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ANTI-CD171 CHIMERIC ANTIGEN RECEPTORS

CROSS-REFERENCE TC RELATED APPLICATIONS
[0001] This application claims priority to U.S. Prov. App. No. 63/036,021 filed
June 8, 2020 entitled “"ANTI-CD171 CHIMERIC ANTIGEN RECEPTORS” which is hereby

expressly incorporated by reference herein in 1t entirety.

REFERENCE TO SEQUENCE LISTING
{66021 The present application is being filed along with a Sequence Listing n
electronic  format. The Sequence Listing 15 provided as a file entitied
SCRIZEBIWOSEQLIST TXT, created June 4, 2021, which s approximately 16 Kb insize. The
mformation in the electronic format of the Sequence Listing is incorporated herein by reference

in its entirety.

FIELD OF THE INVENTION
[6003] Embodiments of the methods and compositions provided herein relate to
anti-CD171 chimeric antigen receptors (CARs). Some embodiments relate to anti-CD171
CARs having long extracellular polypeptide spacers. Some embodimenis relate to cells
containing such anti-CD171 CARs having increased persistence and activity at a lower dose
1o a subject compared to cells contaiming anti-CD171 CARs comprising shorter polypeptide

spacers.

BACKGROUND OF THE INVENTION

[0004] Neuroblastoma 15 the most common extracranial sohid tumor of childhood
with a heterpgeneous chinical course. While newroblastomas with favorable biology
spontaneously regress or differentiate without therapeutic tervention, neuroblastomas with
unfavorable biology often fatally progress despite mtensive multimodal therapy. Maximally
tolerated fronthine imtensive chemotherapy, radiation, consolidative autologous hematopoietic
stem cell transplantation followed by retinoids and anti-GD2 antibody may cure up to 30% of
high-risk patients. Accordingly, the development of new therapeutic modalities, which are

tolerable i this patient population, is needed.
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SUMMARY OF THE INVENTION

[8005] Some embodiments of the methods and compositions provided herein
inciude a nucleic acid comprising a polynuclestide encoding a chimeric antigen receptor
(CAR), wherein the CAR comprises: a ligand binding domain capable of or configured to
specifically bind to CD171; a polypeptide spacer having a length greater than or equal to 120
and less than or equal to 230 consecutive amino acid residues; a transmembrane domain; and
an mtracetlular signalling domain.

[0086] in some embodiments, the ligand binding domain 1s dertved from a CE7
monoclonal antibody.

[6087] in seme embodiments, the ligand binding domain comprises an scFv
comprising a nucleotide sequence having at least 95% sequence identity to the nucleotide
sequence of SEQ ID NG:O1.

[B8008] In some embodiments, the polypeptide spacer comprises an Ig(G4 hinge-
CH2-CH3 domam comprising an L235D substitution. In some embodiments, the polypeptide
spacer comprises an anuno acid sequence having at least 95% sequence identity to the aming
acid sequence of SEQ ID NG:02,

[8009] In some embodirents, the transmembrane domain comprises a D28
transmembrane domain. In some embodiments, the CD28 transmembrane domain comprises
an amino acid sequence having at least 95% sequence 1dentity to the amino acid sequence of
SEQ ID NG04

[0016] In some embodiments, the intracellular signaliing domain comprises a
costimudatory domain selected from the group consisting of D27, CB28, 4-1BB, OX-40,
CD30, CD40, PD-1, ICOS, LFA-L, CD2, CD7, NKG2C, and B7-H3, n combination with a
CD3-zeta domain or functional portion thereof. In some embodiments, the intraceliular
signalling domain comprises a CD28 cytoplasmic domain. In some embodiments, the CD238
cytoplasmic domain comprises an amino acid sequence having at least 95% sequence identity
to the amino acid sequence of SEQ ID NO:18 In some embodiments, the intracellular
signalling domain lacks a D28 eytoplasmic domain. In some embodiments, the intracellular
signatling domain comprises a 4-1BB costimulatory domain. In some embodiments, the 4-1BB

costimulatory domain is encoded by a nucleotide sequence having at least 95% sequence
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identity to the nuclestide sequence of SEQ 1D NG:07. In some embodiments, the CD3-zeta
domain or functional portion thereof 1s encoded by a nucleotide sequence having at least 95%
sequence identity to the nucleotide sequence of SEG ID NO:0OS.

[0011] Some embodiments also include a constitutive promoter operably linked to
the polynucieotide encoding a chimeric antigen receptor. In some embodiments, the
constitutive promoter comprises an EFla promoter.

[0012] Some embodiments also include an inducible promoter operably linked to
the polynucleotide encoding a chimeric antigen receptor.

[0013] Some embodiments also include a polynucleotide encoding a cell-surface
selectable marker. In some embodiments, the cell-surface selectable marker is selected froma
truncated EGFR polypeptide (EGFRt) or a truncated Her2 polypeptide (Her2t).

(001 4] Some embodiments also include a ribosome skip sequence located between
a polvnucleotide encoding the iniracellular signalling domain and the polynucleotide encoding
a cell-surface selectable marker. In some embodiments, the ribosome skip sequence is selected
from the group consisting of a P2A sequence, a T2A sequence, an E2A sequence, and an F2A
sequence.

[0015] Some embodiments also include a polynucleotide encoding a suicide gene
system. Insome ernbodiments, the suicide gene system is selected from a herpes simplex virus
thymidine knase/ganciclovir (HSVTK/GCV) suicide gene system, or an nducible caspase
suicide gene system.

[8016] In some embodiments, the ligand binding domain comprises the nucleotide
sequence of SEQ 1D NO:O1; the polypeptide spacer consists of the amine acid sequence of
SEQ ID NG:02Z; the transmembrane domain comprises the aming acid sequence of SEQ ID
N{(04; the intracellular signalling domain comprises: a 4-1BB costimulatory domain encoded
by the nucleotide sequence of SEQ ID NO:0O7, and 3 CDB3-zeta domain or functional portion
thereof encoded by the nucleotide sequence of SEQ 1D NO:08; and further comprising: an EF1
promoter operably linked to a polvnuclestide encoding the ligand binding domain, a
polvnucieotide comprising a T2A ribosome skip sequence, and a polynucieotide encoding an
EGFR(t polypeptide.

[8017] Some embodiments of the methods and compositions provided herein

inciude a polypeptide encoded by any one of the foregoing nucleic acids.
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[6018] Some embodiments of the methods and compositions provided herein
include a vector comprising any one of the foregoing nucleic acids. In some embodiments, the
vector 13 selected from the group consisting of a viral vector, a transposon vector, an integrase
vector, and an mRNA vector. In some embodiments, the viral vector is selected from the group
consisting of a lentiviral vector, a foamy viral vector, a retroviral vector, and a gamma
retroviral vector. In some embodiments, the viral vector is a lentiviral vector.

[6019] Some embodiments of the methods and compsositions provided herein
include a host cell comprising any one of the foregoing nucleic acids.

(80261 in some embodiments, the host cell is a CD4+ T-cell or a CD&+ T-cell.

[8021] in some embodiments, the host cell is a precursor T-cell, or a hematopoietic
stem cell.

[6022] In some embodiments, the host cell 15 a CDE8+ cytotoxic T-cell selected
from the group consisting of a naive CD8&+ T-cell, a CD&+ memory T-cell, a central memory
CD8+ T-cell, a regulatory CD&+ T-celi, an IPS derived CD8+ T-celi, an effector memory
CD3+ T-cell, and a bulk CD8+ T-cell.

[8023] In some embodiments, the host cell 1s a CD4+ T helper cell selected from
the group consisting of a naive CD4+ T-cell, a CD4+ memory T-cell, a central memory CD4+
T-cell, a regulatory CD4+ T-cell, an IPS denived CD4+ T-cell, an effector memory CD4+ T-
cell, and a bulk CD4+ T-cell.

[0024] In some embodiments, the cell 18 allogenic to a subject, preferably a human
or autologous 16 a subject, preferably a human

[8025] Some embodiments of the methods and compositions provided herein
mclude a pharmaceutical composition comprising any one of the foregoing host cells and a
pharmaceutically acceptable excipient.

[8026] Some embodiments of the methods and compositions provided herein
melnde a method of treating, mhibiting or amelicrating a cancer 0 a subject, comprising
administering any one of the foregomg host cells to the subject.

[0027] In some embodiments, the subject 15 administered a dose comprising a
plurality of the host cell sufficient to treat, inhibit or ameliorate the cancer that is less than a
dose sufficient {o treat, inhibit or ameliorate the cancer of a plurality of cells comprising a CAR

comprising a polvpeptide spacer having a length less than 120 consecutive amino acid residuses.
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[0028] In some embodiments, a dose comprising a plurality of the host cell less
than 5 x 10° cell/kg is administered to the subject.

{8029} Some embodiments also include administering cetuximab to the subject.

{0030 In some embodiments, the cancer comprises a CD171 expressing cell. In
some embodiments, the cancer is selected from a neuroblastoma or a ganglioneuroblastoma.

[8031] Some embodiments of the methods and compositions provided herein
inciude any one of the foregoing host cells for use in treating, inhibiting or ameliorating a
cancer in a subject.

(8032 Some embodiments of the metheds and compositions provided herein
include use of any one of the foregoing host cells n the manufacture of a medicament for
treating, inhibiting or ameliorating a cancer in a subject.

[8033] Some embodiments of the methods and composttions provided herein

inciude any one of the foregoing host cells for use as a medicament.

BRIEF DESCRIPTION OF THE DRAWINGS

[8034] FIG. 1 depwets a schematic of an example structure of a nucleic acid
encoding a second generation and a third generation anti-C3171 CAR with a short spacer,
Encoded elements include an EF1 promoter, a leader sequence encoding a signal polypeptide,
VH-linker—VL domains encoding an anti-CD171 scFv higand binding domain, an IgG4-hinge
spacer (short spacer), a CD28 transrmembrane (CD28tm) domain, a 4-1BB domain, a CD3zeta
domain, a T2ZA ribosome skip sequence, a truncated EGFR ((EGFR} polypeptide, which can
be a cell surface selectable marker. Anti-CD171 CARs with long spacers include an Ig(G4
hinge-CHZ-CH3 domain mstead of an 1gG4 hinge domain,

[8035] FIG. 2 depicts a series of hine graphs of percentage specific lvsis for vatious
ratios of effector cells comprising anti-CD171 CARs co-cultured with CB171+ target cells or
control target cells, CARs included: a second generation anti-CD 71 CAR with short spacer
(CE7 2G short); a third generation anti-CD171 CAR with short spacer {CE7 3G short); a
second generation anti-C D171 CAR with long spacer (CE7 2G long); and a third generation
anti-CD 171 CAR with long spacer {CE7 3G long).

[6036] FIG. 3 depicts a series of graphs of cytokine production (1L-2, IFN-gamma,

and TINF-alpha) for various effector CD4+ T cells comprising anti-CD171 CARs co-cultured
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with CD171+ target cells or control target cells. CARs included: a second generation anti-
U171 CAR with short spacer (CE7 2GS}, a third generation anti-CD171 CAR with short
spacer (CE7 3G8); a second generation anti-CDB171 CAR with long spacer (CE7 2GLY; and a
third generation anti-CD171 CAR with long spacer {CE7 3GL}.

{60371 FIG. 4 depicts a line graph for signal {(flux) from in vive tumor cells over
time in an intracranial neuroblastoma xenograft model treated with effector cells comprising
CARs. CARs mncluded: a second generation anti-CD171 CAR with short spacer (CE7 2GS},
a third generation anti-CD171 CAR with short spacer (CE7 3GS); a second generation anti-
CD171 CAR with long spacer having two substitutions in the spacer (CE7 2GL, 2 mut); and a
third generation anti-CD171 CAR with long spacer having two substitutions in the spacer (CE7
3GL, 2 mut).

[0038] FIG. S depicts a line graph for percent survival in a xenograft neuroblastoma
model treated with effector cells comprising CARs. CARs included: a second generation anti-
CP171 CAR with short spacer (CE7 2GS); a third generation anti-CD171 CAR with short
spacer {CE7 3GS); a second generation anti-CD171 CAR with long spacer baving two
substitutions wn the spacer (CE7 2GL, 2 mut); and a thurd generation anti-CD171 CAR with

long spacer having two substitutions 1o the spacer (CE7 3GL, 2 mut).

DETAILED DESCRIPTION

[6039] Embodiments of the methods and compositions provided heremn relate to
anti-CD 171 chimeric antigen receptors {CARs).  Some embodinents relate to anti-CD171
CARs having long extracellular polypeptide spacers. Some embodiments relate to cells
contatning such anti-CB171 CARs having mcreased persistence and activity at a lower dose
i a subject compared to cells containing anti-CB171 CARs comprising shorter polypeptide
spacers,

[0048] Patients with recurrent or refractory neuroblastoma are resistant 1o
conventional chemotherapy. For this reason, investigators are attempting to use T cells
obtained directly from the patient, which can be genetically modified to express a CAR The
C AR enables the T cell to recognize and Ll the neurcblastoma cell through the recognition of
CD171, a protein expressed of the surface of the neurcblastoma cell v patients with

neuroblastoma.
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[68041] Immunotherapy is an attractive approach because it invokes immunoclogic
effector mechanisms to which chemotherapy/radiation-resistant tumor cells are susceptible. T
cells expressing a CAR engage tumor cells independent of expression of HLA molecules and
are activated via coordinated co-stimulation and CD3zeta signaling. A monoclonal antibody
designated CE7 binds to an epitope on human LICAM (CD171) in the context of tumor
expression, a CE7 scFv was derived and assembled into a CAR for T cell-redirecied tumor
targeting (Hoefnagel CA | erad | {2001} Eur J Nucl Med 28:359-68). While the molecular basis
responsible for the tumor selective CE7 epitope on L1CAM has not been fully elucidated,
several lines of evidence suggest that binding is dependent on glycosylation. CD171 plays a
role in oncogenesis as 1S expression correlates with tumor progression and metastasis in
several solid tumors and participates in the regulation of tumor cell differentiation,
profiferation, migration, and invasion. Iniial assessment of target safety was made in a
previously reported pilot clinical trial using autologous cloned CD8+ cytolytic T lymphocytes
expressing a first-generation CE7-CAR (Park J. of af., (2007) Mol Ther 15:825-33) Six
neuroblastoma patients were treated with doses up to 107 cells/m? without obvious off-tumor
toxicity. However, the duration and magnitude of persistence were limited. CE7-CARs have
been generated containing a short spacer extracellular domain and one {(4-1BB; second-
generation CAR) or two (CD28 and 4-1BB; thurd generation CAR) miraceliular costimulatory
signaling domains. A phase I clinucal tnial to determine the safety, feasibility, and optimal dose
of 2G and 3G CE7-CAR T cells in patients with refractory or relapsed neuroblastoma has been
mitiated (ClincalTrials gov Identifier: NCT02311621).

(6042} Certain aspects useful with embodiments of the methods and compositions
provided herein are disclosed in U.8. 2018/0009891, U8, 2017/0267742, 1J.S. 2017/0015746,
Kunkele A, eraf, (2015) Cancer Inmmunol Res 3:368-379, and Kunkele A, er af., (20173 Clin

Cancer Res 23:466-477, which are each expressly incorporated by reference in its entirety.

Definitions

[6043] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which the
invention pertains.

{0044 As used herein, “a” or “an” may mean one or more than one.
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[8045] “About” as used herein when referring to a measurable value 15 meant to
encompass variations of £20% or +10%, more preferably +5%, even more preferably +1%, and
stili more preferably £0.1 % from the specified value.

[0046] As used herein, “nucleic acid” or “nucleic acid molecule” have their plain
and ordinary meaning in view of the whole specification and may to refer to, for example,
polynucleotides, such as deoxyribonucleic acid (DNA} or ribonucleic acid (RNA),
oligonuclectides, fragments generated by the polymerase chain reaction (PCR), or fragments
generated by any of ligation, scission, endonuclease action, or exonuclease action. Nucleic acid
molecules can be composed of monomers that are naturally occurring nucleotides (such as
DNA or RNA), or analogs of naturally cccurring nucleotides {e.g., enantiomeric forms of
naturally occurring nucleotides), or a combination of both. Modified nucleotides can have
alterations in sugar moieties and/or in pyrimidine or purine base moieties. Sugar modifications
inciude, for example, replacement of one or more hydroxyl groups with halogens, alkyl groups,
amines, or azido groups, or sugars can be functionalized as ethers or esters. Moreover, the
entite sugar motety can be replaced with sterically and electronically similar structures, such
as aza-sugars or carbocychc sugar analogs. Examples of modifications in a base motety include
alkylated purines or pyrimidines, acvlated purines or pynimidines, or other well-known
heterocychic substitutes. Nucleie acid monomers can be linked by phosphodiester bonds or
analogs of such hnkages. Analogs of phosphodiester hinkages include phosphorothuoate,
phosphorodithigate, phosphoroselenocate, phosphorediselencate,  phosphoroanilothioate,
phosphoranilidate, or phosphoramidate, and the like. The term “nucleic acid molecule” also
mcludes so-called “peptide nucleic acids,” which comprise naturally occurring or medified
nucleic acid bases attached to a polyamide backbone Nucleic acids can be either single
stranded or double stranded. In some embodiments, a nucleic acid sequence encoding a fusion
protein is provided. In some embodiments, the nucleic acid encoding the CAR specific for
CD171 is RNA or DNA.

[0047] As used herein, “coding for" or “encoding” has its plain and ordinary
meaning when read in light of the specification, and includes, for example, the property of
specific sequences of nucleotides in a polynucleotide, such as a gene, a cBNA, or an mRNA,

to serve as templates for synthesis of other macromolecules such as a defined sequence of
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amino acids. Thus, a gene codes for a protein if transcription and translation of mRNA
corresponding to that gene produces the protein in a cell or other bislogical system.

[8048] As used herein, “chimeric antigen receptor” (CAR) has is plain and
ordinary meaning when read in light of the specification, and may include but is not limited to,
for example, a synthetically designed receptor comprising a ligand binding domain of an
antibody or other protein sequence that binds to a molecule associated with a disease or
disorder and is, preferably, linked via a spacer domain to one or more intracellular signaling
domains of a cell, such as a T cell, or other receptors, such as one or more costimulatory
domains. Chimeric receptor can also be referred to as artificial cell receptors or T cell receptors,
chimeric cell receptors or T cell receptors, chimeric mmmunoreceptors, of CARs. These
receptors can be used to graft the specificity of a monoclonal antibody or binding fragment
thereof onto a cell, preferably a T-cell, with transfer of their coding sequence facilitated by
viral vectors, such as a retroviral vector or a lentiviral vector. CARSs can be, in some instances,
genetically engineered T cell receptors designed to redirect T cells to target cells that express
specific celi-surface antigens. T cells can be removed from a subject and modified so that they
can express receptors that can be specific for an antigen by a process called adoptive cell
transfer. The T cells are reintroduced mito the patient where they can then recognize and target
an antigen. CARs are also engineered receptors that can graft an arbitrary specificity outo an
mnmune receptor cell. CARSs are considered by some mvestigators to include the antibody or
antibody fragment, preferably an antigen binding fragment of an antibody, the spacer, signaling
domain, and transmembrane region. Due o the surprising effects of modifying the different
components or domaims of the CAR described herein, such as the epitope binding region {for
example, antibody fragment, scFv, or portion thereof), spacer, transmembrane domain, and/ or
signaling domain), the components of the CAR are frequently distinguished throughout this
disclosure m terms of mdependent elements. The vanation of the different elements of the
CAR can, for example, lead to 3 desired binding affinity, such as a stronger binding affinity
for a specific epitope or antigen.

[6049] The CARs graft the specificity of a monoclonal antibody or binding
fragment thereof or scFv onto a T cell, with the transfer of their coding sequence facilitated by
vectors. In order to use CARs as a therapy for a subject in need, a technique called adoptive

cell transfer 1s used in which T cells are removed from a subject and modified so that they can
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express the CARs that are specific for an antigen. The T cells, which can then recognize and
target an antigen, are reiniroduced into the patient.

{8056 in some embodiments, the transmembrane domain is a region of a
membrane-spaniting protein that is hydrophobic that can reside in the bilayer of a cell to anchor
a protein that is embedded to the biclogical membrane. Without being limiting, the topology
of the transmembrane domain can be a transmembrane alpha helix. In some alternatives of the
chimeric antigen receptor, the CAR comprises a sequence encoding a transmembrane domain,
In some alternatives, the transmembrane domain comprises a CD28 transmembrane sequence
or a fragment thereof that is a length of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25 26, 27, or 28 amino acids or a length within a range defined by any two of the
aforementioned lengths. In some alternatives, the CD28 transmembrane sequence or fragment
thereof comprises 28 amimo acids in length.

(0051 in some embodiments, the signaling domains, such as primary signaling
domains or costimulatory domains, include an intracellular or cytoplasmic domain of a protein
or a receptor protein that interacts with components within the ionterior of the cells and is
capable of or configured 1o relay or participate in the relaying of a signal Such mieractions in
some aspects can occur through the intracellular domain communicating via specific proten-
proten or protein-hgand mteractions with an effector molecule or an effector protein, which
n turn can send the signal along a signal chain to is destination. In some embodiments, the
signaling domain includes one or more co-stimulatory domains. In some aspects, the one or
more costimulatory domains inchide a signaling motety that provides a T-cefl with a signal,
which, m addition to the primary signal provided by for mstance the CD3 zeta chain of the
TCR/CD3 complex, enhances a response such as a T-cell effector response, such as, for
example, an immune response, activation, proliferation, differentiation, cvtokine secretion,
cytoiytic activity, perforin or granzyme activity or any combination thereof In some
embodiments, the intracelhilar signaling domain or the co-stimulatory domain can include all
or a portion of CD27, CD28, 4-1BB, OX40, CD30, CD40, 1COK, lymphocyte function-
associated antigen-l (LFA-L), CD2, CD7, LIGHT, NKG2C, or B7-H3, or a ligand that
specifically binds with CD#&3 or any combination thereof.

[6052] As used herein, an “antibody” has its plain and ordinary meaning when read

in light of the specification, and includes, for example, a large Y-shape protein produced by
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plasma cells that is used by the immune system to identify and neutralize foreign objects such
as bacteria and viruses. The antibody protein can comprise four polypeptide chains, two
identical heavy chains and two identical light chains connected by disulfide bonds. Each chain
is composed of structural domains called immunoglobulin domains. These domains can
contain about 70, 80, 90, 100, 110, 120, 130, 140, or 150 amino acids or any number of aming
acids in between in a range defined by any two of these values and are classified mto different
categories according to their size and funciion. In some embodiments, the ligand binding
domain comprises an antibody or binding fragment thereof or scFv, a receptor ligand or
mutants thereof, peptide, and/or polypeptide affinity molecule or hinding partner. In some
embodiments, the ligand binding domain is an antibody fragment, desirably, a binding portion
thereof. In some embodiments, the antibody fragment or binding portion thereof present on a
CAR 1s specific for a ligand on a B-cell. In some embodiments, the antibody fragment or
binding portion thereof present ona CAR or TcR is specific for a ligand. In some embodiments,
the antibody fragment or binding portion thereof present on a CAR is specific for CD171 In
some embodiments, the ligand binding domain is an antibody fragment or a binding portion
thereof, such as a single chain vanable fragment (scFv). In some embodiments, the antibody
fragment or binding portion thereof present on a CAR comprises one or more domains from a
hursanized antibody, or binding portion thereof.

[6053] As used herein, a “single chain vaniable fragment” or “scFv” has is plain
and ordinary meaning when read in ght of the specification, and includes, for example, a
fusion protein of the varable regions of the heavy (VH) and hight chains (VL) of
mmunoglobuling, connected with a short linker peptide of ten or about fen amino acids to 25
or gbout 25 aming acids. In some embodiments, a CAR s provided, wherein the CAR
comprises a ScFv specific for CDI71

[0084] The strength of binding of a higand is referred to as the binding affinity and
can be deternuned by direct interactions and solventeffects. A Hgand can be bound by a “ligand
binding domain” A ligand binding domain, for example, can refer {0 a conserved sequence in
a structure that can bind a specific ligand or a specific epitope on a protein. The ligand binding
domain or ligand binding portion can comprise an antibody or binding fragment thereof or

scFv, a receptor ligand or mutants thereof, peptide, and/or polypeptide affinity molecule or
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binding partner. Without being limiting, a ligand binding domain can be a specific protein
domain of an epttope on a protein that 1s specific for a ligand or ligands.

[0055] Some embodiments include a spacer. In some alternatives, the peptide
spacer 15 15 amino acids or less but not less than 1 or 2 amino acids. In some embodiments,
the spacer is 3 polypeptide chain. In some aspects, the polyvpeptide chain may range in length,
such as from 3,4, 5,6, 78,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27. 28,29, 30, 31,32, 33, 34, 35, 36, 37, 38,39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51,
52, 53,54 55, 56, 87, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,72, 73, 74, 75, 76,
77,78, 79, 80, §1, 82, 83, §4, 85, 86, 87, 88, §9, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100,
101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119,
120, 121, 122,123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138,
139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 1530, 151, 152, 153, 154, 155, 156, 157,
158, 159 160, 161, 162, 163, 164, 168, 166, 167, 168 169, 170, 171,172, 173,174, 175, 176,
177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195,
196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211,212, 213, 214,
215,216,217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233,
234, 235, 236, 237, 238, 239 or 240 consecutive amino acids or have a length within a range
defined by any two of the aforementioned lengths. A spacer can comprise any 20 amino acids,
for example, m any order to create a desivable length of polypeptide chain in a chimeric antigen
receptor, preferably the amino acids arginine, histidine, lysineg, aspartic acid, ghutamic acd,
serine, threonine, asparagine, glutamine, cysteine, glycine, proline, alanine, valine, 1soleucine,
methionine, phenylalanine, tyrosine or tryptophan. A spacer sequence can be a linker between
the scFv {or ligand binding domain) and the transmembrane domain of the chimeric antigen
receptor. In some alternatives, the CAR further comprises a sequence encoding a spacer. In
some alternatives, the spacer comprises a sequence with a length of 3,4, 5,6, 7, 8,9, 10, 11,
12, 13,14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 3¢,
37, 38,39 40,41, 42 43, 44 45,46, 47 48 49, 30, 51, 52, 533, 54, 535, 56, 57, 58, 539, 60, 61,
62, 63, 64, 65, 66, 67, 68, 69, 70, T1. 72, 73, 74, 75, 76, 77, 78.. 79, 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 00, 01, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108,
109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127,
128,129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146,
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147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 163,
166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184,
185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203,
204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222,
224,225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239 or 240

223,
amine acids or a length within a range defined by any two of the aforementioned lengths. In
some alternatives, the spacer resides between the seFv and the transmembrane region of the
CAR. In some alternatives, the spacer resides between the ligand binding domain of the CAR
and the transmembrane region of the CAR.

[8056] A spacer may also be custonized, selected, or optimized for a desired length
so as to improve or modulate binding of scfv domain to the target cell, which may increase or
provide the desired amount of cytotoxic efficacy. In some alternatives, the hinker or spacer
between the scFv domain or ligand binding domain and the transmembrane can be 25 to 55
amino acids in fength {e g, at least, equal to 253, 26, 27, 28, 29, 30, 31, 32, 33, 34, 353, 35, 37,
38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, S0, S1, 52, 53, 54, or 55 amino acids or a length
within a range defined by any two of the aforementioned lengths).

[B657] In some alternatives, the spacer comprises a hinge region of a human
antibody. In some alternatives, the spacer coroprises an IgG4 hunge. In some alternatives, the
18G4 hinge region 1s a modified TgG4 hinge.

[0058] As used herein, a “de-immunized spacer” has 1ts plain and ordinary meaning
when read in hight of the specification, and includes, for example, a spacer that induces hitle
o no immune response or a diminished or reduced immune response from a patient. In some
embodiments, the CAR comprises a spacer, wherein the spacer does not induce an immune
response n a subject, such as a human. It 1s toportant that the spacer does not induce an
mmmune response or induces a reduced or diminished or low immune response m a subject,
such as a human, i order to prevent or reduce the ability of the immune system to attack the
CAR

[0059] As used herein, a “ribosome skip sequence” has its plain and ordinary
meaning when read in light of the specification, and includes, for example, a sequence that
during translation, forces the ribosome to “skip” the ribosome skip sequence and translate the

region after the ribosome skip sequence without formation of a peptide bond. Several viruses,
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for example, have ribosome skip sequences that allow sequential translation of several proteins
on a single nucleic acid without having the proteins Hnked via a peptide bond. As described
herein, this is the “linker” sequence. In some alternatives of the nucleic acids provided herein,
the nucleic acids comprise a ribosome skip sequence between the sequence for the chimeric
antigen receptor and the sequence of the marker protein, such that the proteins are co-expressed
and not linked by a peptide bond. In some embodiments, the ribosome skip sequence is a PZA,
T2ZA, BE2A or F2A sequence.

[8060) As used herein, a “marker sequence,” has its plamn and ordinary meaning
when read in light of the specification, and includes, for example, a protein that is used for
selecting or tracking a protein or cell that has a protein of interest. In the alternatives described
herein, the fuston protein provided can comprise a marker sequence that can be selected in
experiments, such as flow cytometry. In some embodiments, the marker cormprises a truncated
Her?2 {Her2t) polvpeptide, or a fruncated HGFR (EGFRt).

[8061] As used herein, “signal sequence” for secretion, can also be referredtoas a
“signal peptide.” The signal peptide can be used for secretion efficiency and in some systems,
it 1s recognized by a signal recognition particle, which halts translation and directs the signal
sequence 1o an SRP receptor for secretion. In some alternatives of the CARs provided herein,
the CARs further comprise a sigonal sequence. In some embodiments, of the vucleic acid
encoding a CAR, the nucletc acid comprises a sequence encoding a signal sequence. In some
embodiments, the signal sequence 13 for targeting a protemn to a cell membrane following
translation of the protein,

>

[6062] As used herein, “suictde gene therapy,” “suictde genes” and “swicide gene
systems” have their plain and ordinary meaning when read o light of the specification, and
mciudes, for example, methods to destroy a cell through apoptosis, which requires a suicide
gene that will cause a cell to kill itself by apoptosis. Due to safety concerns for the patients in
need of using genetically modified immune cells for treatment or modification of a tumor
environmeni, strategies are being developed i order to prevent or abate adverse events.
Adverse effects of mcorporation of genetically modified immune cells into a subject for a

<

prefreatment step can include “cyiokine storms,” which 15 a cytokine release syndrome,
wherein the infused T-cells release cytokines into the bloodstream, which can lead to

dangerously high fevers, as well as, a precipitous drop in blood pressure. Control of the system
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by tamoxifen, as previously deseribed, may also be used when there is indication of a cytokine
storm, such as a fever.

[8063] As used herein, “vector” or “construct” has its plain and ordinary meaning
when read in light of the specification, and includes, for example, a nucleic acid used to
introduce heterologous nucleic acids into a cell that has regulatory elements to provide
expression of the heterologous nucleic acids in the cell. Vectors include but are not limited to
plasmid, mimcircles, veast, viral genomes, lentiviral vector, foamy viral vecior, retroviral
vector or gammaretroviral vector. The vector may be DNA or RNA, such as mRNA.

[0064] As used herein, “transposon gene cassettes” or transposons refers o a
genetic element that contains a gene {promoter that drives expression of a primary transcript),
flanked by recombinase recogmition sites (for example, Sleeping Beauty transposase
recognition sites, or PiggyvBac) The transposon gene cassette may be incorporated into an
integrated genomic sequence or may exist freely as circular DNA. In some embodiments, the
fransposon gene cassetie encodes a promoter, a CAR, and a signal sequence to direct the
protein to the cell surface.

[0065] As used herein, “integrase vector systems” work by integrating a viral donor
nucleie acid with specific attachment sites to a target genome. Through the use of integrase,
the viral DNA 15 mserted into the host DNA,

[0066] As used herein, “T-cells” or “T lymphoeytes” can be from any mammal,
preferably a primate, including monkeys or bumans, a companion animal such as a dog, cat,
or horse, or a domestic ammal, such as a sheep, goat, or cattle. In some alternatives the T-cells
are allogeneic {from the same species but different donor} as the recipient subject; in some
alternatives the T-cells are autologous (the donor and the recipient are the same); in some
alternatives the T-cells arc syngeneic (the donor and the recipients are different but are 1dentical
twins).

[8067] As used herein, “T cell precursors™ refers 1o lymphoid precursor cells that
can nigrate to the thymus and become T cell precursors, which do not express a T cell receptor.
Al T cells originate from hematopoietic stem cells in the bone marrow. Hematopoietic
progenitors {fymphoid progenitor cells) from hematopoietic stem cells populate the thymus
and expand by cell division {o generate a large population of immature thymocytes. The earliest

thymocytes express neither CD4 nor CDS and are therefore classed as double-negative
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(CD4-CD8~) cells. As they progress through their development, they become double-positive
thymocytes (CD4+CD&+), and finally mature to single-positive (CD4A+CD8~ or CD4-CD8+)
thymocytes that are then released from the thymus to peripheral tissues.

[8068] As used herein, “hematopotetic stem cells” or “HSC” are precursor cells
that can give rise to myeloid cells such as, for example, macrophages, monocytes,
macrophages, neutrophils, basophils, eosinophils, erythrocytes, megakaryocytes/platelets,
dendritic cells and/or lymphoid lineages (such as, for example, T-cells, B-cells, or NK-cells).
HSCs have a heterogeneous population in which three classes of stem cells exist, which are
distinguished by their ratio of lymphoid to myeloid progeny in the blood (L/M).

[8069] As used herein, “CD4+ expressing T-cell,” or “CD4+ T-cell,” are used
synonymously throughout, 1s also known as T helper cells, which play an important role in the
immune systern, and in the adaptive immune system. CD4+ T-cells also help the activity of
other immune cells by releasing T-cell cyviokines. These cells help, suppress or regulate
immune responses. They are essential in B cell antibody class switching, in the activation and
growth of cytotoxic T-cells, and in maximizing bactericidal activity of phagocytes, such as
roacrophages. CD4d+ expressing T-cells have the ability to make some cyiokines, however the
amourds of cytokines made by CD4+ T-cells are not at a councentration that promotes,
mmproves, contributes to, or induces engraftment fitness. As described herein, “CD4+ T-cells”
are mature T helper-cells that play a role in the adaptive immune system.

[6076] As used heretn, “CD&+ expressing Tecell” or “CHB+ Tecell)” are used
synonymaously throughout, 1s also known as a TC, cytotoxic T lymphocyte, CTL, T-killer cell,
cytolytic T-cell or killer T-cell. As described heremn, CD8+ T-cells are T-lymphocytes that can
fall cancer cells, virally infected cells, or damaged cells. CDB+ T-cells express T-cell recepiors
(TCRs) that can recognize a specific antigen. CD8+ T-cells express CDB on the surface. CD&+
expressing T-cells have the ability to make some cytokines, however the amounts of cytokines
made by CD&+ T-cells are not at a concentration that promotes, improves, contributes to, or
induces engrafiment fitness. “CD& T-cells” or “killer T-cells” are T- lymphocytes that can kill
cancer cells, cells that are infected with viruses or cells that are damaged.

[8071] Mature T cells express the surface protein D4 and are referred to as CD4+
T-cells. CD4+ T-cells are generally treated as having a pre-defined role as helper T-cells within

the immune system. For example, when an antigen-presenting cell expresses an antigen on
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MHC class I, a CD4+ cell will aid those cells through a combination of cell to cell interactions
{e.g. UD40 and CD40L) and through cyiokines. Nevertheless, there are rare exceptions; for
example, sub-groups of regulatory T-cells, natural killer celis, and cytotoxic T-cells express
CD4. Al of the fatter CD4+ expressing T-cell groups are not considered T helper cells.

(6072} As used heremn, “central memory” T-cell {or “TCM”} refers to an antigen
experienced CTL that expresses CD62L or CCR-7 and CID45RG on the surface thereof and
does not express or has decreased expression of CD45RA as compared to naive cells. In some
embodiments, central memory cells are positive for expression of CD62L, CCR7, (D28,
CD127, CD45RO, and/or CD9S, and have decreased expression of CDS4RA, as compared to
naive cells.

{66731 As used herein, “effector memory” T-cell (or “TEM”) refers to an antigen
experienced T-cell that does not express or has decreased expression of CD62L on the surface
thereof as compared to central memory cells, and does not express or has decreased expression
of CD4SRA as compared to naive cell. In some embodiments, effector memory cells are
negative for expression of CD62ZL and/or CCR7, as compared to naive cells or central memory
cells, and have variable expression of CD28 and/or CD4SRA.

[6074] As used herem, “naive” T-cells refers to a non-antigen experienced T
lvmphocyte that expresses CDOZL and/or CD4SRA, and/or does not express CD4SRO- as
compared to central or effector memory cells. In some embodiments, vaive D8+ T
lymphocytes are characterized by the expression of phenotypic markers of naive T-cells
mcluding CDeZL, CCR7, CD28, CD127, or CD45RA.

[6075] As used herein, “effector” “TE” T-cells refers to a antigen experienced
cytotoxic T lymphocyte cells that do not express or have decreased expression of CD62L,
CCR7, CD28, and are positive for granzyme B or perforin or both, as compared {0 central
memory or naive T-cells,

[6076] As used herein, “engraftment fitness” has its plain and ordmary meaning
when read i light of the specification, and includes, for example, the ability of a cell o grow
and proliferate after the cells have entered the body, e.g., blood stream, through adoptive
transfer. Engraftment can usually ocoeur within two to four weeks after the transfer.
Engrafiment can be monitored by checking blood counts for a specific cell on a frequent basis.

In some aliernatives of the method of treating, inhibiting, or ameliorating a disease in a subject
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is provided, the method can comprise admimstering a composition or product combination
comprising the genetically modified T-cells, as described herem. In some embodiments, the
method can further comprise monttoring the subject by checking the blood counts for the
genetically modified T-cells that expresses a chimeric antigen receptor e g, by identifving the
presence or absence of a marker associated with the transferred T-cells.

[0077] As used herein, “protein” has its plain and ordinary meaning when read in
light of the specification, and includes, for example, a macromolecule comprising one or more
polypeptide chains. A protein can therefore comprise of peptides, which are chains of amino
acid monomers linked by peptide (amide) bonds, formed by any one or more of the amino
acids. A protein or peptide can contain at least two amino acids, and no limitation is placed on
the maximum number of amino acids that can comprise the protein or peptide sequence.
Without being limiting, the amino acids are, for example, arginine, hustidine, lysine, aspartic
acid, glutamic acid, serine, threonine, asparagine, glutamine, cysteine, cystine, glycine,
proline, alanine, wvaline, hydroxyproline, isoleucine, leucine, pyrolysine, methionine,
phenylalanine, tyvrosine, tryptophan, ornithine, S-adenosyimethionine, or selenocysteine. A
proten can also comprise non-peptide components, such as carbohydrate groups, for example.
Carbohydrates and other non-peptide substituents can be added to a protein by the cell in which
the protein 5 produced and will vary with the type of cell. Proteins are defined herein in terms
of thetr amino acid backbone structures; substituents such as carbohydrate groups are generally
not spectfied, but can be present, nonetheless. In some embodiments, 3 CAR T-cell 1s also
engineered to further express a protein, such as a cytokine, a chimeric cytokine receptor, a
chimeric costimudatory molecule, a domunant negative receptor, an immunostinulatory
molecule, or an immunoregulatory molecule.

[8078] As used herem, “cytokines™ has s plain and ordinary meaning when read
in light of the specification, and includes, for example, small proteins (5-25 kDBa) that are
mportant in cell signahing. Cytokings are released by cells and affect the behavior of other
ceils, and sometimes the releasing cell itself, such as a T-cell. Cyiokines can include, for
example, chemokines, interferons, interleukins, lymphokines, or tumor necrosis factor or any
combination thereof. Cytokines can be produced by a broad range of cells, which can include,
for example, immune cells like macrophages, B lvmphocytes, T lymphocytes and mast cells,

as well as, endothelial cells, fibroblasts, and various stromal cells.
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(8079 As used herein, “interleuking” or 1L are cytokines that the immune system
depends largely upon. Examples of interlenkins, which can be utilized herein, for example,
mclude IL-1, 1L-2, 1L-3 1L-4 IL-5 IL-6, 1.7 HL-8/CXCLE, 1L-9, IL-10, 1L-11, 112, 11-13,
{14, 1L-15, 1L-16, TL-17, IL-18, 1L-19, 1L-20, 1L-21, 1122, 1123, 1L-24, §L.-25, 11.-26, L~
27, IL-28, IL-29, 1L-30, IL-31, [L-32, IL-33, IL-34, [L-35, or 1L-36 or any combination
thereof. Contacting T-cells with interleukins can have effects that promote, support, induce, or
improve engrafiment fitness of the cells. 1L-1, for example can function in the maturation &
proliferation of T-cells. 1L-2, for example, can stimulate growth and differentiation of T-cell
response. {L-3, for example, can promote differentiation and proliferation of myeloid
progenitor cells. -4, for example, can promote proliferation and differentiation. 1L-7, for
example, can promote differentiation and prohiferation of lymphoud progenitor cells, involved
m B, T, and NK cell survival, development, and homeostasis. IL-15, for example, can induce
production of natural killer cells. IL-21, for example, co-stimulates activation and proliferation
of CD8+ T-cells, augments NK cytotoxicity, augments CD40-driven B cell proliferation,
differentiation and isotype switching, and promotes differentiation of Thi7 cells.

[68080] As used herein, “propagating cells” or propagation refers to steps to allow
proliferation, expansion, growth and reproduction of cells. For example, cultures of CD8+ T-
cells and CD4+ T-cells can typically be mcubated under conditions that are suitable for the
growth and proliferation of T lymphocytes. In some alternatives of the method of making
genetically modified T-cells, which have a chimeric antigen receptor, the CD4+ expressing T-
cells are propagated for at least 1 day and may be propagated for 20 days, suchas 1,2, 3, 4, 5,
6,7,8,9, 10,11, 12, 13,14, 15,16, 17, 18, 19, or 20 days or for a period that is within 4 range
defined by any two of the aforementioned time pertods. In some alternatives of the method of
making genetically modified T-cells, which have a chimeric antigen receptor, the CD&+
expressing T-cells are propagated for at least 1 day and may be propagated for 26 days, such
as §,2,.3,4,5,6,7,8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 12, or 20 days or for a period that
is within a range defined by any two of the aforementioned time periods.

>

[6081] As used herein, “affinity selection,” refers to the selection of a specific
molecule or cell having a selectable cell surface marker by binding to the molecule or marker
or an epitope present thereon with a binding affimty agent, which allows for one to select out

the specific molecule or cell of interest. Affinity selection can be performed by, for example,
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antibodies, conjugated antibodies, leciins, aptamers, or peptides or any combination thereof.
in some embodiments, of the method of making genetically modified T-cells, the separating
of the CDB+ population of T-cells and/or 3 CD4+ population of T-cells from a mixed
population of T-cells is performed by affinity selection for T-cells having an epitope present
on CD8 and/or CD4. In some alternatives of the method, anti-CD® or anti-CD4 antibodies or
binding portions thereof are used to select out the cells of interest. In some alternatives of the
method, the separating of the CD8+ population of T-cells and/or a CD4+ population of T-cells
from a nuxed population of T-cells is performed by flow cytometry. In some alternatives of
the method, the separating of the CD8+ population of T-cells and/or a CD4+ population of T-
cells from a mixed population of T-cells 15 performed by immuno-magnetic selection. In some
alternatives of the methods, the anti-CDS8 or the anti-CD4 antibodies or binding fragments
thereof are conjugated to a solid support such as, for example, an inert bead or an inert particle.

60821 in another alternative, the expansion method or propagation can further
comprise adding anti-CD3 and/or anti CD28 antibody to the culture medium (eg., at a
concentration of at least 0.5 ng/ml). In another alternative, the method of making genetically
raodified T-cells, which bave a chimeric antigen receptor ruethod can further comprise addimg
-2, 1L-18, or 1L-21 or any combination thereof to the culture medium {e.g., wherein the
concentration of IL-2 15 at least 10 unuts/m1). In another alternative, the method of making
genetically modified T-cells, which have a chimeric antigen receptor method can further
comprise adding HL.-7, IL-15, or IL-21 or any combination thereof to the culture mediom (e.g.,
wherein the concentration of 11.-2 15 at least 10 units/ml). After isolation of T lymphocytes,
both cytotoxic and helper T lymphocytes can be sorted mto naive, memory, and effector T-cell
subpopulations sither before or after expansion.

[0083] Some embodiments include polypeptide sequences or conservative
variations thereof, such as conservative substitutions i a polypeptide sequence. In some
embodiments, “conservative amino acid substitution” refers to amino acid substitutions that
substitute functionally equivalent amine acids. Conservative amine acid changes result in
silent changes in the amino acid sequence of the resulting peptide. For example, one or more
aming acids of a simular polarity act as functional equivalents and result in a silent alteration
within the amino acid sequence of the peptide. Substitutions that are charge neutral and which

replace a residue with a smaller residue may also be considered “conservative substitutions”
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even if the residues are in different groups {e.g., replacement of phenylalanine with the smaller
isolencine). Families of amino acid residues having similar side chains have been defined in

the art. Several families of conservative amino acid substitutions are shown in TABLE 1.

TABLE 1

Family Amino Acids
non-polar Trp, Phe, Met, Leu, lle, Val, Ala, Pro
uncharged polar Gly, Ser, Thr, Asn, Gln, Tyr, Cys
acidic/negatively charged Asp, Glu
basie/positively charged Arg, Lys, His
Beta-branched Thr, Val, lle
residues that influence chain orientation Gly, Pro
aromatic Trp, Tyr, Phe, His

Certain nucleic acids

{8084 Some alternatives of the methods and compositions provided herein include
a nucleic acid comprising a polynucleotide encoding a chimeric antigen receptor {CAR).
TABLE 2 lists sequences useful with certain embodiments provided herein. FIG. 1 depicts
exemplary embodiments of nucleic acids encoding a CAR. In some embodiments, the CAR
comprises a ligand binding domain capable of or configured to specifically bind to CDI71. In
some embodiments, the ligand binding domain comprises a complementarity-determining
region (CDR) derived from an antibody that specifically binds to CDI71. In some
embodiments, the ligand binding domain comprises a VH domain and/or a VL domawmn derived
from an anttbody that specifically binds to CD171. In some embodiments, the hgand binding
domamn is derived from a CE7 monocional antibody (see e.g., Schonmann SM, er af,, {(1986)
Int J Cancer 1986;37.255-62 which 13 expressly mcorporated by reference in its entirety ). In
some embodiments, the higand binding domain comprises an scFv encoded by a nucleotide
sequence having a percentage sequence identity to the nucleotide sequence of SEQ 1D N{(:01
of at least 90%, 1%, 92%, 93%, 94%, 95%, 96%, 97%, 9&%;, or 99% or within a range defined
by any two of the aforementioned percentages. In some embodiments, the ligand binding
domain comprises an scFv comprising or consisting of a polypeptide encoded by the nucleotide

sequence of SEQ 1D NO:01.
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[0085] In some embodiments, the CAR comprises a polypeptide spacer. In some
embodiments, the polypeptide spacer has a length greater than or egual to 120 and less than or
equal to 230 consecutive amino acid residues. In some embodiments, the polypeptide spacer
consists of 229 consecutive amino acid residues. In some embodiments, the polypeptide spacer
comprises an IgG4 hinge domain. In some embodiments, the polypeptide spacer comprises an
124 hinge-CH2-CH3 domain. In some embodiments, the polypeptide spacer comprises an
{g(G4 hinge-CH2-CH3 domain in which the CHZ domain includes an L2350 substitution. In
some embodiments, the polypeptide spacer comprises an amino acid sequence having a
percentage sequence identity to the amino acid sequence of SEQ 1D NO:02 of at least 90%,
1%, 92%, 93%, 94%, 955, 96%%, 97%, 98%, or 99% or within a range defined by any two of
the aforementioned percentages. In some embodiments, the polypeptide spacer comprises or
consists of the amino acid sequence of SEQ 1D NG:.02.

[6086] in some embodiments, a C-terminus of the ligand binding domain is joined
1o an N-terminus of the polypeptide spacer with no more than 20, 19, 18, 17, 16, 15, 14, 13,
12,11, 10,9,8,7,6,5,4,3,2, 1, or 0 intervening amino acid residues. In some embodiments,
the C-ternunus of the ligand binding doman 1s joined via a peptide bond to the N-ternunus of
the polypeptide spacer with no mtervening amino acid residues. In some embodiroents, the C-
termunus of the polypepitde spacer 1s the C-termamus of an aromno acid sequence encoded by a
nucleotide sequence having a percentage sequence wdentity to the nucleotide sequence of SEQ
1D NO:0O1 of at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%., 98%, or 99% or within a
range defined by any two of the aforementioned percentages. In some embodiments, a N-
terminus of the polypeptide spacer 1s the N-terminus of an amine acid sequence having a
percentage sequence dentity to the amino acid sequence of SEQ 1D NOH0Z of at least 909,
1%, 9%, 93%, 94%;, 95%, 96%, 97%, 98%, or 99% or within a range defined by any two of
the aforementioned percentages.

[0087] In some embodiments, the CAR comprises a transmembrane domain. In
some embodiments, the transmembrane domain comprises a CD28 transmembrane domain.
In some embodiments, the CD28 transmembrane domain comprises an amine acid sequence
having a percentage sequence identity to the aming acid sequence of SEQ ID N(O:04 of at least

0%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% or within a range defined by any
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two of the aforementioned percentages. In some embodiments, the CD28 transmembrane
domain comprises or consists of the amino acid sequence of SEQ 1D NG04,

[0088&] In some embodiments, a C-terminus of the polypeptide spacer is joined to
an N-terminus of the transmembrane domain with no more than 20, 19, 18, 17, 16, 15, 14, 13,
12,11, 10,9,8,7,6, 5,4, 3,2, 1, or 0 intervening amino acid residues. 1n some embodiments,
the C-terminus of the polypeptide spacer is joined via a peptide bond to the N-terminus of the
transmembrane domain with no intervening amine acid residues. In some embodiments, the
C-terminus of the polypeptide spacer is the C-terminus of an amino acid sequence having a
percentage sequence identity to the amino acid sequence of SEQ 1D NO:02 of at least 90%,
1%, 92%, 93%, 94%, 955, 96%%, 97%, 98%, or 99% or within a range defined by any two of
the aforementioned percentages. In some embodiments, the N-terminus of the polypeptide
spacer is the N-terminus of an anuno acid sequence having a percentage sequence identity o
the amino acid sequence of SEQ ID NG:04 of at least 90%, 91%, 92%, 93%, 94%, 93%, 96%,
7%, 98%, or 99% or within a range defined by any two of the aforementioned percentages.

[0089] In some embodiments, the CAR comprises an wiracellular signalling
domain. In some embodiments, the intracellular signalling domain comprises a costiroulatory
domain selected from the group consisting of CD27, CD28, 4-1BB, OX-40, CI330, D40, PD-
1, ICOS, LFA-1, CD2, CD7, NKG2C, and B7-H3. In some embodiments, the miracellular
signalhing domain also includes a CD3-zeta domain or functional portion thereof In some
embodiments, the mtracellular signalling domain the intracellular signalling domain comprises
a 4-1BB costumulatory domain. In some embodiments, the 4-18B costimulatory domain is
encoded by a nucleotide sequence having a percentage sequence identity to the nucleotide
sequence of SEQ 1D NO:07 of at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
9% or within a range defined by any two of the aforementioned perceniages. In some
embodiments, the 4-1BB costimulatory domain 1s encoded by the nucleotide sequence of SEQ
D NOWWT7. In some embodiments, the CD3-zeta domain or functional portion thereof 1
encoded by a nucleotide sequence having a percentage identity to the nucleotide sequence of
SEQ 1D NO:08 of at least 90%, 91%, 92%, 93%, 94%%, 95%, 96%, 97%, 9&%, or 99% or within
a range defined by any two of the aforementioned percentages. In some embodiments, the
CD3-zeta domain or functional portion thereof comprises or consists of a sequence encoded

by the nucleotide sequence of SEQ ID NO.08.
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{60901 in some alternatives, which may include a third generation of CARs, the
mtracellular signalling domain also comprises a CD28 cytoplasmic domain. In some
embodiments the D28 cytoplasmic domain comprises an amino acid sequence having a
sequence percentage identity to the amino acid sequence of SEQ 1D NG:06 of at least 90%,
1%, 92%, 93%, 4%, 95%, 96%, 97%, 98%, or 99% or within a range defined by any two of
the aforementioned percentages. In some embodiments, the CD28 cvtoplasmic domain
comprises or consisis of the amino acid sequence of SEQ 1D NG:06. In some embodiments
the (D28 cytoplasmic domain comprises an amino acid sequence having an LI>GG
substitution. In some embodiments the CD28 cytoplasmic domain comprises an aming acid
sequence having a sequence percentage identity to the amino acid sequence of SEQ ID NGO 18
of at least 20%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% or within a range defined
by any two of the aforementioned percentages. In some embodiments, the CD28 cytoplasmic
domain comprises or consists of the amino acid sequence of SEQ ID NG:18. In some
embodiments, which may include a second generation CAR, the mntracellular signalling
domain lacks a CD28 cytoplasmic domain

[0091] Some embodiments also include a constitutive promoter operably linked to
the polyoucleotide encoding a chimeric antigen teceptor. In some embodiruents, the
constitutive promoter comprises an EFla promoter. Some embodiments also include an
nducible promoter operably hinked to the polyunucleotide encoding a chimeric antigen receptor.

[6092] Some embodiments also include a polynucleotide encoding a cell-surface
selectable marker. In some embodiments, the cell-surface selectable marker 1s selected from a
sruncated BEGFR polypeptide (EGFRt) or 8 truncated Her2 polypeptide (Her2t).

[8093] Some embodiments also include a nibosome skip sequence located between
a polynucleotide encoding the intracetular signalling domain and the polynucleotide encoding
a cell-surface selectable marker. In some embodiments, the ribosome skip sequence 1s selected
from the group consisting of a P2A sequence, a T2A sequence, an H2A sequence, and an F2A
sequence.

[0094] Some embodiments also include a polynucleotide encoding a suicide gene
svstem. In some embodiments, the suicide gene system is selected from a herpes simplex virus
thymudine kinase/ganciclovir (HSYTK/GCV) suicide gene system, or an inducible caspase

suicide gene system.
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Some embodiments of the methods and compositions provided herein

mclude vectors comprising any one of the nucleic acids disclosed herein encoding an anti-

CD171 CAR, such as any one of the foregoing nucleic acids. In some embodiments, the vector

is selected from the group consisting of a viral vector, a transposon vector, an integrase vector,

and an mRNA vector. In some embodiments, the viral vector 18 selected from the group

consisting of a lentiviral vector, a foamy viral vector, a retroviral vector, and a gamma

retroviral vector. In some embodiments, the viral vector is a lentiviral vector.

[0096)

Some embodimentis of the methods and compostiions provided herein

include a polypeptide encoded by any one of the nucleic acids disclosed herein. TABLE 2 lists

example sequences useful with certain embodiments provided herein.

SEQ ID NO:01

TABLE 2
Feature g "
SEQ ID NO Sequence
CE7 scFV ATGCTGCTGCTGGTGACCAGCCTORCTGLTGTGCGAGCTGLLCCC

ACCCCGCCTTTICTGCTGATCCCCCAGGTGCAGCTGCAGCAGCT
TCGCGCCGAGCTGGTGAAGCCAGGCGCCAGCGTGAAGCTGTC
CTGCAAGGCCAGCGGCTACACCTTICACCGGCTACTGGATGCAC
TCGOGTGAAGCAGAGACCCGGUCACGGUCTGGAATGGATOGGE
GAGATCAACCCCAGUAACGGCCGGACCAACTACAACGAGEGG
TTCAAGAGCAAGGUCACCCTGACCGTGGACAAGAGCAGCACC
ACCGCCTTCATGCAGCTGTCCGOGCCTGACTCAGCGAGGACAGC
GCCOTGTACTTICTOCGUCAGGOACTACTACGGCACCAGCTACA
ACTTCGACTACTGGGGCCAGGGCACCACACTGACCGTGAGCA
GCGGCGGAGGOGGGUTCTGGCGGUGGAGGATCTGGOGGAGGG
GGCAGCGACATCCAGATCACCCAGAGUAGCAGCAGCTTCAGC
GTGAGCCTGOGGCGACCOGGGTGACCATCACCTGTAAGGCCAALC

GOGCAACAGCCCCAGGCTGCTGATCAGCGGCGUCACCAACCTG
GTGACCGGCGTGUCCAGCCGOGTTTAGCGGCAGCGGCTCCGGO
AAGOACTACACCCTGACCATCACAAGUCTGCAGGUCGAGGAL
TTCGCCACCTACTACTGCCAGCAGTACTGGTCCACCCCCTTICA
CCTTCGGLAGCGGCACCGAGCTGGAAA

L {long) spacer
L2350
substitution
(underiined)
SEQ D NG:.OZ

ESKYGPPCPPCPAPEFDGGPSVELFPPKPEKDTLMISRTPEVTCOVVY
DVSQEDPEVOFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLT
VEHODWLNGEEYKCEVSNKGLPASIEKTISKAKGOPREPOVYTL
PPSQEEMTKNGQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPP
VEDSDGSFFLYSRLTVDESRWOQEGNVESCSVMHEALHNHYTOK
SESLSLGK
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Feature
SEQ I NO

Sequence

L (long} spacer
L2350 codon
substitution
{underlined}
SEQ ID NG:03

GAATCTAAGTACGGACCGCCCTGCCCCCGAGTTICGAL GGG
ACCCAGUGTGTITCCTGTTCCCCCCCAAGCCCAAGGACACCOTG
ATGATCAGCCGGACCCCCGAGGTGACCTGUGTGGTGGTGGAC
GTGAGCCAGGAAGATCCCGAGOTCCAGTTCAATTGOTACGTIG
GACGGCGTGGAAGTGCACAACGCCAAGACCAAGCCCAGAGA
GGAACAGTTCAACAGCACCTACCGGGTGGTGICTGTIGCTGACC
GTGCTGCACCAGGACTGGCTGAACGGCAAAGAATACAAGTGC
AAGGTGTCCAACAAGGGCCTGCCCAGCAGCATCGAAAAGACC
ATCAGCAAGGCCAAGGGCCAGCCTCGCGAGCCCCAGGTGTAC
ACCCTGCCTCCCTCCCAGGAAGAGATGACCAAGAACCAGGTIG
TCCCTGACCTGCCTGGTGAAGGGCTICTACCCCAGCGACATCG
CCOTGGAGTGGGAGAGCAACGGCCAGCCTGAGAACAACTACA
AGACCACCCCTCCCGTGCTGGACAGCGACGGCAGCTTCTTCCT
GTACAGCCGGCTGACCGTGCGACAAGAGCCGGTGGCAGGAAGG
CAACGTCTTTAGCTGCAGCGTGATGCACGAGGCCCTGCACAAC
CACTACACCCAGAAGAGCCTGAGCCTGTCCCTGGGCAAG

CD28tm
SEQ ID NO:04

MEWYVLVVYGGVLACYSLLVTVAFIFWY

CD28im
SEQ ID NO.03

ATGTTCTGOGTGCTGOTGGTGOTCGGAGGUOGTOCTGGUUTGET
ACAGCCTGCTOGGTCACCOGTOGCCTTCATCATCTTTTIGOATG

CD28
cytoplasmic
SEQ ID NO:06

RSKRSRULHSDYMNMTPRRPGPTREKHYOPYAPPRDFAAYRS

41-BB
SEQ I} NO:07

AAACGGGGCAGAAAGAAACTCCTIGTATATATTICAAACAACCA
TTTATGAGACCAGTACAAACTACTCAAGAGGAAGATGGCTGT
AGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGAACTG

D3
SEQ 1D NO:08

CGOGOGTOAAGTTCAGCAGAAGUGCCCGACGCCUUTGUCTACCAG
CAGGGCCAGAATCAGUTGTACAACGAGCTGAACCTGGGCAGA
AGOHGAAGAGTACGACGTCCTGGATAAGCGGAGAGGCCGHGA
CCCTGAGATGOGCGGCAAGCCTCGGLGGAAGAACCCCCAGGA
AGOGCCTGTATAACGAACTGCAGAAAGACAAGATGGCCGAGGT
CTACAGCGAGATCGOCATGAAGGGUGAGUGGAGGUGGHGCA
AGOHGCCACGACGGUCTOTATCAGOGGCCTGTICCACCGCCALCA
AGOATACCTACGACGCCCTGCACATGCAGGCCCTGUCCCCAA
GG

SEQID NG 10

TZA CTCOGAGGGOGGUOGOAGAGGGUAGAGGAAGTCTTCTAACATGC
SEQID NG00 | GGTGACGTGHGAGGAGAATCCCGGUCUTAGG
EGFRt COCAAAGTGTGTAACGGAATAGGTATIGGTGAATTITAAAGAC

TCACTCYCCATAAATGCTACGAATATTAAACACTTCAAAAACT
GCACCTCCATCAGTGGCCGATCTCCACATCCTGCCGGTGGCATT

T
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Feature
SEQ I NO

Sequence

TAGGGGTGACTCCTTCACACATACTCCTCCTUTGGATCCACAG
GAACTGOATATTCTGAAAACCGTAAAGGAAATCACAGGGTTT
TTGCTGATTCAGGCTTGGCCTGAAAACAGGACGGACCTCCATG
CCTTTGAGAACCTAGAAATCATACGCGGCAGGACCAAGCAALC
ATOGGTCAGTTITCTCTTGCAGTCGICAGCCTGAACATAACATC
CTTGGCATTACGCTCCCTCAAGGAGATAAGTGATGGAGATGT
GATAATTTCAGGAAACAAAAATTTGTGCTATGCAAATACAATY
AAACTGGAAAAAACTGTTTGGGACCTCCGGTCAGAAAACCAA
AATTATAAGCAACAGAGGTGAAAACAGCTGCAAGGCCACAGG
CCAGGTCTGCCATGCCTTGTGCTCCCCCGAGGOCTGCTGHEGL
CCGQGAGCCCAGGGACTGCGTCTCTTGCCGGAATGTCAGCCGA
GGCAGGGAATGCGTGGACAAGTGCAACCTTICTGGAGGGTGAG
CCAAGGGAGTTTIGTGGAGAACTCTGAGTGCATACAGTGCCAL
CCAGAGTGCCTGCCTCAGGCCATCGAACATCACCTGCACAGGA
COQGGGACCAGACAACTGTATCCAGTGTGCCCACTACATTGAC
GGCCCCCACTGUGTCAAGACCTGCCCGGCAGGAGTCATGGGA
GAAAACAACACCCTGGTCTGGAAGTACGCAGACGCCGGCCAT
GTGTGCCACCTGTGCCATCCAAACTGUCACCTACGGATGCACTG
GGUCAGGTCTTCGAAGGCTOTCCAACGAATGGGCCTAAGATCC
COTCCATCGCCACTGGGATGGTGGOGGGCCCTCCTCTTGCTGCT
GOTGOTGGCCCTOGOGHGATCGOGOCTUTTCATG

S {small} spacer
SEQID NG 11

ESKYGPPCPPCP

8 (small} spacer
SEQID NGz

M {medium)

ESKYGPPCPPCPGOPREPOVYTLPPSQEEMTKNQVSLTCLVEKGEY

SEQ ID NG:14

spacer PSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSRLTVDKSRW
SEQID NO:13 | QEGNVFSCSVMHEALHNHYTOKSLSLSLGK

M (medium) GAATCTAAGTACGGACCGCCCTGCCCCCCTTGCCCTGGCCAGT
spacer CTAGAGAACCCCAGGTGTACACCCTGCCTCCCAGCCAGGAAG

AGATGACCAAGAACCAGOTOTCCCTGACCTGCCTGGTCAAAG

GCTTCTACCCCAGCGATATCGCCGTIGGAATGGGAGAGCAACG

GCCAGCCCGAGAACAACTACAAGACCACCCCCCCTOTGOTGS

ACAGCGACGGCAGCTTCTTCCTGTACTCCCGGCTGACCGTGGA
CAAGAGCCOGGTGGCAGGAAGGCAACGTCTTCAGCTGCAGCGT
GATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCT

GAGCCTGAGCCTGGGCAAG

i (fong) spacer
SEQ D NO:13

ESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVY
DVSQEDPEVOFNWYVDGVEVHNAKTKPREEGFNSTYRVVSVLT
VLHODWENGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTL
PPSQEEMTKNOVSLTCLVEKGFYPSDIAVEWESNGQPENNYKTTPP

-
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Feature
SEQ I NO

Sequence

VLDSDGSFFLYSRLTVDRSRWOQEGNVESCSVMHEALHNHYTQK
SESESLGK

L {long) spacer
SEQID NG16

GAATCTAAGTACGGACCGCCCTGCCCCCCTTGOCCTGUCCCCG
AGTTCGACGGCGOACCCAGCGTGTTCCTGTTCCCCCCCAAGOD
CAAGGACACCCTGATCGATCAGCCGGACCCCCGAGGTCGACCTG
COTCOTGOTGOACGTGAGCCAGGAAGATCCCGAGGTCCAGTT
CAATTOGGTACGTOGACGGCGTGGAAGTGCACAACGUCAAGAC
CAAGCCCAGAGAGGAACAGTTCCAGAGCACCTACCGGOTOGT
GTCTOGTGUTCACCOGTGCTOGCACCAGGACTGGUTGAACGGCAA
AGAATACAAGTGCAAGOTOTCCAACAAGGGUUTGCCCAGCAG
CATCGAAAAGACCATCAGCAAGGCCAAGGOCCAGCCTCGCGA
GCCCCAGGTGTACACCCTGCCTCCCTCCCAGGAAGAGATGALCC
AAGAACCAGGTOTCCCTGACCTOCCTGOTGAAGGOGUTTCTACT
CCAGCGACATCGUCGTGGAGTGGGAGAGCAACGGCCAGCCTG
AGAACAACTACAAGACCACCCCTCCCGTGUTGUGACAGCGACG
GCAGCTTCTTCCTGTACAGCCGGCTGACCGTGGACAAGAGCCG
GTOGCAGGAAGGCAACGTICTTTAGCTGCAGCGTGATGCACGA
GGCCCTGCACAACCACTACACCCAGAAGAGCCTGAGLCTGTC
CCTGGGCAAG

CD28
cytoplasmic
(LL->GG, at 7%
and 8% amino
acid residues)
SEQ D NGy

COGAGCAAGCGGAGCAGAGGUCGGCCACAGCGACTACATGAA
CATGACCCCCAGACGGUCTGGCCCCACCCGGAAGCACTACCA
GCCCTACGCCCCACCCAGGGACTTTGUCGCCTACAGAAGOC

CD28
cytoplasmic
(LL->GG, at 78
and 8% residues)
SEQID NO:18

RSKRSRGGHSDYMMNMTPRRPGPTRKHYQPYAPPRDIAAYRS

L {long) spacer
12350 and
N257Q
substitutions
{underiined)
SEQ ID NO:19

ESKYGPPCPPCPAPEFPOGGPSVEFLFPPKPKDTEMISRTPEVICVYVY
DVSQEDPEVOFNWYVDGVEVHNAKTKPREEGFOQSTYRVYSVLT
VLHEQDWENGKEYKCEVSNKGLPSSIEK TISKARKGOPREPQVYTL
PPSQEEMTKNQVSLTCLVEGFYPSDIAVEWESNGOQPENNYKTTPP
VEDSDGSFFLYSRUTVDESRWQEGNVEFSCSVMHEALHNHYTOK
SESLSLGK

L {long) spacer
L2350 and
N257Q codon
substitutions
{underlined)

GAATCTAAGTACGGACCGCUCTGUCCCCGAGTTCGALGOGCGE
ACCCAGCGTGTTCCTGTITCCCCCCCAAGCCCAAGGACACCCTICG
ATGATCAGCCGGACCCCCGAGGTGACCTGCGTGGTGGTGGALC
GTGAGCCAGGAAGATCCCGAGGTICCAGTTCAATTGGTACGTG
GACGGUGTGGAAGTGCACAACGUCAAGACCAAGCCCAGAGA

8-
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Feature

SEQ ID NO Sequence

SEQID NG:20 | GCAACAGTTCLCAGAGUACCTACCGGGTGOTOTCTGTGCTGALC
COTOGCTOCACCAGGACTGGUTGAACGGUAAAGAATACAAGTG
CAAGGTGTCCAACAAGGGCCTGCCCAGCAGCATCGAAAAGAC
CATCAGCAAGGCCAAGGOCCAGCCTCGCGAGCCCCAGGTGTA
CACCCTGCCTCCCTCCCAGGAAGAGATGACCAAGAACCAGGT
GTCCCTGACCTGCCTGOTGAAGGGCTTCTACCCCAGUGACATC
GCCGTGGAGTGGGAGAGCAACGGLCAGCCTGAGAACAACTAC
AAGACCACCCCTCCCGTGCTGGACAGCGACGGCAGCTTCTTCC
TGTACAGCCGGCTGACCGTGGACAAGAGCCGUGTGGLAGGAAG
GCAACGTCTTTAGUTGCAGCGTGATGCACGAGGCCCTGCACA
ACCACTACACCCAGAAGAGCCTGAGCCTGTCCCTGGGCAAG

Certain cells

{60971 Some embodiments of the methods and compositions provided herein
imnclude host cells comprising any one of the nucleic acids provided herein In some
embodiments, the host cell is a CD4+ T-cell or a CD8+ T-cell. In some embodimenis, the host
cell s a precursor T-cell, or a hematopoietic stem cell. In some embodiments, the host cell is
a CD8+ cytotoxic T-cell selected from the group consisting of a naive CD8+ T-cell, a CD8+
memory T-cell, a central memory CD8+ T-cell, a regulatory CD&+ T-cell, an IPS derived
CD8+ T-cell, an effector memory CD8+ T-cell, and a bulk CD8+ T-cell In some
embodiments, the host cell 1s a CD4+ T helper cell selected from the group consisting of a
naive CD4+ T-cell, a CD4+ memory T-cell, a central memory CD4+ T-cell, a regulatory D4+
T-cell, an IPS derived CD4+ T-cell, an effector memory C134+ T-cell, and a bulk CD4+ T-
cell. Tn some embodiments, the cell is allogenic to a subject, preferably a huroan, and 10 other
embodiments, the cell 15 autologous to a subject, preferably a human

[8098] Some embodiments of the methods and compositions provided herein
neiude pharmaceutical compositions comprising any one of the host cells provide hereinand

a pharmaceutically acceptable excipient.

Certain therapeutic methods

[B099] Some of the methods and compositions provided herein relate to therapeutic
alternatives. Some such methods mclude treating, inhibiting or amehiorating a cancer in a

subject, preferably a human, comprising administering any one of the host cells provided
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herein to the subject. In some embodiments, the subject is mammalian. In some embodiments,
the subject, preferably a human, 15 selected or identified to receive a CAR specific for the
cancer said subject 18 experiencing. Such selection or identification of a subject or population
of subjects responsive to such a therapy can be made by a clinician or physician using clinical
and/or diagnostic evaluation e g, diagnostic evaleation of the presence or amount of CD171
on cancer cells residing in said subject.

[0160] In some embodiments, the subject 15 administered a dose comprising a
plurality of the host cell sufficient to treat, inhibit or ameliorate the cancer that is less than a
dose sufficient o treat, inhibit or ameliorate the cancer of a plurality of cells comprising a CAR
comprising a polypeptide spacer having a length less than 120 consecutive amino acid residues.

(0101} In some embodiments, the subject is administered a dose comprising a
plurality of the host cell of less than 1 x 10° cell/kg, 2 x 10° cell/kg, 3 x 10° cell/kg, 4 x 10°
cell/ke, S x 10¢ cell/kg, 6 x 10° cell/kg, 7 x 10° cellikg, 8 x 10° cell/kg, 9% 10° cell/kg, but not
less than zero.

[6102] Some embodiments also include admnistening cetuxiroab to the subject in
addition to one or more of the therapies disclosed herein,

[0103] In some embodiments, the cancer comprises a CD171 expressing cell. In
some erbodiments, the cancer comprises a brain cancer. In some emnbodiments, the cancer 1s
selected from a neuroblastoma or a ganghioneuroblastoma. Additional embodiments include
the use of any one or more of the host cells described herem as a medicament, preferably a
medicarment for the treatment, inhibition, or amelioration of a cancer, such as a neuroblastoma

or a ganglioneuroblastoma.

EXAMPLES

Example 1 {comparative examplel—in vigro and xenograft activities of anti-C171 CARs

[0104] Anti-CD171 CARs were prepared by methods substantially similar to those
described mm 1.8, 2018/0009891 and in Kunkele A. ef af | (2015) Cancer Immuno! Res 3:368-
379 which are each expressly incorporated by reference in its entirety. The anti-CDB171 CARs
included a second generation of CARs having a short spacer (1gG4 hinge domain}, a medium
spacer (IgG4 hinge-CH2 domain}, or a long spacer {IgG4-CH2-CH3 domain}. FIG. 1 depicts

a schematic of an exemplary structure of a nucleic acid encoding a second generation of CARs
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and a third generation anti-C171 CAR with a short spacer. Second generation CARs lacked
an miracetlular signalling domain comprising a CD28 cytoplasmic domain. Third generation
CARs included an intracellular signalling domain comprising a CD28 cytoplasmic domain
located between a CD28 transmembrane domain and a 4-18B domain.

[0105] in vitro studies and in vivo xenograft studies were performed to determine
the activity of cells containing each generation of CAR. See Kunkele A. etal., {2015) Cancer
Immunol Res 3:368-379. Briefly, CARs with a longer spacer induced higher levels of
phospho-ERK upon co-culture with CD171+ Be2 neurcblastoma cells at a 1:1 E:T ratio than
CARs with a medium or a short spacer. CARs with a longer spacer induced higher levels of
C3137 surface expression upon co-culture with CD171+ Be2 cells at a 1:1 E:T ratio than
CARs with a medium or a short spacer. CARs with a longer spacer induced higher levels of
specific lysis upon co-culture with CD171+ Be2 cells than CARs with a medium or a short
spacer. CARs with a longer spacer stimulated high levels of cytokine secretion, IL-Z,
TNFalpha, and IFN gamma in mixed tamor cultures than CARs with a medium or a short
spacer.

[8106] However, anti-CD3171 CARs with a longer spacer had substantially less
activity i vitro than CARs with roedium or shorter spacers. Briefly, an intracranial mouse
neurcblastoma xenograft therapy model was used v which fflLuc+Be? tumors were
stereotacticly implanted at day 0, and CARs were administered at day 7. In tumors contacted
with CARs having a long spacer, mcreasing signal from tumors and mouse survival was
substantially stmifar to tumors contacted with control cells. In contrast, when tumors were
contacted with CARs having a short or medium spacer, mouse survival was substantially
mcreased compared {0 tumors contacted with control cells. Thus, unexpectedly, CAR
constructs having a long spacer generated the highest in vitro activity but exhibited attenuated

antitumor potency i vivo,

Example 2—J1n vifro and xenoegraft activities of anti-CD 171 CARs

(61071 Second and third generation anti-CD171 CARs containing a double mutant
long spacer were generated in which the double mutant fong spacer included an 1gG4-CH2-

CH3 domain m which the CH2 domain included an L2350 substitution and an N237(
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substitution (SEQ 1D NG:18). The L235D substitution reduced or removed binding to human
FeyR1, and the N257Q substitution reduced or removed binding to muring FeyR1.

[0108§] In vitro studies and i vive xenografi studies were performed to compare
the activities of the following CARs: a second generation CAR with a short spacer; a third
generation CAR with a short space; a second generation CAR with a double mutant long
spacer; and a third generation CAR with a double mutant long spacer. Briefly, cells containing
CARs were co-cultured in vifro at various ratios with control cells or with CD171+ target cells,
and specific lysis of the target cells was measured (FIG. 2). Specific lysis was observed against
CD171+ target Be2 cells with each CAR, with CARs having long spacers having some greater
activity than CARs having short spacers. Cells containing CARs were co-cultured in vitro with
contred cells or with CD171+ target cells, and stimulated cytokines were measured (FIG. 3).
CARs mduced cytokine stimulation with CARs having long spacers having some greater
activity than CARSs having short spacers.

[8109] An in vivo intracranial mouse neuroblastoma xenograft therapy model was
used 1n which ffLuctBe2 tumors were stereotacticly implanted at day 0, and CARs were
administered at day 7. Third generation CARs with long or short spacers eradicated tumors
(FIG. 4}, and prolonged survival (FIG. 5). Second generation CARs with short or long spacers

also eradicated tumors but resulted 1 earlier death (FIG. 4 and FIG. 5).

Example 3-——Preparation of CARs for mfusion

[8110] Anti-CD171 CARs were prepared by methods substantially sumilar to those
described m U.S. 2018/6009891 which is expressly incorporated by reference in its entirety.
The CARs included a second generation anti-CDB171 CAR comprising a short spacer; a second
generation anti-CD171 CAR comprising a long spacer; and a third generation anti-CD171
CAR comprising a short spacer. The short spacer incloded an IgG4 hinge domain. The long
spacer ncluded an 1gG4 hinge~-CH2Z-CH3 domain in which the CH2 domam mcluded an
12350 substitution (SEQ 1D NG:02). The L235D substitution reduced or removed binding to
FoyR1.
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Example 4—Preparation of CAR T cells for infusion

(8111 CAR T cells from subjects were prepared by methods substantially simiar
to those described in Kunkele A eral, (2017) Clin Cancer Res 23:466-477, which is expressly
incorporated by reference in its entirety. Briefly, subjects underwent standard apheresis for
collection of approximately 5 X 10° PBMUCs. After isolation of a2 CD4+ and a CD8+ T-cell
population using CD4 and CD8 magnetic beads, cells were stimulated with anti-CD3/CD28
beads (Life Technologies) and cultured in X-Vivo media (Lonza) supplemented with 10%
defined, irradiated, heat-inactivated FBS (GE Hyclone), 1115 (0.3 ng/ml), and for CD8+ cells
L2 (50 U/mb), for CD4+ cells IL7 (5 ng/mb). Transduction with the CE7 CAR lentiviral
vector was performed on day 1 by centrifugation at 800 X ¢ for 30 minutes at 32°C with
lentiviral supernatant [approximate multiplicity of infection (MOI) = 0.1} supplemented with
1 mg/mL protamine sulfate {APP Pharmaceuticals). Residual stimulation beads were removed
from culture prior to cryopreservation using the CTS magnet system {Life Technologies). Cells

were expanded and cryopreserved in CryoStor CS-5 (Sigma) until the day of planned infusion.

Example S—Phase I clinical trigl

(0112} A Phase 1 clinical trial was 1nitiated to determine the feasibility and safety
of cellular ymmunotherapy for recurrent/refractory neuroblastoma using autologous T-cells
lentivirally transduced to express CD171-specific chumernic antigen receptors.

[0113] Subject inclusion criteria ncluded: prior diagnosis of neuroblastoma or
ganglioneurcblastoma either by istologic verification and/or demonstration of tumor cells in
the bone marrow with increased catecholamine levels; male or female subjects < 26 vears of
age; diagnosis of high nisk newroblastoma at iitial diagnosis or if non-high risk at time of
mnitial diagnosis must have had evidence of metastatic progression when > 18 months of age;
measurable or evaluable disease; Lansky or Karnofsky performance status score of > 50; hife
expectancy of > 8 weeks; recovered from significant acute toxic effects of all prior

=

chemotherapy, immunotherapy, or radictherapy prior to enroliment onto this study; > 7 days
since last chemotherapy or biologic therapy administration; no systemic corticosteroids {unless
physiologic replacement dosing) within 7 davs of enrollment; > 3 half-lives or 30 days from

time of last dose of anti-tumor directed antibody therapy, whichever is shorter from time of
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enrgliment; > 6 weeks from myeloablative therapy and autologous stem cell ransplant (timed
from stem cell infusion), patients who received stem cell infusion following non-myelo-
ablative therapy are eligible once they meet all other eligibility requirements, and patient must
not have recerved a prior allogeneic hematopotetic stem cell transplant; no prior genetically
modified cell therapy that is still detectable or prior virotherapy; must not be receiving external
beam radiation therapy at the time of study enroliment > 12 weeks from prior 1131 MIBG
therapy; adequate organ function; adeguate laboratory values; and negative HIV antigen and
antibody, Hepatitis B surface antigen and Hepatitis C antibody within 3 months prior to
enroliment, for patients with positive Hepatitis C antibody, negative PCR testing must be
documented in order to be eligible.

[8114] Subject exclusion criteria included: history of relevant CNS pathology or
current relevant CNS pathology (non-febrile seizure disorder requiring ongoing anti-epileptic
medications, paresis, aphasia, cerebrovascular ischemia/hemorrhage, severe brain injuries,
dementia, cerebellar disease, organic brain syndrome, psychosis, coordination or movement
disorder), and patients may have CNS intracrarual tumor; pregoant or breast-feeding; unable
io tolerate apheresis procedure mncluding placement of temporary apheresis catheter if
necessary; presence of active malignancy other than neuroblastoma; presence of known
mtracramal metastatic neuroblastoma, and skull based disease with soft tissue extension 1s
allowed, presence of active severe infection; presence of any concurrent medical condition
that, in the opmnion of the protocol principal investigator, would prevent the patient from
undergoing protocoi-based therapy; presence of a primary immunodeficiency/bone marrow
failure syndrome; receiving any other anti-cancer agents or radiotherapy at the time of study
entry; and unwilling or unabie to provide consent/assent for participation in the study and 15-
vear follow-up.

[8115] The protocol used was substantially the same as the following. Upon
meeting the eligibility requirements and enrolling on study, subjects underwent apheresis to
obtain the T cells for the generation of the CD171 CAR+ T cells. The T cells were isolated
from the apheresis product, the CD4 and CD8 T cells were then selected and grown separately,
transduced with a lentivirus to express the CD171 CAR, as well as, a trancated EGFR (EGFR1)
that had no signaling capacity and expanded in culture over a 4-6 week period. After the CAR+

T cells had been generated, the subject underwent a disease assessment and deternmination of
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necessary lymphodepletion therapy. Atleast 48 hours after the completion of lymphodepletion,
the subject received an mfusion of CAR+ T cells at an approximate 1.1 ratio of D4 to CD8
CAR+ T cells. Some subjects further received cetuximab for ablation of the genetically
modified T ceils. Criteria to receive cetuximab included acute toxicities that were life
threatening, as well as, studies indicating lymphoproliferative disorder arising from an infused
genetically modified T cell. Primary outcome measure included dose limiting toxicity (DLT)
in which patienis were evaluated through day 28 for occurrence of DLT. Secondary outcome
measures included tumor response in which patients were evaluated by a revised international
neuroblastoma response criteria with a 42 day tumeframe.

[8116] The clinical trial included three experimental arms: A, B, and C.
Experimental arm A included the use of short spacer second generation CE7R CAR T cells.
The protocol used was substantially the same as the following. Autologous CD4 and CDS cells
were lentivirally transduced to generate patient derived CD171 specific CAR T cells, which
also expressed an EGFRt Patienis received lymphodepletion chemotherapy prior to
mtravenous infusion with the autologous T cells transduced to express 4-1BBzeta CDI7ICAR
and EGFRt. The CD171 specific CAR T cells were administered approximately 2-3 days after
lyrmaphodepletion chemotherapy. Cells were admnistered approximately 111 CD4 and CDS8
cells and dose levels were evaluated for a total T cell dose oft 1x10° celis/kg {dose 1), 5x10°
cells/kg (dose 2), 1x107 cells/kg (dose 3), 5x107 cells/kg (dose 4), or 1x10% cells/kg (dose 5).

(6117} Hxperimental arm B included the use of short spacer third generation CETR
CAR T cells. The protocol used was substantially the same as the following. Autologous CD4
and CD8 cells were lentivirally transduced to generate patient derived CD171 specific CAR T
cells which also expressed an EGFR{ Patients received lymphodepletion chemotherapy prior
to mtravenous infusion of the autologous T cells transduced to express CD28:4-1BB zeta
CE171CAR and EGFRt The CD171 spectfic CAR T cells were administered approximately
2-3 days after lymphodepletion chemotherapy. Cells were adnunistered approximately 1.1
CD4 and CDB cells and dose levels were evaluated for a total T cell dose of 1x10° cells/kg

{dose 1}, 5x10° cells/kg (dose 2}, 1x107 cells/kg (dose 3}, 5x107 cells/kg (dose 4), or Ix10®
cells/kg (dose 5).
[6118] Experimental arm C included the use of long spacer second generation

CETR CAR T cells. The protocol used was substantially the same as the following. Autologous
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CD4 and CD8 cells were lentivirally transduced to generate patient derived CD171 specific
CAR T cells which also expressed an EGFRt Patients received lymphodepletion
chemotherapy prior to intravenous infuston of auwtologous T cells transduced to express 4-
1BBzeta CD171CAR and EGFRt CD171 specific CAR T cells were admunistered
approximately 2-3 days after lymphodepletion chemotherapy. Cells were administered
approximately 1.1 CD4 and CDS8 cells and dose levels were evaluated for a total T cell dose
of: 1x10° cells/kg (dose 1), 5x10° cells/kg {dose 2), 1x107 celis/kg (dose 3}, 5x107 cells/kg

{dose 4}, or 1x10% cells/kg (dose 5).

Results

(8119 Twenty-eight {28) subjects were enrolled in the study. Nineteen (19}
subjects recetved CAR T-cell infusion, two (2} of which have received a second mfusion. Six
(6) subjects went off protocol therapy prior to receiving CAR T cell infusion for reasons
including family preference, disease progression and ineligibility for T cell infusion, or
mability to manufactare CAR T cells. Three (3) subjects are chinically stable and subjects are
waiting for signs/symptoms of disease progression prior to proceeding with T cell infusions,

[0120] Grade 2 maculopapular skin rash and Grade 3-4 byponatremia were
observed in subjects treated at dose level 3 arm B, and dose level 3 arm A, The subjects of
dose level 5 arm A reeting oritenia for dose limiting toxicity and criteria to resume the prior
“k-m-row” up-and-down dose escalation statistical design. The protoco! was amended to
mclude addittonal evaluation of serum and urine electrolyvtes following CAR T cell infusion.
Subsequent dose assignments were restarted at dose level 4 arm A, and dose level 2 arm B per
the protocol statistical design. Since resuming “k-in-row” statistical design for arms A and B,
eleven (11} patients have been enrolled and six (6} received T cell infusion in arms A and B!
arm A dose level 4 (2 subjects), arm B dose level 2 (3 subjects), arm B dose level 3 (1 subject).
Arm C has opened accrual in the single patient escalation design phase and one (1) subject has
been treated at dose level 1T without experiencing a DLT. Of note, three (3) patients were treated
on arm B dose level 2, meeting criteria to escalate back to arm B dose level 3 on which one (1)
additional patient has been treated without DLT.

[8121] Toxictties related to T cells include cyvtokine release syndrome, skin rash

and hyponairemia. Ten {10) of nineteen {19) subjects developed Grade 1-2 skin rashes after T
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cell infusion: 4/4 subjects on arm B dose level 2 (subjects S14, 818, 820 and 821}; 2/2 subjects
on arm B dose level 3 {subjects 815, $23}; 3/4 subjects on arm A dose level 4 (subjects S11,
822, 825}, and 1/1 subject on arm A dose level 5 (subject $16). Eight (8} of ten {10} subjects
had evidence of T cell persistence in blood concurrent with skin rash. Skin biopsies were
performed on subjects, 515 and S22, both of which demonstrated co-localization of an EGFRt+
T cell infiltrate and CD171 positive cells at the dermal-epidermal junction, consistent with on-
target, off-tumor effects of the CAR T celis. Hyponatremia developed in two (2) subjects on
arm B dose level 3 (subject S15), and arm A dose level S (subject S16), both with concurrent
T cell persistence.

[8122] T cells were not detected in the blood of subjects receiving arm A or B at
dose level 1, except for subject S06 who had detectable CAR T cells in bone marrow at Day
84, Notably, subject 827 on arm C dose level 1 had detectable CAR T cells through day 28. In
contrast, T cell persistence at Day 7 has been observed in the 11/14 subjects receiving dose
levels 2 or above, and in 7/8 subjects treated at dose levels 3 and above. Best overall response
for the eighteen (18) subjects evaluable for response was a partial response n one {1) subject
(827 on atm C dose level 1. One patient (806 — arm B dose level 1) who developed
progressive disease, has had prolonged stable disease for 3+ years since CAR T cell infusion
without any subsequent therapy. Pseudo-progression, defined as increase in size of a known
metastatic lesion followed by regression of that lesion, was seen in 7/19 subjects, all of whom
had T cell persistence documented at a muminmum of Day 7. Biopsy of skull metastatic lesion
performed in subject S15 on day 13 revealed CD3+ mfikiration with approximately 30% -+ for
EGEFR{ consistent with CAR T cell infiliration,

[8123] Toxicity and pseudo-progression appeared to be associated with T cell
persistence, with some soggestion of dose and arm association.  Two subjects have been
reinfused with CAR T cells, one on arm B dose level 2 (820} and arm C dose level 1 {827).
520 had stable disease for ~210 days after a first infusion, and due to asympiomatic progressive
disease, a second infusion of stored CAR T cells was performed. Infusion #2 was well-
tolerated, without any adverse events attributable to CAR T cells. The patient experienced
asymptomatic progressive disease on Day +42 and returned to his referning nstitution. Subject
827 had a partial response to a first CAR T cell infusion at Day 42, as evidenced by regression

of one of the subject’s known metastatic lesions on MIBG. Based on these findings, the subject
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received a second CAR T cell infusion, which was well-tolerated and developed progressive
disease 128 days after this second nfusion.

[0124] Surprisingly, subject 827 treated with just a low dose {dose level 1} of CAR
T cells comprising long spacer second generation CARs (arm ) demonstrated CAR T cell
persistence through at least day 28 In contrast, subjects treated with higher doses {dose level
2 and greater} of CAR T cells comprising short spacer second or third generation CARs {arms
A and B) generally demonstrated CAR T cell persistence just at day 7. Best overall response
for the eighteen (18) subjects evaluable for response was a partial response in one {1} subject
(S27) on arm C dose level 1.

[0125] The term “comprising” as used herein is synonymous with “including,”

>

“containing,” or “characterized by,” and is inclusive or open-ended and does not exclude
additional, unrecited elements or method steps.

[0126] The above description discloses several methods and materials of the
present invention. This invention is susceptible to modifications in the methods and materials,
as well ag alterations in the fabrication methods and equipment.  Such modifications will
become apparent to those skilled in the art from a consideration of this disclosure or practice
of the invention disclosed heremn. Consequently, it 13 not intended that this invention be himited
o the specific embodiments disclosed herein, but that it cover all modifications and
alternatives coming within the true scope and spirit of the mvention.

(61271 Al references cited herein, mcluding but not himuted to published and
unpublished applications, patents, and hterature references, are incorporated herein by
reference in their entirety and are hereby made a part of this specification. To the extent
publications and patenis or patent applications incorporated by reference contradict the
disclosure contamed in the specification, the specification s intended to supersede and/or take

precedence over any such contradictory material.
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