the present
disclosure utilizes a functional varant of a CTX-like peptide as the extraccliular antigen
recognition moiety. In another embodiment, the CTX-CAR of the present disclosure utilizes

20 a functional variant of a CTX-like peptide as the extracelhular antigen recognition moiety,
wherein such functional vaviant of a CTX-like peptide contains one or more amino acid
modifications {such, as but not himited to, deletions, insertions and substitudions) as compared
to a CTX-like peptide of SEQ 1D NOS; 6-21. In ancther embodiment, the CTX-CAR of the
present disclosure witlizes a functional varant of a CTX-like peptide as the extraccHular

25 antigen recognition moiety, wherein such functional variant of a CTX-like peptide has 70%,
80%, 90%, 95% or greater homology with a sequence of SEQ ID NO5; 6-21.

In certain embodiments, a functional variant of {TX or a TP X-like peptide retains all
of the cysteine residucs (generally 6) present in the parent polypeptide (CTX or a CTX-like
peptide). In certain embodiments, a functional variant has from 1-6 amino acid modifications

30 (forexample, a substitution, modification or deletion} with reference to the parent polvpeptide
(CTX or a UTX-like peptide). In certain embodiments, the functional variant has 1-2, 3-4 or
5-6 modifications. In certain embodmments, the amine acid modifications do not involve the
cvsteine residues (generally 63 present in the parent polypeptide (CTX or a CTX-like peptide).

The amino acid modifications (such, as but not limited to, deletions, msertions and
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substitutions) can be selected, as would be known to one of ordinary skill in the art, to generate
a desired CTX and/or UTX-like peptide functional vanant. For ¢xample, conservative
substitutions or substitutions of amino acids with similar propertics are expected to be
tolerated. In addition, specific deletions, msertions and substitutions found in related
5 polypeptides are expected to be well tolerated.

Conservative modifications to the amino acid sequence of SEQ 1D NOS: 1 and 6-21
{and the corresponding modifications to the encoding nucleotides) will produce functional
variants of CTX or a CTX-like peptide having functional and chemical characteristics similar
to those of naturally occurring CTX or UTX-like peptide. The phrase "conservative amino

10 acid substitution” or "conservative mutation” refers to the replacement of one amino acid by
another amino acid with a common property. Examples of conservative mutations nclude
amino acid substitutions of amino acids within the same amine acid subgroup, for example,
lysine for arginine and vice versa such that a positive charge may be maintained; glutamic
acid for aspartic acid and vice versa such that a negative charge may be maintained; senine

15 for threonime such that a free -OH can be maintained; and ghitamme for asparagine such that
a free ~NH2 can be maintained. A “conservative amino acid substitution” may involve a
substitution of a native amino acid residue with a nonnative residue such that there is little or
no effect on the polarity or charge of the amino acid residue at that position. Furthermore, any
native restdue in the polypeptide may also be substituted with alanine.

20 Conservative amino acid substitutions also encompass non-naturally occurning aming
acid residucs which are typically incorporated by chemical peptide synthesis rather than by
synthesis in biological sysiems. These include peptidomimetics, and other reversed or
inverted forms of amino acid moicties. It will be appreciated by those of skill in the art that
nucleic acid and polypeptide molecules descrbed herein may be chemically syothesized as

25 well as produced by recombinant means.

Naturally occurnng residues may be divided mmto classes based on common side chain
properties: 1} hydrophobic: norleucine, Met, Ala, Val, Leu, lle; 2) neutral hyvdrophilic: Cys,
Ser, Thr, Asn, Gln; 3) acidic: Asp, Glu; 4) basic: His, Lys, Arg; 3} residues that intluence
chain orientation: Gly, Pro; and 6} aromatic: Trp, Tyr, Phe.

30 Non-conservative aming acid substitutions are also contemplated, particularly when
such non-conservative amino acids occur in related polypeptides with similar activity. For
example, non-conservative substitutions may involve the exchange of a member of one of the
amino acid classes for a member from ancther class. Such substituted residues may be

mtroduced mito regions of the CTX or {TX-like peptide functional variants that are
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homologous with related CTX polypeptide orthologs, or into the non-homologous regions of
the molecule.
In making such changes, the hydropathic index of amino acids may be considered.
Each amino acid has been assigned a hvdropathic index on the basis of their hvdrophobicity
5  and charge characteristics, these are: isoleucine (+4.3); valine (+4.2); leucine (+3.8);
phenyvialanine {+2.8); cysteine/cystine {(+2.5); methionine (+1.9); alanine (+1.8); glyveine (-
(.4); threonine (-0.7); serine (~0.8}; tryptophan (-0.9); tyrosine (~1.3); proline (~-1.6); histidine
(-3.2); glutamate (-3.3); glutamineg (-3.5); aspartate (-3 .5}); asparagine (-3.5); lysine (-3.9); and
arginine {-4.5}. The importance of the hydropathic amino acid index i conferring interactive
10 biological function on a protein is understood m the art (Kyte et al, J. Mol. Biol, 137:105-
131, 1982). It 1s known that certain amino acids may be substituted for other amino acids
having a similar hydropathic index or score and still retain a similar biological activity. In
making changes based upon the bydropathic index, the substitution of amino acids whose
bydropathic indices are within +/- Z may be used; in an alternate embodiment, the hydropathic
15 indices are with +/- 1; in vet another alternate embodiment, the hvdropathic indices are within
+i- 0.5
It is also understood 1 the art that the substitution of like amino acids can be made
cffectively on the basis of hvdroplibicity. The greatest local average hydrophilicity of a
polypeptide as governed by the hvdrophilicity of its adjacent amino acids, correlates with a
20 biological property of the protein. The following hydrophilicity values have been assigned to
amino acid residues: arginine {+3.0); lysine (+3.0); aspartate (+3.0.+-.1}; glutamate (+3 0.+
1) senne (+0.3); asparagime (+0.2}; glutamine (+0.2}; glveine (0); threonine (-0.4); proline
(-0.5 +-1); alanine (-0.3); histidine (-0.3); cysteine (-1.0); methionine (-1.3); valine {(-1.5);
leucine {-1.8); isoleucine {(-1.8); tyrosine (-2.3); phenvlalanine (-2.5}; tryptophan (-3 .4). In
25 making changes based upon similar hvdrophilicity values, the substitution of amino acids
whose hvdrophilicity values are within +/- 2 may be used; i an alternate embodiment, the
hydrophilicity values are with +/- 1, in vet another alternate embodiment, the hydrophilicity
values are within +/- 0.5
Desired amino acid substitutions {(whether conservative or non-conservative) can be
30 determined by those skilled in the art at the time such substitutions are desired. For example,
amino acid substitutions can be used to identify important residucs of a UTX or UFX-like
polvpeptide, or to increase or decrease the affinity of a CTX or CTX-like polyvpeptide with a
particular binding target in order to increase or decrease an activity (for example, an effector

function and/or an immune effector function) of a UTX-CAR of the present disclosure.
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in one embodiment, a functional varant of CTX 1s one that shares 50%, 70%, 80%,
90%, 95% or more identity with respect to the amino acid sequence of SEQ ID NG 1 Inone
embodiment, a functional vanant of CTX is one that shares 80%, 90%, 93% or more identify
with respect to the ammno acid sequence of SEQ ID NG: 1. In one embodiment, a functional
5 varant of UTX is onc that shares 95% or more identify with respect to the amino acid
sequence of SEQ IDNG: 1.
In one embodiment, a functional variant of a CTX-like polypeptide is one that shares
50%, 70%, 80%, 909, 95% or more dentify with respect to the amino acid sequence of one
of SEQ IDNOS: 6-21. In one embodiment, a functional vanant of a CTX-hike polypeptide is
10 one that shares 80%, 90%, 95% or more wdentify with respect to the amino acid sequence of
ong of SEQ ID NOS: 6-21. In one embodiment, a functional vanant of a CTX-hke
polvpeptide is one that shares 95% or more 1dentify with respect to the amino acid sequence
of one of SEQ D NOS: 6-21.
In one embodiment, a functional vanant of CTX is one that contains one or more
15 substitutions at positions corresponding to positions 1, 3, 10, 13, 14, 17, 25 and 36 (positions
with reference to SEQ 1D NO: 1) In one aspect of such embodiment, preferable substitutions
for such CTX functional variants at the indicated positions include: Arg for Met at position
1; Lys or Ser tor Met at posttion 3; Pro or Gln for His at position 10; Ser or Thr for Ala at
position 13; Lys for Arg at position 14; Ala or Tyr for Asp at position 17; Lys for Arg at
20 position 25; and Ala for Arg at position 36. In certain aspects of such embodiments, the
functional variant of CTX contains 6 or fower substitutions from the indicated positions, 4 or
fewer substitutions from the indicated positions or 2 or fewer substitutions from the mdicated
positions.
In one embodiment, a functional vanant of CTX is one that containg one or more
25 substitutions at positions corresponding o positions 9-11, 14-13, 17-18, 25 and 29, with or
without a deletion of amino acids at positions 23 and 24 (positions with reference to SEQ 1D
NG: 1), In one aspect of such embodiment, preferable substitutions for such CTX functional
variants at the indicated positions include: Arg for Asp at position 9; Pro or Gin for His at
posttion 10; Asn or Asp for Gln at position 11; Lvs, Gln or Asn for Arg at position 14; Arg
30 or Gln for Lys at position 15; Asn, Ala, Arg or Tyr for Asp at position 17; Glu or Ala for Asp
at position 18; Tyr, Lvs, He, Gly or Asn for Arg at position 25; Phe for Tyr at position 29;
and Asn or Ala for Arg at position 36. In another aspect of such embodiment, preferable
substitutions for such CTX functional variants at the indicated positions include: Arg for Asp

at position 9; Pro for His at position 10; Aso for Gln at position 11; Lys or Gin for Arg at
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posttion 14; Gln for Lys at position 15; Arg for Asp at position 17; Ala for Asp at position

18; Asn for Arg at position 25; Phe for Tyr at position 29; and Asn for Arg at position 36. In

certain aspects of such embodiments, the functional vanant of CTX contains 6 or fower

substitutions from the ndicated positions, 4 or fewer substifutions from the mdicated
5 positions or 2 or fewer substitutions from the indicated positions.

In one embodiment, a functional vanant of CTX is one that containg substitutions at
posttions corresponding to posttions 1, 3, 9-15, 17-18, 21, 25-26, 29-31 and 36 with or without
a deletion of amino acids at positions 23 and 24 (positions with reference to SEQ ID NG: 1),
I one aspect of such embodiment, preferable substitetions for such CTX functional variants

10 atthe indicated positions include: Arg for Met at position 1; Lys, Ser or Gly for Met at position
3; Arg for Asp at position 9; Pro or Gln for His at position 10; Asn or Asp for Gln at position
11: Tyr for Mot at position 12; Ser, Thr or Glu for Ala at position 13; Lys, Gln or Asn for Arg
at position 14; Arg or (in for Lvs at position 15; Asn, Ala, Arg or Tyr for Asp at position 17,
Glu or Ala for Asp at position 18; Arg or Lys for Gly at position 21; Tyr, Lys, He, Gly or

15 Asnfor Arg at position 25; Lys for Gly at position 27; Phe for Tyr at position 29; Phe for Gly
at position 30; Gly or Tyr for Asp at position 31; and Asn or Ala for Arg at position 36, In
certain aspects of such embodiments, the functional variant of CTX contains 12 or fower
substitutions from the indicated positions, 10 or fewer substitutions from the indicated
positions, § or fewer substitutions from the indicated positions, 6 or fewer substitutions from

20 the indicated positions, 4 or foewer substitutions from the indicated positions or 2 or fewer
substitutions from the indicated positions.

In another embodiment, the functional vanant of CTX s a polypeptide having the
sequence of amino acids 2-36 of SEQ 1D NO: 1. In one aspect of such embodiment, the CTX
variant may have the amino acid substitutions described for amino acids 1, 3, 10, 13, 14, 17,

25 25 and 36, the anuino acid substitutions desceribed for amimo acids 9-11, 14-15, 17-18, 25 and
29 above or the amino acid substitutions described for amino acids 1, 3, 9-15, 17-18, 21, 25-
26, 29-31 and 36 above.
In another embodiment, the functional varnant of CTX is a polypeptide having the
sequence of amino acids 1-33 of SEQ 1D NO: 1. In one aspect of such embodiment, the CTX
30 vanant may have the amino acid substitutions described for amino acids 1, 3, 10, 13, 14, 17,
25 and 36, the amino acid substitutions described for amino acids 9-11, 14-15, 17-18, 25 and
29 above or the amino acid substitutions described for amino acids |, 3, 9-15, 17-18, 21, 25-

26, 29-31 and 36 above.
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In another embodiment, the functional vanant of CTX s a polypeptide having the
sequence of amino acids 2-35 of SEQ 1D NO: 1. In one aspect of such embodiment, the CTX
variant may have the amino acid substitutions described for amino acids 1, 3, 10, 13, 14, 17,
25 and 36, the amuno acid substitutions descenbed for amino acids 9-11, 14-15, 17-13, 25 and

5 29 above or the amino acid substitutions described for amino acids 1, 3, 9-15, 17-18, 21, 25-
26, 29-31 and 36 above.

A CTX-CAR according to the prescut mvention can be produced by any means known
in the art, though preferably it is produced using recombinant DNA techniques. A nucleic
acid sequence encoding the several regions of the UTX-CAR can prepared and assembiled

10 into a complete coding sequence by standard techoiques of molecular cloning {genomic
library screening, PCR, primer-assisted ligation, site-directed mutagenesis, e¢tc.). The
resulting coding region is preferably inserted into an expression vector and used to transform
a suitable cxpression host cell hine, such as an mmmune effector cells, preferably a T
tvmphocvte cell line, and most preferably an autologous T lymphocyie cell line, a third party

15 derived T cell hine/clong, a transformed humoral or xenogenic immunologic effector cell line,
for expression of the CTX-CAR. Natural killer (NK) cells, macrophages, neutrophils, tumor-
mfiltrating-lyrophocyies (TiLs), lymphokine-activated killer (LAK) cells, memory T cells,
regulatory T cells, cviotoxic T tymphocvies (CTLs), gamma delta T cells {y5-T cells) and
stem cells that differentiate into these cells, can also be used. Preferably vo-T cells are ased

20 as the host cell fine. As used herein, a “nucleic acid construct” or “mucleic acid sequence” is
intended to mean a nucleic acid molecule, such as a DNA molecule, that can be transformed
or introduced into an expression host cell line, such as, but not limited to, a T cell, and be
expressed to produce a product (¢.g., a chimeric receptor). Therefore, the invention further
provides an isolated or purified nucleic acid sequence encoding the CTX- CARs of the

25 invention. "Nucleic acid sequence” 18 intended to encompass a polymer of DNA or RNA ie.,
a polynucleotide, which can be single-stranded or double-stranded and which can contain
non-natural or altered oucleotides. The terms "nucleic acid” and "polynucleotide” as used
herein refer to a polvmene form of nucleotides of any length, either ribonucleotides (RNA)
or deoxyribonucleotides (DNA}. These terms refer fo the primary structure of the molecule,

30 and thus include double- and simgle-stranded DNA, and double- and single-stranded RNA.
The terms include, as equivalents, analogs of either RNA or DNA made from nucleotide
analogs and modified polvnucieotides such as, though not himited to methviated and/or
capped polynucleotides. In the nucleic acid construct emploved in the present invention, the

promoter is operably linked to the nucleic acid sequence encoding a CTX-CAR of the present
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nvention, 1.¢., they are positioned so as to promote transcription of the messenger RNA from
the DNA encoding the chimeric receptor. The promoter can be of genomic origin or
synthetically generated. A varicty of promoters for use in T cells are well-known in the art.
The promoter can be constitutive or inducible, where induction is associated with the specific
5 cell type or aspecific level of maturation, forexample. Alternatively, a number of well-known
viral promoters are also suitable. Promoters of interest include the B-actin promoter, SV40
carlv and late promoters, immunoglobulin promoter, buman cytomegalovirus promoter,
retrovirus promoter, and the Friend spleen focus-forming virus promoter. The promoters may
or may uot be associated with enhancers, wherein the enhancers may be naturally associated
10 with the particular promoter or associated with a different promoter.

The varous mampulations for preparing the CTX-CARs of the mvention can be
carried out in vitro and preferably the CTX-CAR chimeric construct is introduced into vectors
for cloning and expression in an appropriate host cell using standard transformation or
transfection methods. Thus, after cach manmipulation, the resulting construct from joining of

15 the DNA sequences is cloned, the vector isolated, and the sequence screened to ensure that
the sequence encodes the desired chimeric receptor. The sequence can be screened by
restriction analvsis, seguencing, or the like. Therefore, the invention comprises vectors
encodimg CTX-CARs of the invention or functional equivalents thereof.

Appropriate hosts cells for expressing the constructs of the invention include any

20 immune effector coll which 1s capable of killing target cells when activated, preferably a T
tvmphocvte cell line, and most preferably an autologous T lymphocyie cell line, a third party
derived T cell hine/clone, a transformed humoral or xenogenic immunologic effector cell line.
Natural killer (NK) cells, macrophages, neutrophils, tomor- infiltrating-tvmphocytes (TiLs),
lymphokine-activated killer (LAK) cells, memory T cclls, regulatory T cells, cyiotoxic T

25 lvmphocyies {CTLs), ganmma delta T cells (v6-T cells) and stem cells that differentiate nio
these cells, can also be used. Preferably v8-T cells are used as the host cell line.

As 18 well-knowa to one of skill in the art, various methods are readily available for
tsolating and expanding these celis from a subject. For example, using cell surface marker
expression or using commercially available kits. It s contemplated that the climeric

30 construct can be mtroduced into the subiect’'s own T cells as naked DNA or in a suitable
vector. Methods of stably transfecting T cells by electroporation using naked DNA are known
in the art. Naked DNA generally refers to the DNA encoding a chimeric receptor of the

present wmvention comtaimed in a plasmid expression vector in proper orentation for

28



WO 2018/107134 PCT/US2017/065488

expression. Advantagecusly, the use of naked DNA reduces the ime required to produce T
cells expressing the chimeric receptor of the present invention.
Therefore, the invention comprises host cells containing (1.¢., transformed or
transduced with) vectors encoding CTX-CAR(s) of the mvention, as well as functional
5 variants thereof. Preferably the host cells are immune effector cells, preferably Tocells, a T
bymaphoovte cell ine, and most preferably an autologous T lymphocyte cell line, a third party
derived T cell line/clone, a transformed humoral or xenogenic inununologic cffector cell line,
for expression of the CTX-CAR. Natural killer (NK} cells, macrophages, neutrophils, tumor-
infiltrating-lviaphocyies {TiLs), lymphokine-activated kifler (LAK) cells, memory T cells,
10 regulatory T cells, cyvtotoxic T tvmphocvtes {CTLs), gamma delta T cells {(yo-T cclis) and
stem cells that differentiate into these cells, can also be used. Preferably va-T cells are use
as the host cell hine. T-cells. Ounce it 1s established that the transfected or transduced T cell s
capable of expressing the chimeric receptor as a surface membrane protein with the desired
regulation and at a desired level, it can be determined whether the chimeric receptor 1is
15 functional m the host cell to provide for the desired signal mduction. Subsequently, the
transduced T cells are reintroduced or adminisiered to the subject to activate anti-tumor
responses in the subject.
In one embodiment, the invention comprises host cells comprising (i.¢., transformed
or transduced with} at least one vector encoding (i.¢., directing the expression ofy a CTX-
20 CAR(s) of the present disclosure, as well as functional variants thereof, and a survival factor
as disclosed hercin. Any CTX-CAR of the present disclosure may be used. Furthermore, the
at least one vector may encode (i.e., directing the expression of) a stress-induced antigen
receptor {such as but not limited to, NKG2D. As discussed herein, the survival factor allows
the host cell to survive in a treatment environment created by an additional therapeutic
25 treatment. In certain embodiments, a single vector encodes the CTX-CAR and the survival
factor. In certain embodiments, a single vector encodes the CTX-CAR, the survival factor
and the stress-induced antigen receptor. In certain embodiments, more than one vector
encodes for the CTX-CAR, the survival factor and the stress-induced antigen receptor (for
example, a vector encoding the CTX-CAR and the survival factor and a vector encoding the
30 stress-induced antigen receptor),
In ¢ertain embodiments, the host cell comprising at least one vector directing the
expression of a chimeric antigen receptor {CAR) and a survival factor (and optionally a stress-
mduced antigen receptor) is isolated or purified. In certain embodiments, the host cell

comprising at least one vector directing the expression of g chimeric antigen receptor {CAR)
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and a survival factor (and optionally a stress-induced antigen receptor) is isolated or punfied
isavydT cell. Preferably the host cells expressing the CTX-CAR of the present disclosure
are immune cffoctor cells, preferably T-cells or NK cells, and more preferably v&-T cells,
Such host cells may be optionally engincered to express a survival factor {such as a
5 polypeptide that confers resistance to one or more chemotherapy agents} that allows the host
cell, for example, an immune effoctor ¢ell, to survive in a treatment environment created by
an additional therapeutic treatment (for example, a chemotherapeutic agent). Such cells are
referred to herein as drug resistant (DR} cells and there use in therapy is referred to herein as
“drug resistant immunotherapy” (BRI}, DR cells and DRI is described in WO 2011/053750,
10 the teachings of which are hereby incorporated by reference into the present application. The
survival factor may be any factor known in the art that provides resistance to a treatment
regimen and/or allows the cells comprising the survival factor and a CTX-CAR of the present
disclosure to survive in a treatment environment (such as a chemotherapy treatment
environment). In certain embodiments, the additional therapeutic treatment 1s treatment with
15  a nucleoside-analog chemotherapy drug, alkylating agent, antimetabolite, antibiotic,
topoisomerase inhibitor, mitotic inhibitor, differentiating agent, or hormone therapy agent
and the survival factor provides resistance fo the additional therapeutic treatment. o certain
embodiments, the survival factor 18 MGMT, multidrug resistance protein 1 (MDR1), or §
nucleotidase H (N'T5C2}. Other survival factors include, for example, a drug resistant variant
20 of dihydrofolate reductase {L22Y -DHFR) and thymidylate synthase. Preferably, the survival
factor inis MGMT. However, other survival factors may be used depending on the nature of
the treatment environment (1.¢., what other treatment regimens are being given to the patient

in combination with the cells compositions of the present disclosure).
As used herein the phrase “survive in atreatment covironment created by an additional
25 therapeutic treatment” may be used interchangeably with the phrase, “survive m the presence
of an additional therapeutic treatment” and cach phrase refers to the ability of a host cell to
survive direct contact with an agent used in the additional therapeutic treatment or to survive
in the presence of cell toxicity in the environment of the cell compositions of the mvention
resulting from the use of an additional therapeutic treatment/agent while still performing 1ts
30 function. In one embodiment, the additional therapeutic treatment i3 treatment with an
additional therapeutic agent. Additional therapeutic agents for use with DRI include, but are
not limited to: alkyvlating agents {¢.g., cvclophosphamide, ifostamide, melphalan); metabolic
antagonists {g.g., methotrexate (MTX)}, S-fluorouractl or denivatives thereof), DNA

demethylating agents {also known as antimetabolites; e.g., azacitidine}, a substituted
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nucleotide; a substituted nucleoside; antitumor antibiotics {¢.g., mitomycin, adriamycin};
plant-derived antitumor agents {¢ g, vincristine, vindesine, TAXOL®, paclitaxel, abraxane);
cisplatin; carboplatin; etoposide; and the like. Such agents may further include, but are not
himited fo, the anti-cancer agents trimethotrexate (TMTX); temozolonmide (TMZ); raltitrexed;
5 S«{4-Nitrobenzyl}-6-thisinosine (NBMPR), 6-benzyguanidine (6-BG), nitrosourcas {for
example, bis-chioroethyinitroscurea, also known as BCNU and carmustine, lomusting, also
known as CCNU, +/- procarbazing and vincnstine (PCV regimen) and fotemusting);
doxorubicin; cytarabine; camptothecin; and a therapeutic dertvative of any thereof.

DR immune effector cells, such as, but not limited to, T cells, NK cells and preferably

10 v8-T cells, expressing a CTX-CAR of the imvention, may be produced by incorporating a
nucleic acid construct coding for and capable of expressing a CTX-CAR described herein and
a survival factor, and optionally other elements (for example, a suicide gene and/or a recepior
for a stress-induced antigen). In certain embodiments, a singlc nucleic acid construct codes
for the CTX-CAR and the survival factor, as well as the additional optional elements (for

15 example, a smicide gene and/or a receptor for a stress-induced antigen). In certam
embodiments, separate nucleic acid constructs code for cach the CTX-CAR and the sarvival
factor, and the optional other clements {for example, a suicide gene and/or a receptor for a
stress-induced antigen). In certain embodiments, a single nucleic acid construct codes for the
CTX-CAR and the sarvival factor and one or more mucleic acid constracts codes for the

20 additional optional elements {for example, a suicide gene and/or a receptor for a siress-
induced antigen).

Preferably the host cell expressing a CTX-CAR of the present disclosure {for example
an wmmaune effector cell, such as, but not limited to, T cells, NK cells and preferably v3-T
cells and including a DR mmmune effector cell) further comprises a receptor for a stress-

25 induced antigen. In cortain embodiments, the host cell expressing a CTX-CAR of the present
disclosure further comprises a gene encoding for the stress-induced antigen receptor. In
certain embodiments, the host cell expressing a CTX-CAR of the present disclosure naturally
cxpresses the stress-induced antigen receptor. In certamn embodiments, the DR tomune
effector cell further comprises a receptor for a stress-induced antigen. In certain embodiments,

30 the DR mnmune effector cell expressing a CTX-CAR of the present disclosure naturally
oxpresses the stress-induced antigen receptor. In certain embodiments of the foregoing, the
stress-induced antigen receptor 1s an NKGD2. In certain embodiments, the stress-induced
antigen reccptor, including, but not limited to, the NKGD2 receptor is induced to an increased

level on the host cell, including a BR immune effector cell.
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Preferably the host cell expressing a CTX-CAR of the present disclosure {for example
an wmmaune effector cell, such as, but not limited to, T cells, NK cells and preferably v3-T
cells and including a DR immune effector cell) is a component of a composition that is
adminisiered to a subject.

5 In one embodiment, such composttion comprises a host cell expressing a CTX-CAR
of the present disclosure (for example an mmmune effector cell, such as, but not hmited to, T
cells, NK cells and preferably v8-T cells and including a DR immune effector cell) and an
additional immune system ccll. For example, the composition may comprise y& T cells
expressing a CTX-CAR of the present disclosure and NK cells or may comprise v6 T celis

10 expressing a CTX-CAR of the present disclosure and off T cells and NK cells. Preferably,
the composition comprises 8 T cells expressing a CTX~-CAR of the present disclosure and
an additional immune system cell, wherein the y38 T cells are present at greater than or equal
to 60% of the total cell population. In certaim embodiments, the composition comprises yo T
cells expressing a CTX-CAR of the present disclosure and NK cells, wherein the v8 T cells

15 arcpresent at greater than or equal to 60% ot the total cell population. In certain embodiments,
the composition comprises yo T cells expressing a CTX-CAR of the present disclosure and
NK cells, wherein the v T cells are present at greater than or equal to 60% of the total cell
population and the NK cells are present at less than or equal to 25%.  In cortain embodiments,
the composition comprises 7o T cells expressing a CTX-CAR of the present disclosure and

20 off T cells, wherein the v8 T cells are present at greater than or equal o 60% of the total cell
population. In certain embodiments, the composition comprises v T cells expressing a CTX-
CAR of the present disclosure and aff T cells, wherein the v3 T cells are present at greater
than or equal to 60% of the total cell population and the af} T cells are present at less than or
cqual to 5%. In certain embodiments, the composition comprises y5 T cells expressing a CTX-

25 CAR of the present disclosuwre and a3 T cells and NK cells, wherein the y8 T cells are present
at greater than or cqual to 60% of the total cell population. In certain embodiments, the
composition comprises v& T cells expressing a CTX-CAR of the present disclosure and g T
cells and NK cells, wherein the v& T cells are present at greater than or equal to 60% of the
total cell population, the o T cells are present at less than or equal to 5% of the total cell

30 population and the NK cells are present at less than or equal to 25% of the total ecll
population.

Preterably, the composition comprising a host cell expressing a CTX-CAR of the

present disclosure (for example an immune effector cell, such as, but not limited to, T celis,
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NK cells and preferably v8-T cells and including a DR immune effector cell} comprises
greater than or equal to 60%, 70%, 80%, 90%, 95% of a simgle type of immune sysiem cell.
In one aspect of the foregoing, the composition comprises greater than or equal to 60%, 70%,
80%, 90%, 95% of v& T cells, wherein the v& T cells express a CTX-CAR of the present
disclosure. In one aspect of the foregomg the composition comprises greater than or equal to
60%, v& T cells, wherein the v& T cells express a UTX-CAR of the present disclosure, and
less than or equal to 5% o3 T cells and less than or equal to 259% NK cells. The percentage
of various cell types present, in one embodiment, is determined by flow cytometry.

The use of the survival factor {(such as the MGMT gene), enables the compositions
comprising a host cell expressing a CTX-CAR of the present disclosure (for example an
immune effector cell, including a DR immune effector cell) of the present disclosure to
survive in a treatment environment created by an additional therapeutic treatment at a time
when the tumor 1s Bikely to be masumally stressed. The stress effect on the tumor in certain
embodiments increases the expression of stross antigens, which are recognized by receptors,
such as the NKG2D receptor, on the host cells (for example, v T cells). The dual effect of
nducing stress antigens and decreasing regulatory T cclls with chemotherapy significantly
improve tumor reduction over ecither individual regimen. Gene modification protecits the
compositions of the present disclosure from the lvophbodepleting effects of a chemotherapy
regimen, for example TMZ, and allows the cell compositions of the present disclosure
specific access to the tumor via TAA combined with unimpaired T cell cvtotoxic function at
the time that malignant cells are maximally stressed by chemotherapy. The use of DRI in
combmation with a CTX-CAR m accordance with the tnvention is referred to herein as “DR{
CTX-CAR” therapy, is believed to significantly prolong survival and reduce tumor burden
when compared with either chemotherapy {(for example, TMZ) treatment alone or 6 T cell
infusion, for example, alone and do so without significant adverse systemic or neurologic
consequences.

To facilitate adnunistration, the host cells expressing a CTX-CAR of the present
disclosure (for example, immune effector cells such, but not limited to, as T cells, NK cells
and preferably v8-T celis) can be made into a composition, including a pharmaceutical
composition, or made mio an implant appropriate for administration in vivo, with appropriate
carriers or diluents, which further can be pharmaceutically acceptable. The means of making
such a composition or an implant have been described in the art. Where appropriate, the host

cells expressing a CTX-CAR of the present disclosure can be formulated mnto a preparation
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in sermsolid or liquid form, such as a capsule, solution, mjection, mhalant, or acroscl, in the
usual ways for their respective route of administration. Mcans known in the art can be utilized
to prevent or minimize release and absorption of the composttion unti! it reaches the target
fissue or organ, or {0 ensure fimed- release of the composition. Desirably, however, a
5 pharmaceutically acceptable form is employed which does not ineffectuate the host cells
expressing a CTX-CAR of the present disclosure. Thus, desirably the host cells expressing a
CTX-CAR of the present disclosure can be made into a pharmaceutical composition
containing a balanced salt sohution, preferably Hanks' balanced salt sohution, or normal saline,
Therefore, the nvention includes pharmaceutical compositions comprising host cells

10 expressing a CTX-CAR of the present disclosure and host cells transformed or transduced
with vectors of the imvention. Suitably, the host cells are immume effector cells, for example,
such as, but not hnuted to, T cells, NK cells and preferably v8-T cells.

A pharmaceutical composition of the present nvention can be used alone or i
combination with other well-cstablished agents useful for treating cancer. Whether delivered

15 alone or in combination with other agents, the pharmaceutical composition of the present
invention can be delivered via various routes and to various sites in a mammalian, particularly
human, body to achieve a particular effect. One skilled in the art will recognize that, although
more than one route can be used for administration, a parficular route can provide a more
mmmediate and more effective reaction than another route. For example, intradermal delivery

20 may be advantageously used over inhalation for the treatment of melanoma. Local or systemic
delivery can be accomplished by administration comprising application or institlation of the
formulation into body cavities, inhalation or msufflation of an aerosol, or by parenteral
introduction, comprising intramuscular, mtravenous, intraportal, intrahepatic, peritoneal,
subcutancous, or intradermal administration.

25 A composition of the present invention can be provided mn unit dosage form wherein
cach dosage unit, ¢.g., an injection, contains a predetermined amount of the composition,
alone or in appropriate combination with other active agents. The term unit dosage form as
used hercin refers to physicallv discrete units suitable as unitary dosages for human and
amimal subjects, each unit containing a predetermined quantity of the composition of the

30 present invention, alone or in combination with other active agents, calculated m an amount
sufficient tc produce the desired effect, in association with a pharmaceutically acceptable
dituent, carrier, or vehicle, where appropnate. The specifications for the novel umt dosage
forms of the present invention depend on the particular pharmacodynamics associated with

the pharmaceutical composition in the particular subject.
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Preferably, a therapeutically effective amount or sufficient number of the host cells
cxpressing a UTX-CAR of the present disclosure, either present alone or as a part of a
composition, is introduced nto the subject such that a long-term, specific, response is
cstablished. In one embodiment, the response includes inhibition of cancer. In one

5 cmbodiment, the response is the reduction in size of a tumor or elimitnation of kumor growth
or regrowth or a reduction in metastasis to a greater degree than would otherwise result inthe
absence of such treatment with a CTX-CAR of the present disclosure. Desirably, the amount
of host cells expressing a CTX-CAR of the present disclosuwre introduced mmto the subject
causes a 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%., 95%, 98%, or 100% decrease in

10 tumor size when compared to otherwise same conditions wherein the host cells expressing a
CTX-CAR of the present disclosure are not present.

Accordmgly, the amount of host cells expressing a CTX-CAR of the present
disclosure administered should take into account the rowte of administration and should be
such that a sufficient number of the host cells expressing a CTX-CAR of the present

15 disclosure will be introduced so as to achieve the destred therapeutic response. Furthermore,
the amounts of cach host cells expressing a CTX-CAR of the present disclosure or other cell
included in the compositions described herein (¢.g., the amount per each cell to be contacted
or the amount per certain body weight) can vary 1o different applications. In general, the
concentration of host cells expressing a CTX-CAR of the present disclosure destrably should

20 be sufficient to provide in the subject being treated at least from about IxI0° to about IxI0!
host cells, even more desirably, from about 1x107 to about 5x10° host cells, although any
suitable amount can be utilized either above, ¢.g., greater than 5x10% cells, or below, e.g., less
than 1x107 cells. The dosing schedule can be based on well-established cell-based therapies
or an altemnate continucus mmfusion strategy can be emploved.

25 These values provide general guidance of the range of host cells expressing a CTX-
CAR of the present disclosure to be atilized by the practitioner upon optimizing the method
of the present invention for practice of the invention. The recitation herein of such ranges by
no means precludes the use of a higher or lower amount of 3 component, as might be
warranied in a particular application. For example, the actual dose and schedule can vary

30 depending on whether the compositions are admunistered in combination with other
pharmmaceutical  compositions, or depending on  uder-individual  differences
pharmacokinetics, drug disposition, and metabolism. One skilled in the ant readily can make

any necessary adjustments i accordance with the exagencies of the particular situation.
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Suitable doses for a therapeutic effect would be between about 10° and about 10’ host
cells per dose, preferably m a series of dosing cyiles. A preferred dosing regimen consists of
four one-week dosing cycles of escalating doses, starting at about 10° cells on Day 0,
increasing incrementally up to a target dose of about 10 cells by Day 3. Suitable modes of

5 administration include intravenous, subcutaneous, intracavitary {for example by reservoir-
access device), intraperitoneal, and direct injection into a tumor mass.

The invention also provides mcthods method of inhibiting growth of a cancer
comprising contacting the cancer cell with a host ccll expressing a UTX-CAR of the present
disclosure. The invention also provides methods of treating cancer in a patient comprising

10 adounistering to the paticnt a therapeutically cffoctive amount of a host cell expressing a
CTX-CAR of the present disclosure or a composition of the mvention, such as a
pharmaceutical composition, comprising such host cells. Preferably the cancer to be treated
is of newrocctodermal ongin. Preferably the cancer to be treated s a malignant ghioma,
melanoma, neuroblastoma, medulloblastoma or small cell lung carcinoma.

i3 The invention includes cellalar therapy where host cells (for example, mmume
cffector cells such as T cells, NK cells and preferably v3-T cells) are genetically modified to
express a CTX-CAR and optionally genes for enabling DRI as described above, wherein such
host cells are mfused to a recipient in need thereof. The infused cells are able to kall tumor
cells in the recipient. Unlike antibody therapies, host cells expressing a CTX-CAR are ablke

20 to rephicate in vivo resulting in long-term persistence that can lead to sustained tumor control.

The mvention also includes a cellular therapy where host cells (for example, omunce
effector cells such as T cells, NK cells and preferably v8-T cells) are modified to transiently
cxpress a CTX-CAR of the invention and optionally genes for enabling DRI, wherein such
host cells are mfused to a recipient in need thereof. The infused cells are able to kil tumor

25 cells in the recipient. Thus, m various aspects, the immune effector cells (for example,
mmune effector cells such as, but not bmited to, T cells, NK cells and preferably v8-T cells)
administered to the patient, is present for less than one month, e.g., three weeks, two weeks,
one week, after administration of the immune effector cell to the patient.

In various aspects of such methods for cellular therapy, the host cells administered to

30 the patient, or their progeny, persist in the patient for at least four months, five months, six
months, seven months, eight months, nine months, ten months, eleven months, twelve
months, thirteen months, fourtcen months, fifteen months, sixteen months, seventeen months,

cighteen months, mnetesn months, twenty months, twenty-one months, twenty-two months,
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twenty- three months, two years, three years, four years, or five vears afier administration of
the host cells to the patient.
In one aspect, the fully-human bost cell expressing a CTX-CAR of the present
disclosure (for example, immune effector cells, such as T cells, NK cells and preferably vo-
5 T cellsy of the invention may be a type of vaceine for ex vive immuumization and/or it vivo
therapy i a mammal. In one aspect, the mammal is a human. With respect to ex vive
tmownization, at least one of the following occurs in vitro prior to administering the host cell
or composition, including a pharmaceutical composition, comprising the host cell into a
mammal: 1) expansion of the host cells, 11} mtroducing a nucleic acid encoding a CTX-CAR
10 to the host cells and/or ui) crvopreservation of the host cells expressing or capable of
expressing the CTX-CAR. Fx vivo procedures are well known i the art. Briefly, cells are
solated from a patient (e.g., a human) and genetically modified so as to express a CTX-CAR
of the present disclosure (1.¢., transduced or transfected i vitro with a vector expressing a
CTX-CAR disclosed hercin}. The CTX-CAR-modified host cell can be administered to a
15 patientto provide a therapeutic benefit. The patient is preferably a human and the CTX-CAR-
modified host cell can be autologous with respect to the patient. Alternatively, the host cells
can be allogeneic, syngeneic or xenogeneic with respect to the patient.
A host cell expressing a CTX-CAR of the present disclosure herein may be used in
combination with other known agents and therapies. In some embodiments, the dehivery of
20 ong treatment is still occurning when the delivery of the second begins, so that there 1s overlap
in terms of administration. This is sometimes referred to berein as "simultancous” or
"concurrent delivery”. Preferably, the delivery of one treatment ends before the delivery of
the other treatment begins. In either situation, the treatment 1s more effective because of
combmed administration. For example, the second treatment is more effective, c.g., an
25 equivalent effect is seen with less of the second treatment, or the second treatment reduces
symptoms to a greater extent, than would be scen if the second treatment were administered
in the absence of the first treatment, or the analogous situation is seen with the first treatment,
Preforably, delivery is such that the reduction in a symptom, or other parameter related to the
disorder 1s greater than what would be observed with one treatment delivered n the absence
30 of the other. The effect of the two treatments can be partially additive, wholly additive, or
greater than additive. The delivery can be such that an effect of the first treatment delivered
i3 still detectable when the second 1s delivered.
A host cell expressing a CTX-CAR of the present disclosure, and the at least one

additional therapeutic agent can be administered simultaneously, in the same or in separate
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compositions, or sequentially. For scquential admimstration, the host cell expressing a CTX-
CAR of the present disclosure can be administered first, and the additional agent can be
adnunistered second, or the order of administration can be reversed.

The CTX-CAR therapy, DRI-CTX-CAR therapy and/or other therapeutic agents,

5 procedures or modalities can be administered during periods of active disorder, or during a
period of rermission or less active discase. The CTX-CAR therapy or BRI-CTX-CAR therapy
can be adnunistered before the other treatment(s), concurrently with the other treatment (s),
after the other treatment(s) {(post-treatment}, or during remission of the disorder.

When administered in combination, the CTX-CAR therapy or BRI-CTX-CAR

10 therapy and the additional agent {¢.g., sccond or third agent), the amount or dosage of one or
all of the foregoing, can be administered in an amount or dose that 1s higher, lower or the
same than the amount or dosage of each agent used individaally, ¢.g., as a monotherapy. In
certain embodiments of the CTX-CAR therapy, DRI-CTX-CAR therapy, the additional agent
{c.g., second or third agent), the amount or dosage of one or all of the foregoing, is lower

15 {(e.g., at least 20%, at least 30%, at least 40%, or at least 50%) than the amount or dosage of
cach agent used individually, ¢.g., as a monotherapy. In other embodiments of the CTX-CAR
therapy, DRI-CTX-CAR therapy, the additional agent {¢.g., sccond or third agent), the
amount or dosage of one or all of the foregoing, that resulis in a desired effect (e.g., inhibition
of cancer) is lower {e.g., at least 209, at least 30%, at least 40%, or at least 50% lower) than

20 the amount or dosage of each agent used individually, ¢.g., as a monotherapy, required to
achieve the same therapeutic effect.

Preferably, host cell expressing a CTX-CAR of the present disclosure may be used in
combination with an additional therapeutic treatment, such ag, but not limited to, surgery,
chemotherapy, check pomnt inhibitors, radiation, iromunosuppressive agents, such as

25 cyclosporin, azathioprine, methotrexate, mycophenolate, and FK3506, antibodies, or other
mmunocablative agents such as CAMPATH, anti-CD3 antibodies or other antibody therapies,
cvioxin, fludarabine, FK306, rapamycin, mycophenolic acid, steroids, and cyickings. In
certain embodiments, the host cell expressing a CTX-CAR of the present disciosure is further
modified to be DR as deseribed herein and used in DRL

30 Any of the compositions described herein may be comprised in a kit. In a non-limiting
example, a chimeric recepior expression coustruct, one or more reagents {0 generate a
chimeric receptor expression construct, cells for transfection of the expression construct,
and/or one or more mstruaments to obtain autologous cells for transfection of the expression

construct (such an instrument may be a syringe, pipetie, forceps, and/or any such medically
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approved apparatus).  The kits may comprise one or more suitably aliguoted compositions

of the present invention or reagents to gencrate compositions of the invention. The
components of the kits may be packaged cither in aqueous media or in lyophilized form. The
container means of the kits may include at least one vial, test tube, flask, bottle, syvringe or

5 other container means, into which a component may be placed, and preferably, suttably
aliquoted. Where there are more than one component in the kit, the kit also will generally
contain a sccond, third or other additional container into which the additional componcnts
may be separately placed. However, various combinations of components may be comprised

in a vial. The kits of the present invention also will typically melude a means for containing

10 the chimeric receptor construct and any other reagent containers in close confinement for
commercial sale. Such containers may melude injection or blow molded plastic containers

into which the desired vials are retained, for example.

EXAMPLES
15 The following examples are offered by way of llustration and are not to be construed
as limiting the invention as claimed in any way.
Example 1-Methods for generating a CTX-CAR and noCTX-CAR,
To engineer T-cells expressing the CARs of the interest, CTX-CAR and the
noCTX001-CAR genes were synthesized using G-block technology (IDT). Briefly, for the
20 synthesis of the CTX-CAR the amino acid sequence of chlorotoxin (Scorpion venom; PRF:
445665y MCMPCFTTDHOMARKCDDCCGGKGRGKCYGPOQCLCR (SEQ ID NO: 1) was
converted to nucleotide using publicly available online software and codon optinuized using
the Integrated DNA technologies (IDT) online codon optimization tool having the sequence
ATGTGTATGCCTTGCTITACGACCGATCATCAGATGGUTAGAAAGTGTGATGALC
25 TGTTGTGGAGGCAAGGGACGAGGGAAATGCTATGGACCTCAATGTTTIGTGTCGC
{(SEQ ID NG: 4).
The optimized nucleotide sequence was synthesized using G-block technique (D),
to be cloned in frame with CD8-alpha leader sequence at 57, and linker sequence SGGG x3,
an extracellular domain comprismg the IgD hinge and IgGl CH2 and CH3 domains, a
30 transmembrane domain from CD28 and an intracellular signaling domain comprising
CD28/0x40/CD3C at 37. The G-block was cloned using Infusion technique (Clontech) into
the SFG vector encoding CDS8alpha- IgD hinge, CH2CH3 (IgGH1) and T™M domain,
CD28/0X40/ CB3{, and lincarized using Sphl and Notl restriction nucleases (NEB). The

noCTX-CAR utilizes the same molecular scaffold, but includes an wrrelevant peptide (SEQ
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ID NO: 5) instead of CTX (SEQ D NO: 1) and was designed to be used as negative control
in functional experiments. FIG. 1 shows the design of the CTX-CAR (top panel} and noCTX-

CAR (bottom pancl) constructs).
Both genes were then cloned mto Sphi and Notf sites of SFG retroviral vector using
5 an In-Fusion kit {Clontech}. Bactenial competent cells (Stellar, Clontech) werg transformed
with the ligation mix and plated on agar. Several bacterial clones were picked to prepare
plasmid minipreps (Qiagen), which were fested to select correct plasmid constructs. The
correct clones were selected based on the restriction patiern of the plasmid DNA cut with the
restriction ¢nzymes Afel, Xhol, Neol and Notl, the size of the DNA fragmends was

10 determined on agarose gel.

Example 2-Generating T cells and Jurkat cells expressing the CTX-CAR and
polUTX-CAR

CTX-CAR and the noCTX-CAR vectors were used for transfection of 293 T-cells
together with gag-pol and env (RDF) plasmids to obtain viral supernatants. Resulting viruses

15 were applied to transduce Jurkat E1-6 T-cell line in order o test expression of both CARs by
flow cviometry using CHZ{UH3 AB {detecting the IgD Hinge of the CAR molecule).
Subsequently, the transduction of T-cells with retroviral vectors encoding both CARs was
performed.

Briefly, 293T-cells were co-transfected with a} CTX-CAR or b) noCTX-CAR

20 plasmuds together with env (REF114) and gag-pol (PEG-PAM) to obtain viral supernatants.
293T were collected after 72hrs and stained with CH2ZCH3 antibody (to sigmify CAR
expression). The unshaded portions in FIG. 4 show untransfected 293T-cells stained with
CH2CH3 antibody and the shaded portion shows CTX-CAR transfected 293 T-cells (left
panel} and noCTX-CAR transfected 293T-cells (right panel). The resulis show that 293-T

25 cells were efficiently transduced with both plasmid constructs.

Furkat and y8T-cell expansions were transduced with CTX-CAR and noCTX-CAR
viruses. Cells were collected after 72hrs and stained with CHZCH3 antibody {to signify CAR
cxpression}. The Jurkat T-cells that were transduced with the viruses encoding CTX-CAR
and noCTX-CAKR expressed both transgenes on the cell surface, as shown in this experiment,

30 where expression of the gene of interest was shown. Gamma delta T cells were efficiently
transduced with resulting retrovinuses and expression of both CARs was confirmed (FIG. 5.
Example 3- Jurkat Cells Expressing a CTX-CAR Selectively Bind Target Glioma Cells

This example shows that effector cells expressing a (TX-CAR of the present

disclosure selectively bind to glioma cells. Bimding propertics of effector cells expressing a
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CTX-CAR of the present disclosure or noCTX-CAR were tested using both ghoma cells lines

U87, U251 and LN229 as well as using primary human astrocyies {ScienCell Research Labs)

(HA) and primary afp T-cells (T LC). Jurkat cells were transduced with retroviruses encoding

CTX-CAR or noCTX-CAR constructs shown in FIG. 1 and as described in Example 1 using
5 the protocol described in Example 2.

Glioma cell lines and primary cell hnes were grown under standard conditions.
Adherent target cells were trypsinized and labeled with the green fluorescent dve caleein.
Jurkat cells expressing a CTX-CAR of the present disclosure {CTX-CAR) or a noCTX-CAR
(noUTX-CAR) were stained with an allophycocyanin (APC)-labelied anti-CH2CH3 antibody

10 (which binds to the hinge region in the CTX-CAR and noCTX-CAR construcis). After
staining, all labeled cells were washed, counted and mixed v a 1:1 ratio in 200 pl of PBS +
1% BSA at 500,000 total cells/sample. Cell mixtures were incobated in solution under gentle
agitation for 1 hr at RT. After gentle washing, samples of the cell mixtures were subjected to
flow cytometry. The percentage of doublc-labeled cell population, corresponding to effector-
15 target conglomerates, was determined by gating on the doeble stained FITC-APC population.

FIG. 7 shows that effector cells expressing a CTX-CAR of the present disclosure
preferentially bound glioma cells lines with minimal binding to primary buman astrocytes or
primary human T-cells. The binding of effector cells expressing a CTX-CAR of the present
disclosure showed increased binding to glioma cells as compared to effector cells expressing

20 the noCTX-CAR construct. The binding of effectors cells expressing the CTX-CAR
construct and the no-CTX~CAR construct was equivalent in primary human astrocytes and
primary human T-cells.

The results demonstrate that the effector colls expressing a CTX-CAR of the present
disclosure preferentially bind human glioma cells with minunal binding to the non-ghoma

25 cell lines tested.
Example 4- Cytotoxicity of T-lymphocytes expressing CTX-CAR.

This example shows that effector cells expressing a CTX-CAR of the present
disclosure are cytotoxic to glioma celis. Cytotoxicity was measured using the Bright-Glo
Luciferase cytotoxicity assay kit (Promega). Target glioma cell lines U251 and U87 were

30 infected with a lentivirus expressing a fusion protein of eGEFP and firefly hiciferase (GL) to
aliow the celis to be visualized by flucrescence and guantified by bicluminescent imaging
{designated U251GL and UB7GL).

PBMCs isolated from whole blood were activated using CD3/CD28 beads {for the

activation and expansion of T-cells) for one day and transduced with retroviruses encoding

41



WO 2018/107134 PCT/US2017/065488

CTX-CAR {(CTX) or noCTX-CAR (noCTX) constructs shown in FIG. 1 and as described 1n

Example 1. Efficiency of CAR cxpression was evaluated on day 4 after transduction and

ranged from 40%-60%. Target glhioma cells hines UZS1GL and USTGL were seeded to 95

well plates at 20,000 or 50,000 cellAwell in 100 ul of complete media. CAR expressing T cells

5 were added to wells tn 100 mi of media at ratios target to effector (T:E} cell ratios of 1:2. 1.3,

1:10, 1:20 and incubated with target cells overnight at 37°C. As controls, target cell lines were

ncubated with mock transduced activated PBMC s (Mock) and Jurkat cells {(Jurkat). After

incubation, the 96 well plates were briefly spun and 150 I of media was discarded. Bright-

Glo kit reagent (serving to both lyse the cells and provide the huciferase substrate) was then

10 added as per the manufacturer’s mstructions. After a 2 minute incubation, the cell lysates

were transferred to the wells of flat bottom black 96 well plates and fluorescence was
measured with an HI Hybrid luminometer (Biotek).

FiG. 9A shows the effector cells transduced with a CTX-CAR of the present
disclosure had enhanced cyviotoxicity against U251GL glioma cells as compared to effector

15 cells transduced with the same CAR construct lacking CTX. The enhanced cytotoxicity was
enhanced at lower T:E ratios. Similar results are shown in FIG. 9B, iHustrating the enhanced
cvtotoxicity of cffector cells transduced with a CTX-CAR of the present disclosure against
UTGL glioma cells.

The results demonstrate that the effector cells expressing a CTX-CAR of the present

20 disclosure are cytotoxic to hman glioma celis.

The patent and scientific literature referred to herein establishes the knowledge that is
available to those with skill in the art. Al United States patents and published or snpublished
United States patent applications cited herein are incorporated by reference. All published
foreign patents and patent applications cited herein are hereby incorporated by reference. All

25 other published references, documents, manuscripts and scientific literature cited herein are
hereby mcorporated by reference.

While this iovention has been particulardy shown and described with references to
preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the scope of the

30 invention encompassed by the appended claims. It will also be understood that none of the
embodiments described herein are mutually exclusive and may be combined 1 various ways

without departing from the scope of the invention encompassed by the appended claims.
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CLAIMS

A voT cell comprising at least one vector, the at least one vector directing the
expression of a chimeric antigen receptor (CAR) and a survival factor,

wherein the CAR comprises an extracellular domain comprising chlorotoxin or
a functional variant of chlorotoxin having at least about 90% sequence identity to SEQ
ID NO: 1, a transmembrane domain and optionally at least one intracellular signaling
domain; and

wherein the survival factor is a polypeptide that confers resistance to a

chemotherapeutic agent.

The y0T cell of claim 1, wherein the intracellular signaling domain is present and
comprises: CD3 zeta, MB1 chain, B29, FcRIII, or FcRI, or a combination of the

foregoing.

The y8T cell of any one of claims 1 and 2, wherein the transmembrane domain is
selected from the group consisting of: T-cell receptor alpha chain, T-cell receptor beta
chain, T-cell receptor zeta chain, CD28, CD3 epsilon, CD45, CD4, CD5, CD8, CD?9,
CDl16, CD22, CD33, CD37, CD64, CD80, CD86, CD134, CD137, CD154, KIRDS2,
0X40, CD2, CD27, LFA-1, ICOS, 4-1BB, GITR, CD40, BAFFR, HVEM, SLAMF7,
NKp80, CD160, CD19, IL2Rp, IL2Ry, IL7Ra, ITGA1, VLAL, CD49a, 1TGA4, 1A4,
CD49D, ITGA6, VLA-6, CD49f, ITGAD, CDIld, ITGAE, CD103, ITGAL, CDI 1a,
LFA-1, ITGAM, CDIllb, ITGAX, CDllc, ITGBI, CD29, ITGB2, CD18, LFA-I,
ITGB7, TNFR2, DNAMI1, SLAMF4, CD84, CD96, CEACAMI1, CRTAM, Ly?9,
CD160, PSGL1, CD100, SLAMF6, SLAM, BLAME, SELPLG, LTBR, PAG/Cbp,
NKp44, NKp30, NKp46, NKG2D, and NKG2C.

The ydT cell of claim 1 or claim 2, wherein the intracellular signaling domain is

present and comprises a costimulatory domain.

The yoT cell of claim 4, wherein the costimulatory domain comprises a functional
signaling domain of a polypeptide selected from the group consisting of: CD27,
CD28, 4-1BB (CD137), 0X40, CD30, CD40, PD-1, ICOS, lymphocyte function-
associated antigen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, B7-H3, CD5, ICAM-1,
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10.

11.

12.

13.

GITR, BAFFR, HVEM (LIGHTR), SLAMF7, NKp80 (KLRF1), CD160, CDI9,
CD4, CD8a, CDS8p, IL2Rp, IL2Ry, IL7Ra, ITGA4, VLAI1, CD49a, ITGA4, 1A4,
CD49D, ITGA6, VLA-6, CD49f, ITGAD, CDIld, ITGAE, CD103, ITGAL, CDlla,
LFA-1, ITGAM, CD11b, ITGAX, CDll¢c, ITGB1, CD29, ITGB2, CD18, LFA-1,
ITGB7, TNFR2, TRANCE/RANKL, DNAMI (CD226), SLAMF4 (CD244, 2B4),
CD84, CD96 (Tactile), CEACAMI1, CRTAM, Ly9 (CD229),CD160 (BY55), PSGLI1,
CD100 (SEMA4D), CD69, SLAMF6 (NTB-A, Ly108), SLAM (SLAMF1, CD150,
IPG-3), BLAME (SLAMFS), SELPLG (CD 162), LTBR, LAT, GADS, SLP-76,
PAG/Cbp, NKp44, NKp30, NKp46, and NKG2D.

The yOT cell of any one of the preceding claims, wherein the CAR further comprises

an extracellular spacer.

The yoT cell of claim 6, wherein the extracellular spacer comprises all or a portion of
a hinge region of human IgD or all or a portion of a hinge region of human IgG1, and
optionally all or a portion of an immunoglobulin heavy chain constant region from

human IgG1.

The yoT cell of claim 1, wherein the CAR further comprises a flexible linker.

The y3T cell of claim 8, wherein the flexible linker has the sequence SEQ ID NO: 2,

present from 1 to 10 copies.

The y3T cell of claim 1, wherein the CAR comprises more than one of the chlorotoxin

or more than one of the functional variants.

The y3T cell of any one of the preceding claims, wherein the at least one vector directs

the expression of a gene encoding a stress-induced antigen.

The ydT cell of any one of the preceding claims, wherein the yoT cell naturally

expresses a stress-induced antigen receptor.

The y3T cell of claim 12, wherein the stress-induced antigen receptor is an NKG2D

receptor.
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14.

15.

16.

17.

18.

19.

20.

21.

The y3T cell of any one of the preceding claims, wherein the survival factor allows
the yoT cell to survive in a treatment environment created by the chemotherapeutic

agent.

The yoT cell of claim 14, wherein the chemotherapeutic agent is selected from the
group consisting of: trimethotrexate, temozolomide, raltitrexed, S-(4-Nitrobenzyl)-6-
thioinosine, 6-benzyguanidine, nitrosoureas, fotemustine, cytarabine, camptothecin,

doxorubicin, melphalan, nitrosoureas, and any combination of the foregoing.

The y3T cell of any one of the preceding claims, wherein the survival factor is selected
from the group consisting of: O6-Methylguanine-DNA methyltransferase, multidrug
resistance protein 1, 5' nucleotidase II, dihydrofolate reductase and thymidilate

synthase, and the stress-induced antigen receptor is an NKG2D receptor.

The yoT cell of claim 1, wherein the yoT cell is isolated.

The y3T cell of claim 16, wherein the extracellular domain comprises chlorotoxin and

the survival factor is O6-Methylguanine-DNA methyltransferase.

The y3T cell of claim 17, wherein the intracellular signaling domain is present and

comprises CD3(,

The y0T cell of claim 18 or 19, wherein the ydT cell naturally expresses a stress-

induced antigen receptor and wherein the stress-induced antigen receptor is NKG2D.

A pharmaceutical composition comprising y0T cells and a pharmaceutically
acceptable carrier, wherein the yoT cells comprise at least one vector, the at least one
vector directing the expression of a chimeric antigen receptor (CAR) and a survival
factor,

wherein the CAR comprises an extracellular domain comprising chlorotoxin or
a functional variant of chlorotoxin having at least about 90% sequence identity to SEQ
ID NO: 1, a transmembrane domain and optionally at least one intracellular signaling

domain;
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22.

23.

24.

25.

26.

27.

28.

29.

30.

wherein the survival factor is a polypeptide that confers resistance to a

chemotherapeutic agent.

The pharmaceutical composition of claim 21, wherein the yoT cells are present at
greater than or equal to 60% of the total cell population of the composition as

determined by flow cytometry.

The pharmaceutical composition of claim 21 or 22, wherein the extracellular domain
comprises chlorotoxin and wherein the survival factor is O°-methylguanine-DNA

methyltransferase.

The pharmaceutical composition of any one of claims 21, 22 and 23 for use in treating
cancer, wherein the composition is for administration concurrently with the
chemotherapeutic agent, or after administration of the chemotherapeutic agent, or any
combination thereof, and wherein the cancer is selected from the group consisting of
glioma, melanoma, neuroblastoma, medulloblastoma, or small cell lung carcinoma.
The pharmaceutical composition of 24, wherein the cancer is glioma.

The pharmaceutical composition of claim 25, wherein the cancer is glioblastoma.

The pharmaceutical composition of claim 23, wherein the chemotherapeutic agent is

temozolomide.

The y0 T cell of claim 18, wherein the intracellular signaling domain is present and

comprises a costimulatory domain.

The pharmaceutical composition of any one of claims 21 to 27, wherein the

intracellular signaling domain is present and comprises CD3C.

The pharmaceutical composition of any one of claims 21 to 27, wherein the

intracellular signaling domain is present and comprises a costimulatory domain.
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SEQIDNO: 1
Met Cys Met Pro Cys Phe Thr Thr Asp His Gln Met Ala Arg Lys Cys
Asp Asp Cys Cys Gly Gly Lvs Gly Arg Gly Lys Cys Tyr Gly Pro Gln
Cys Leu Cvs Arg

SEQIDNOG: 2
Ser Gly Gly Gly

SEQIDNO: 3
Ser Gly Gly Gly Gly

SEQIDNO: 4
ATGTGTATGCCTTGCTTTACGACCGATCATCAGATGGCTAGAAAGTGTGA
TOGACTGTTIGTGGAGGCAAGGGACGAGGGAAATGCTATGGACCTCAATGT
TTGTGTCGC

SEQIDNO: 5
Met Arg Leu Asn Leu He Lys
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