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ANTE-DINITROPHENGL CHIMERIC ANTIGEN RECEPTORS

CROSS-REFERENCE TO RELATED APPLICATIONS
{0081 This application claims priority to US. 62/969,931 filed Febroary 4, 20620
entitfed “ANTL-DINITROPHENQCL CHIMERIC ANTIGEN RECEPTORS” which s

mcorporated by reference in iis entivety.

REFERENCE TO SEQUENCE LISTING
60021 The present application is being filed along with a Sequence Listing in
electronic format. The Sequence Listing is provided as a file entitled SCRIZOSWOSEQLIST,
created February 2, 2021, which 1s approximately 43 Kb in size. The information in the

electronic format of the Sequence Listing is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION
{00031 Embodiments provided herein include methods and compositions
comprising anti-dinitrophenol chimeric antigen receptors {CARs). Some embodiments include
nucleic acids encoding such CARs, polypeptides encoded by such nucleic acids, cells
comprising such polypeptides, and methods utilizing such cells. Some embodiments also

nclude the use of dinttrophenol {DNP) and derivatives thereof.

BACKGROUND OF THE INVENTION

[0004] Immunotherapy using adoptive cell transfer of chimeric antigen receptor
{CAR) bearing T-cells 1s an effective approach to treat cancer. The structure of a CAR mncludes
an antigen binding domain, a spacer domain, a transmembrane domain, and one or more co-
stinulatory activation domains. CAR T cells may be prepared from T cells obtained from a
patient or from a donor. In some mstances, CARs function by binding to a specific antigen on
a cell surface, which causes lysis of the antigen-bearmg cell. Although considerable research
has focused on the design of CAR higand binding domains, which target desired cell surface
antigens with reduced toxicity, there remains a need for additional CAR T cell-mediated

therapies.
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SUMMARY OF THE INVENTION

{08005] Some embodiments of the methods and compositions provided herein
include a nucleic acid encoding a chimeric antigen receptor {CAR), wherein the CAR
comprises: a ligand binding domain which specifically binds to a dinitrophenol (DNFP) moiety;
a spacer; a transmembrane domain; and an intracellular signaling domaim.

{0006] In some embodiments, the ligand binding domain comprises an amine acid
sequence having at least 90% identity to the amino acid sequence set forth 1 any one of SEQ
1D N(Os:01-12. In some embodiuments, the ligand binding domain comprises the amino acid
sequence set forth 1 any one of SEQ ID NOs:01-12.

[8007] In some embodiments, the ligand binding domain comprises an amine acid
sequence having at least 90% identity to the amino acid sequence set forth in SEQ 1D NQOs: 01,
02, 09, or 10. In some embodiments, the ligand binding domain comprises the amino acid
sequences set forth in SEQ 1D NGs:01, 02, 09, or 10.

[6008] In some embodiments, the spacer is selected from the group consisting of:
a short spacer having a length of 12 consecutive amaino acid residues or less but, preferably not
I amino acid in length, a medium spacer having a length of 119 consecutive ammno acid
residues or less but, preferably not 1 anmuno acid in length, and a long spacer having a length
greater than 119 consecutive amino acid resudues.

[6009] In some embodiments, the spacer 1s selected from the group consisting of’
a short spacer comprising an 1g0G4 hinge domain, 2 medium spacer comprising an Ig(34 hinge-
CH3 domain, and a long spacer comprising an {gG4 hinge ~-CH2-CH3 domain.

[6010] In some embodiments, the spacer 15 a long spacer having a length of at least
229 consecutive amino acid residues.

{601 1] In some embodiments, the transmembrane domain comprises a (D28
transmembrane domain.

{0012} In some embodiments, the intracelhular signaling domain comprises a
portion of CD3 zeta and/or a portion of 4-1B8.

[0013] Some embodiments also include a polynucleotide encoding a selectable
gene, a cell surface selectable marker, or a cleavable linker. In some embodiments, the
selectable gene comprises a dihydrofolate reductase double mutant (DHFRdm). In some

embodiments, the cell surface selectable marker is selected from the group consisting of a
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truncated EGFR (EGFRY), a truncated Her2 (Her2i(), and a truncated CD19 (CD19t). In some
embodiments, the cleavable linker comprises a ribosome skip sequence is selected from the
group consisting of P2ZA, T2A,) E2A and F2A

{0014} Some embodiments of the methods and compositions provided herein
inciude a vector comprising any one of the nucleic acids provided herein. In some
embodiments, the vector comprises a lentiviral vector.

[06015] Some embodiments of the methods and compositions provided herein
include a method for preparing a population of cells for an infusion, comprising: introducing
the nucleic acid of any one of the nucleic acids provided herein encoding an anti-DNP CAR
mto a cell; and culturing the cell under conditions suitable to obtain a population of cells
sufficient for an infusion.

8016} Some embodiments of the methods and compositions provided herein
mclude a CAR encoded by any one of the nucleic acids provided herein.

(0017} Some embodiments of the methods and composttions provided herein
mneiude a cell comprising any one of the CARs provided herein.

[0018] In some embodiments, the cell 5 derived from a CD4+ T cell, a CDE+ T
cell, a precursor T cell, or a hematopoietic stem cell. In some embodiments, the CD8+ T cell
18 a CD&+ cytotoxie T lymphoceyte cell selected from the group consisting of a naive CD8+ T
cell, a central raemory CD8+ T cell, an effector memory CD8&+ T cell, and a bulk CD8+ T cell.
In some embodiments, the central memory CD&+ T cell is positive for CD45RO and CD62ZL.
In some embodiments, the CD4+ cell 15 a CD4+ helper T tymphocyte cell selected from the
group consisting of a naive CD4+ T cell, a central memory CD4+ T cell, an effector memory
CD4+ T cell, and a bolk CD4+ T cell. In some embodiments, the naive CB4+ T cell is positive
for CD4SRA and CD62ZL, and negative for CD45R0O.

[0019] In some embodiments, the cell 1s ex vivo. In some embodiments, the cell 1s
i vivo,

{0020] In some embodiments, the cell 15 mammalian. In some embodiments, the
cell 1s human.

{8021} Some embodiments of the methods and compositions provided herein
meclude a composition comprising: any one of the CARs provided herein; and a DNP motety

attached to a target cell, wherein the CAR is specifically bound to the DNP moiety.
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[0022] In some embodiments, the DNP moiety is attached to the target cell via an
antibody or antigen binding fragment thereof that binds to the target cell.

{6023} In some embodiments, the DNP moiety 15 attached to the target cell via a
folate moiety.

{6024} In some embodiments, the DNP moiety is attached to a celf surface of the
target cell via a lipid integrated into the cell surface. In some embodiments, the lipid comprises
a polar head group and a hydrophobic group. In some embodiments, the polar head comprises
a group selected from choline, phosphatidyicholine, phosphocholine, sphingomvelin,
aphosphoethanolamine, a sugar residue, phosphatidyl serine, phosphatidyl mositol, a
piperidine, or a trimethylarseno-ethyl-phosphate. In some embodiments, the hyvdrophobic
group comprises an aliphatic chain or a terpencid moiety. In some embodiments, the
hydrophobic group comprises an ether linkage, wherein the ether linkage 1s between the polar
head group and the aliphatic chain. In some embodiments, the aliphatic chain comprises a Cre.
20 alkyl chain. 1n some embodiments, the lipid is a phospholipid ether (PLE).

[0025] In some emnbodiments, the target cell ts a cancer cell. Tn some embodiments,
the cancer cell 15 selected from the group consisting of a breast cancer cell, brain cancer cell,
colon cancer cell, renal cancer cell, pancreatic cancer cell, and ovarian cancer cell.

{8026} In some embodiments, the target cell 8 ex vivo. In some embodiments, the
target cell 1s 7m vivo,

(6027} In some embodiments, the target cell is mammalian. In some embodiments,
the target cell is human.

{6028} Some embodiments of the methods and compositions provided herein
melude a method of treating or ameliorating a cancer in a subject comprising: administering
any one of anti-DNP CAR T cells provided herein to the subject in combination with a
composition comprising a DNP motety.

{3029} In some embodiments, the cell 15 administered prior to admumistration of the
composition. In some embodiments, the cell 1s administered subsequent to adminisiration of
the composition. In some embodiments, the cell is co-administered with the composition.

{0030] In some embodiments, the composition s adapted to target the cancer.

[0031] In some embodiments, the DNP moiety is attached to an antibody of antigen

binding fragment thereof which specifically binds to the cancer.



WO 2021/158523 PCT/US2021/016177

{60321 In some embodiments, the DNP muoiety s attached to a folate.

{08033} In some embodiments, the DNP motety 15 attached to a lipid. In some
embodiments, the lipid comprises a polar head group and a hydrophobic group. In some
embodiments, the polar head comprises a group selected from choline, phosphatidylcholine,
phosphocholing, sphingomyelin, aphosphoethanolamine, a sugar residue, phosphatidyl serine,
phosphatidyl inositel, a pipendine, or a irimethylarsenc-ethyl-phosphate. In some
embodiments, the hydrophobic group comprises an aliphatic chain or a terpenoid motety. In
some embodiments, the hydrophobic group comprises an ether linkage, wherein the ether
linkage 15 between the polar head group and the aliphatic chain. In some embodiments, the
aliphatic chain comprises a Cio-0 alkyl chain. In some embodiments, the lipid 15 a PLE.

(60341 In some embodiments, the cancer comprises a target cell selected from the
group consisting of a breast cancer cell, brain cancer cell, colon cancer cell, renal cancer cell,
pancreatic cancer cell, and ovarian cancer cell.

[0035] In some embodiments, the cell is autologous to the subject.

[8036] In some embodiments, the subject is maromalian. In some embodiments,
the subject s human,

[6037] Some embodiments of the methods and compositions provided herein
melude use of any one of anti-DNP CAR T cells provided herein i combination with a
composition comprising a DNP motety to treat a cancer in a subject.

{6038} Some embodiments of the methods and compositions provided herein
inciude use of any one of anti-DNP CAR T cells provided herein in combination with a
composition comprising a DNP motety in the manufacture of a medicament 4 to treat a cancer
n a subject.

{80391 Some embodiments of the methods and compositions provided herein

inciude any one of anti-DNP CAR T cells provided herein for use in a medicament.

BRIEF DESCRIPTION OF THE DRAWINGS
{60401 FIG. 1 depicts an embodiment of a DNP phospholipid ether (DNP-PLE)
which includes: (1) a DNP moiety; (i1} a polyethylene glycol (PEG) moiety; (11) a polar head

motety; and (iv} a hydrophobic tail motety.
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{60411 FIG. 2A depicts flow cytometry data for control MDA-MB-231 cells and
control MEA-MB-231 cells incubated with an anti-DNP-Alexa Fluor 488 antibody.

{6042} FIG. 2B depicts flow cytometry data for control MDA-MB-231 cells,
control MDA-MB-231 cells incubated with an anti-DNP-Alexa Fluor 488 antibody, and MDA-
MB-231 cells labelled with § uM DNP-PLE and stained with the anti-DNP-Alexa Fluor 488
antibody.

[6043] FIG, 20 depicts flow cytometry data for control MDA-MB-231 cells,
control M A-MB-231 cells incubated with an anti-DNP-Alexa Floor 488 antibody, and MDA-
MB-231 cells labelled with 500 nM DNP-PLE and stained with the anti-DNP-Alexa Fluor 488
antibody.

{00441 FIG. 2D depicts flow cytometry data for control MDA-MB-231 cells,
control MEBIA-MB-231 cells incubated with an anti-DNP-Alexa Fluor 488 antibody, and MDA-
MB-231 cells labelled with 50 nM DNP-PLE and stained with the anti-DNP-Alexa Fluor 488
antibody.

[0045] FIG. 2F depicts a histogram plot for the flow cytometry data shown in FIG.
2A-FIG. 2D

{8046} FIG. 3A depicts confocal images of control MDA-MB-231 cells incubated
with anti-DNP-Alexa Fluor 488 antibody.

(6047} FIG. 3B depicts confocal images of MDA-MB-231 cells incubated with 3
uM DNP-PLE.

[0048] FIG. 3C depicts confocal images of MBA-MB-231 cells incubated with 5
uM DNP-PLE and stained with anti-DNP-Alexa Fluor 48% antibody.

[0049] FIG. 3D depicts confocal images of MDA-MB-231 cells incubated with 1
uM DNP-PLE and stained with anti-DNP-Alexa Fluor 488 antibody.

[8050] FIG. 4 depicts a schematic of a second generation long CAR cassette for an
anti-DNFP CAR.

{0051} FIG. SA depicts counfocal images of control MDA-MB-231 cells co-cultured
with anti-DNP CAR HO cells.

[0052] FIG. 5B depicts confocal images MIDA-MB-231 cells stained with 5uM
DNP-PLE and co-cultured with anti-DNP CAR HO cells.
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DETAILED DESCRIPTION

{0053] Embodiments provided herein include methods and compositions
comprising anti-dinitrophenc chimeric antigen receptors {CARs). Some embodiments include
nucleic acids encoding such CARs, polypeptides encoded by such nucleic acids, cells
comprising such polypeptides, and methods utihzing such cells. Some embodiments also
mclude the use of dimitrophenol (DNP) and derivatives thereof.

[6054] While the adoptive transfer of transgene modified T cells has been
successful in select settings, such as CD19 B cell lineage malignancies, these therapies have
proved difficult to genericize to other cancer types because of the lack of a single target antigen
that 1s present on all forms of cancer but not normal, healthy cells. The development of CAR
T cell therapies, which treat the multitude of cancers afflicting humans, has been hampered by
the onerous task of identifying and vetting tens of hundreds of antigens presented on cancer
cells, e.g., CAR targets. In some embodiments described herein, this problem is addressed by
using a DINP phospholipid ether (DNP-PLE), which associates with tumor cells and displays a
unigue target molecule for T cells bearing DNP-specitic CARS to interact with and therehy
lvse the DNP-presenting tumor cells. By this approach, one can ehminate the need to identity
and validate tens of hundreds of unique antigen specific CARs.

[00585] Some embodiments provided herein include CARs comprising a specificity
or a selected affunty or avidity for a DNP moiety. In some embodinents a DNP moiety is
jomed to a molecule, which can be associated with or bound to the surface of a tumor cell In
some embodiments, the molecule is a PLE. In some embodiments, the molecule can melude
an antibody or antigen-binding fragment thereof which specifically binds to a cell. In some
embodiments, methods of redirected anti-tumor T cell reactivity can then be performed using
said DNP-PLE, or other DNP-molecule, and T cells having said CARS. In some embodiments,
the DNP-PLE is a synthetic molecule having a structure designed to mtegrate mto the plasma
membrane of tumor cells in a manner that allows for the molecule’s DNP moiety to be adjacent
to the outer leatlet of the plasma membrane and displayed in the extracellular space i an
orientation or proximity that aliows for a desired interaction witha T cell bearing a CAR having
a desired affmity, specificity, or avidity for the DNP moiety. Similarly, in some embodiments,
the CARs described herein have a unique structure designed to allow the anti-DNP ligand

binding domamn of the receptor to be displayed on the T cell plasma membrane in an origniation
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or proximity that allows for a desired interaction or avidity with the DNP-PLE-bearing tumor
cells. Thus, in some embodiments, the DNP-PLE molecule and CARSs described herein imbue
therapeutically important atiributes and the use of such DNP-PLE molecules with or without
the anti-DNP specific CARSs as a medicament are contemplated. Stated differently, any one or
more of the CARs and the DNP-PLE molecules described herein are useful for the treatment
or amelioration of a human disease or condition, such as a cancer.

[6056] Additional embodiments relate to CARs that target and interact with a BNP
motety joined to a PLE molecule, which can be counstitutively expressed, or placed under
regulated control in a cell, preferably a T cell, nucleic acids encoding said CARS, cells having
said nucleic acids and CARS, preferably T cells, and methods of making and using these
composiiions to treat a disease such as cancer in humans. Some embodiments of the methods
and compositions provided herein include aspects disclosed in WO 2018/148224; WO
2019/156795, WO 2019/144095; U8, 20619/0224237; and PCT/US2019/044981, which are

each hereby expressly incorporated herein by reference n its entirety.

Defimtions

[6057] As used herein, “nucleic acid” or “nucleic acid molecule” refers to
polvoucleotides, such as deoxyribonucieic acid (DNA) or nbooucleic acid (RNA),
oligonucleotides, fragments generated by the polymerase chamn reaction (PCR), or fragments
generated by any of higation, scission, endonuclease action, or exonuclease action. Nucleic acid
molecules can be composed of monomers that are natorally-cccurring nucleotides {(such as
DNA or RNA}), or analogs of naturallv-occurring 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 pyrinmdine or purine base moieties. Sugar modifications
mclude, for example, replacement of one or more hydroxyl groups with halogens, atkyl groups,
amines, and axido groups, or sugars can be functionalized as ethers or esters. Moreover, the
entire sugar moiety can be replaced with sterically and electronically similar structures, such
as aza-sugars or carbocyelic sugar analogs. Examples of modifications in a base moiety include
atkyiated purines and pynmidines, acylated purines or pynmidines, or other well-known
heterocyclic substitutes. Nuclete acid monomers can be linked by phosphodiester bonds or

analogs of such linkages. Analogs of phosphodiester linkages include phosphorothicate,
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phosphorodithicate, phosphoroselencate, phosphorodiselencate,  phosphorcaniothioate,
phosphoranilidate, or phosphoramidate, and the hike. The term “nucleic acid molecule” also
inciudes “peptide nucleic acids,” which comprise naturally-occurring or modified mucleic acid
bases attached to a polyamide backbone. Nucleic acids can be either single stranded or double
siranded. "Coding for" is used herein to refer to the property of specific sequences of
nucleotides n a polynucleotide, such as a gene, a CDNA| or an mRNA, to serve as templates
for synthesis of other macromolecules such as a defined sequence of aming acids. Thus, a gene
codes for a protein if transcription and translation of mRNA corresponding to that gene
produces the protein 1n a cell or other bioclogical system. A "nucleic acid sequence coding for
a polypeptide” includes all nucleotide sequences that are degenerate versions of each other and
that code for the same amino acid sequence. “Specific” or “Specificity” can refer to the
characteristic of a ligand for a binding partner or alternatively, a binding partner for a ligand,
and can mclude complementary shape, charge or hydrophobic specificity for binding.
Spectficity for binding can include stereospecificity, regioselectivity and/or chemoselectivity.
In some embodiments, a method of making a nucleic acid encoding a chimenic antigen receptor
is provided such that a nucleic acid encoding a chimeric antigen receptor 1s generated that is
specific for a DNP moiety joined to or associated with a PLE wolecule, which can be
associated or joined to a tumor cell.

[6058] A “vector” or “construct” is a nucleic acid used to introduce heterologous
nucleic acids into a cell that can also have regulatory elements to provide expression of the
heterologous nucleic acids m the cell Vectors mchide but are not himited to plasmid,
minicircles, yeast, or viral genomes. In some embodiments, the vectors are plasmid,
minicircles, viral vectors, BNA or mRNA. In some embodimenis, the vector 13 a lentiviral
vector or a retroviral vector. In some embodiments, the vector is a lentiviral vector.

[B059] “Chimeric receptor” as used herein refers to a synthetically designed
receptor comprising a higand binding domain of an antibody or other protemn sequence that
binds to a target molecule and 15 linked via a spacer domain to one or more intracellular
signaling domains of a T cell or other receptors, such as a costimulatory domain. Chimeric
receptors can also be referred to as artificial T cell receptors, chimeric T cell receptors,
chimeric immunoreceptors, or chimeric antigen receptors {CARs}. These receptors can be used

to graft the specificity of a monoclonal antibody or binding fragment thereof or other higand
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binding domain onto a T-cell, wherein transfer of the required coding sequences is facilitated
by viral vectors, such as a retroviral vector or a lentiviral vector. CARs are e.g | genetically
engineered T-cell receptors designed to redirect T-cells to target cells that express or display
the specific cell-surface antigen to which the CAR s directed. T-cells can be removed froma
subject and modified so that they express receptors that are specific for a desired antigen by a
process called “adoptive cell transfer.” The T-cells are then reintroduced into the patient,
wherein they recognize, target and bind to molecules displaying the antigen presented on cells.
These CARs are engineered receptors that graft a selected specificity onto an immune recepior
ceil. The term chimeric antigen receptors or “CARSs” is also considered by some investigators
to include the antibody or antibody fragment, the spacer, signaling domain{s), and
transmembrane region. Due to the surprising effects of modifying the different components or
domains 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
n terms of independent elements.

{0060} A “single-chain variable fragroent,” (scFv) 18 a fusion protein that can have
variable regions of the heavy (VH) and hight chains (VL) of immunoglobulins, connected with
a short hnker peptide of ten to 25 amine acids. The short linker peptide can comprise 16, 11,
12, 13, 14, 15, 15,17, 18, 19, 20, 21, 22, 23, 24, or 25 amno acids or any number of amino
acids within a range defined by any two aforementioned values. The linker 1s usually rich in
glycine for flexibility, as well as, serine or threomne for solubility, and can either connect the
N-terminus of the VH with the C-terminus of the VL, or vice versa. This protein retains the
specificity of the onginal immunoglobulin, despite removal of the constant regions and the
mtroduction of the hinker. The scFv can be specific for an antigen. “Antigen” or “Ag” as used
herein, refers 1o a wolecule that provokes an mmune response. This immune response can
mvolve either antibody production, or the activation of specific immunologically-competent
ceils, or both. An antigen can be generated, synthesized, produced recombinantly or can be
derived from a bislogical sample. Such a biclogical sample can include, but is not imited to a
tissue sample, a tumor sample, a cell or a biological thud such, for example, blood, plasma or
ascites fluid. In some embodiments herein, a composition is provided, wherein the composition

comprises cells , preferably T cells, mamufactured by any one of the alternative methods herein.

-10-
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In some embodiments, the cells, preferably T cells, comprise a chimeric antigen receptor,
wherein the chimeric antigen receptor comprises a schv that is specific for a DNP moiety
joined fo or associated with a PLE molecule, which can be associated or joined to a tumor cell.

{0061} “Antigen specific binding domains” can include protein or protein domains
that specifically bind to an epitope on a protein at a low or high binding affinuty (fM to mM
binding capacity). In some embodiments, the fusion protein comprises a protein or portion
thereof that modulate an immune response. In some embodiments, the protein comprises an
antigen specific binding domain

{60621 Several types of “spacers” are described herein. With regard to CARs, a
spacer for a CAR refers to a polypeptide spacer, which spacer length is configured to or is
selected for its ability to promote an increase in binding or interaction with a chimeric antigen
receptor or to reduce or minimizes an adverse side effect associated with CAR T cell therapy.
In some emnbodiments, a short spacer domain of a CAR has 12 or about 12 amino acids or less
but greater than 1 amino acid and comprises all or a portion of a 1gG4 hinge region sequence
or variant thereof. In sorne embodiments, an intermediate (medium) spacer domam of a CAR
has 119 or about 119 amine acids or less but greater than 1| amino acid and comprises all or a
portion of a IgGG4 hinge region sequence and a CH3 region or variant thereof In some
embodiments, a fong spacer domain of a CAR has 229 or about 229 amino acids or less but
greater than 1 amino acid and comprises all or a portion of a TgG4 hinge region sequence, a
CH2 region, and a CH3 region or vaniant thereof. In some embodiments, the spacer length or
sequence or both are selected based on a desired avidity or interaction with a DNP motety
jowned to or associated with 3 PLE molecule, which can be associated or joined to a tumor ceil.

{8063} A “transmembrane domain” is a region of a protein that 1s hydrophobic that
can reside n the biayer of a cell to anchor a protem that 15 embedded to the biological
membrane. Without being hmiting, the topology of the transmembrane doman can be a
transmembrane alpha helix. In some embodiments of the method of making genetically
modified T-cells, which have a chimeric antigen receptor, the vecior comprises a sequence
encoding a transmembrane domatin. In some embodiments of the method, 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 embodiments

-11-
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of the method, the CD28 transmembrane sequence or fragment thereof comprise 28 aming
acids in length. In some embodiments, the chimeric receptor comprises a transmembrane
domain. The transmembrane domain provides for anchoring of the chimeric receptor in the
membrane.

[8064] “Co-stimulatory domain,” or “intracellular signaling domain” has its plain
and ordinary meaning when read in hight of the specification, and may include but is not imited
to, for example, a signaling moiety that provides to T cells a signal which, m addition to the
primary signal provided by for instance the CD3 zeta chain of the TCR/CD3 complex, mediates
a T cell response, including, but not hmiued to, activation, proliferation, differentiation, or
cytokine secretion, and the like. A co-stimulatory domain can include all or a portion of, but is
not limited 1o, CD27, CD28, 4-1BB, OX40, CD30, CD40, ICOS, lymphocyte function-
associated antigen-1 {LFA-T), CD2, CD7, LIGHT, NKG2C, B7-H3, or a ligand that specifically
binds with CD83. In some embodiments, the co-stimulatory domain s an intracellular
signaling domain that mteracts with other intracellular mediators to mediate a cell response
neluding any one or more of activation, proliferation, differentiation or cytokine secretion.

[8065] A “marker sequence,” as described herein, encodes a protein that is used for
selecting or tracking a protein or cell that has a protein of interest. Tn the embodiments
described herein, the fusion protein provided can comprise a marker sequence that can be
selected in experiments, such as flow cytometry. In some embodiments, the marker s the
protem Her2tG, CD19¢, or EGFRL

[8066] A “ribosome skip sequence” as described herein refers to 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,
for example, have ribosome skip sequences that allow sequential translation of several proteins
on a single nucleic acid without having the proteins linked via a peptide bond. As described
herein, this 1s the “linker” sequence. In some embodiments of the nucletc acids provided heremn,
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 i1s a PZA,
T2A, E2A or F2A sequence. In some embodiments, the ribosome skip sequence 15 a T2A

sequence. In some embodiments, there are nbosome skip sequences between the two chimeric
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antigen receptors and a second ribosome skip sequence between one of the chimeric antigen
receptors and the marker.

{60671 As used herein, 2 4-Dinitrophenol (2,4-DNP or simply DNP) 15 an organic
compound with the formula HOCsH(NG2 )2, and has its plain and ordinary meaning when read
in hight of the specification. DNP is used as an antiseptic, non-selective bicaccumulating
pesticide, herbicide, among others. 1t is a chemical intermediate i the production of sulfur
dyes, wood preservatives, and picric acid. In some embodiments herein, DNP 1s a target motety
on a lipid that is recognized and bound by a chimeric antigen receptor. In some embodiments,
the hapten s DNP or derivatives thereof. In some embodiments, the lipid s a phospholipid,
such as a phospholipid ether (FLE).

{60681 “Liptd” as described herein, is a class of organic compounds that comprise
carbon chains, fatty acids or a fatty acid derivative that is typically insoluble in water but can
mtegrate into or mix with hydrophobic or organic solvents. Without being limiting, lipids can
mclude fats, waxes, fat soluble vitamins, monoglycerides, diglycerides, triglycerides,
sphingolipids, cerebrosides, ceranudes, or phospholipids. Described herein are amphiphilic
ipids that can have a polar head group and a hydrophobic moiety or hydrophobic group.
“Hydrophobic group” or hydrophobic moiety, as described herein, 1s a molecule or a part of a
molecule that 15 repelled from a mass of water and tends to be non-polar. This can include
alkanes, oils or fats. Without being hnuting, hipids can be glycerolipids, glveerophospholipids,
sphingolipids, sterol Hpids, prenol lipids, saccharolipids or polyketides. In the embodiments
herein a complex 13 provided, wherein the complex comprises a lipid. In some embodiuments,
the hpid comprises a polar head group and a hvdrophobic moiety. In some embodiments, the
hydrophobic motety i3 a8 hydrophobic carbon tail. In some embodiments the hydrophobic
carbon tail is saturated or unsaturated. In some embodiments, the hydrophobic carbon tail
comprises 10, 11,12, 13,14, 15, 16, 17, 18, 19, 20, 21, 22 23, 24 or 25 carbons or any mumber
of carbons i between a range set forth in any aforementioned value In some embodiments,
the hydrophobic moiety is a steroid or a cholesterol In some embodiments, the lipid comprises
a glycerolipid, glycerophospholipid, sphingolipid, sterel lipid, prenc! lipid, saccharolipid or
polyketide. In some embodiments, the hipid is a phospholipid ether. In some embodiments, the

lipid contains branched alkyl tails.

-13-



WO 2021/158523 PCT/US2021/016177

{6069 In some embodiments, the lipid is a sphingolipid. The sphingolipid can
contain a backbone of sphingoid bases, such as a set of aliphatic aming alcohols that includes
sphingosine. A sphingelipid with an R group consisting of a hydrogen atom only is a ceramide.
Other common R groups inchude phosphocholing, vielding a sphingomyvelin, or various sugar
monomers or dimers, vielding cerebrosides and globosides, respectively. Cerebrosides and
globosides are collectively known as glycosphingolipids. In some embodiments, the lipidis a
glvcosphingolipid.

[6070] As provided herein, the lipid comprises a polar head group and a
hydrophobic group. In some embodiments, the hydrophobic group comprises a fatty acid such
as an aliphatic chain. The fatty acid can be saturated or unsaturated. In some embodiments, the
hydrophobic group comprises an alkyl, alkenyl or alkkyny! group. In some embodiments, the
hydrophobic group comprises a terpenotd lipid, such as a stercid or cholesterol In some
embodiments, the hydrophobic group comprises an ether linkage, wherein the ether linkage 1s
between the polar head group and the aliphatic chain. In some embodiments, the lipid is a
phospholipid  ether. Tn some embodiments, the polar head comprises a choline, a
phosphatidylcholine, sphingomyehin, phosphoethanolamine group, an oligosaccharide residue,
a sugar residue, phosphatidyl serine or phosphatidy! inositol. To some embodiments, the sugar
1s a glycerol or sugar alcohol.

[8671] In some emboduments, the lipid 18 a single chain alkviphospholipid.

(08072} In some embodiments, the hipid comprises a structure of synthetic
alkyiphospholipids, such as edelfosine, perifosine or erucylphosphocholine. In some
embodiments, the hpid is a lysophosphatidylcholine, edlfosine, erucyiphosphochohine, D-
21805 or perfisone. Such lipids are descrnibed for example, in van der Lot er o (A new class
of anticancer alkyiphospholipids uses lipid rafts as membrane gateways to induce apoptosis
Iymphoma cells” Mol Cancer Ther 2007, 6{8), 2007; hereby expressly incorporated by
reference 1n 1ts entirety ). In some embodiments of the hipids described herein, a choline within
the polar head group can be substituted with a piperidine motety. In some embodiments, the
lipid 15 an anticancer alkylphospholipid. Anticancer phospholipids are described by vander Lui
et al. (A new class of anticancer alkyiphospholipids uses lipid rafts as membrane gateways to
induce apoptosis in lymphoma cells” Mol Cancer Ther 2007, 6(8), 2007, hereby expressly

incorporated by reference in its entirety).
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{60731 In some embodiments, the lipids provided herein are synthetic and
structurally related anti-tumor agents that interact with a cell membrane. These types of
synthetic lipids are alkylphospholipids and are described by eg., van Blitterswik ef &l
{“Anticancer mechanisms and chinical application of alkylphopholipids” Biochimica et
Biophysica Acta 1831 (2013)663-074; hereby incorporated by reference in its entirety herein).
Without being limiting, the synthetic allviphospholipids can include edelfosine, miltefosine,
perifosine, erucylphosphocholine or Erufosine. In some embodiments, the lipid 15 edelfosine,
miltefosine, perifosine, erucylphosphocholine or Erufosine. In some embodiments, the lipid is
a stable analog of lysophosphatidylcholine. In some embodiments, the lipid is a thio-ether
variant of edelfosine, or 1-hexadecylthio- 2-methoxymethyl-rac-glycero-3-phosphocholine. In
some alterantives, the lipid 15 LysoPC, edelfosine, Ilmofosine, Miltefosine, Perifosine,
Erucylphophocholine, or Erufosine.

[0074] “Polar-head group” as described herein, is the hydrophilic group of a lipid,
such as a phospholipid. “Phospholipids™ as described herein are a specific class of lipids that
can form lipid bilayers due to their ampluphilic characteristic. The phospholipid molecule
comprises at least one hydrophobic fatty acid “tail” and a hydrophilic “head” or “polar-head
group.” In the alternative herein, the phospholipid or phospholipid ether comprises a polar-
head group. In some embodiments, the polar-head group comprises phosphocholine, a
piperidine moiety or a trimethylarseno-ethyl-phosphate motety. In some embodiments, the
hipid comprises a target moiety, preferably DNP, and the CAR is jomed to or is configured 1o
join to said lipid through an interaction with said target motety. In some embodiments, the lipid
comprises a polar-head group (e.g., comprising an aromatic ring} and a carbon alkyl chain. In
some embodiments herein, a complex 1s provided, wherein the complex comprises one or more
of said lipids. In some embodiments, the lipid comprises a polar head group. In some
embodiments, the lipid 13 a phospholipid ether. In some embodiments, the phospholipid ether
comprises a target moiety, preferably DNP, and the CAR 15 joined to or 1s configured to join
to said phospholipid ether through an interaction and/or binding with said target moiety. In
some embodiments, the phospholipid ether comprises a polar-head group and a carbon alkyl
chain In some embodiments, the polar head group comprises a choline, a phosphatidylcholine,
sphingomyelin, phosphoethanclamine group, an oligosaccharide residue, a sugar residue,

phosphatidyl serine or phosphatidvl inositol In some embodiments, the polar head group
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comprises phosphocholine, a piperidine moiety or a trimethylarseno-ethyl-phosphate motety.
In some embodiments, the lipid 15 a phospholipid ether (PLE). In some embodiments, the sugar
is a glycerol or sugar alcohol In some embodiments, the polar head group comprises a sugar
group. In some embodiments, the lipid comprises a mannose-containing head group. In some
embodiments, the polar head group comprises sphingosine. In some embodimenis, the polar
head group comprises a glucose. In some embodiments, the polar head group comprises a di-,
tri- or tetra-saccharide. In some embodiments, the lipid is a glucosylcerebroside. In some
embodiments, the lipid is a lactosylceramide. In some embodiments, the hipid is a glycolipid.
In some embodiments, the glycolipid comprises sugar units, such as n-glucose, n-galactose or
N-actyl-n-glactosamine. In some embodiments, the lipid comprises a hyvdrocarbon ring such
as a sterol.

[8075] In some embodiments, the polar head group of the lipid comprises glycerol
or a sugar alcohol In some embodiments, the polar head group of the lipid comprises a
phosphate group. In some embodiments, the polar head group of the hipid comprises choline.
In some embodiments, the lipid 5 a phosphatidylethanolomine. In some embodiments, the
hipid 13 a phosphatidylmositol. To some embodiments, the lipid comprises a sphingoid base
backbone. In some embodiments, the lipid comprises a sterol lipid, such as cholesterol or is
dertvatives. In some embodiments, the lipid comprises saccharchipids. In some embodiments,
the polar head group comprises choline, phosphate or glycerol.

{8076} In some embodiments, the lipid is a glycolipid. In some embodiments, the
lipid comprises a sugar. In some embodiments, the lipid is derived from sphingosine. In some

embodiments, the lipid 15 a glycerol-glvcolipid or a sphingo-glycolipid.

(8077} In somwe embodiments, the lipid 15 an ether lipid with branched hydrophobic
chains.
[6078] “Terpenoid” as described herein, 18 a molecule that 15 denived from five

carbon isoprene units. Sterords and sterols can be produced from terpenoid precursors. For
example, steroids and cholesters! can be biosynthesized by terpenoid precursors.

{60791 “Phospholipid ether” (PLE) as described herein 1s a lipid in which one or
more of the carbon atoms on a polar head group are bonded to an alkyl chain via an ether
linkage, as opposed to the more common ester linkage. In some embodiments, the polar head

group is a glycerol.
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{60801 Several types of “spacers” are described herein and with regards to lipids, a
lipid can comprise a spacer e.g., bound to the polar-head group of the lipid, which separates
the target moiety, preferably DNP, from the lipid and a cell that is joined to or associates with
said lipid so as to achieve a desired orientation or degree of freedom from steric hindrance.
The spacer of the lipid can comprise a PEG spacer, a Hapten spacer, a small peptide or an
alkane chain. In some embodiments, the hapten spacer comprises two haptens (hapten (2X}
spacer). In some embodiments, the lipid comprises a hydrophobic group, such as an alkane
chain. In some embodiments, the alkane chain can comprise 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, or 18 carbons, or any number of carbons between a range defined by any
two aforementioned values. In some embodiments, the PEG spacer comprises 1, 2, 3, 4, S, 6,
7,8,9, 10, 11, 12, 13, 14, 15 or 16 PEG molecules, or any amount of PEG molecules that is
within a range defined by any two aforementioned values. Preferably, the length and type of
spacer is selected to display the target moiety, preferably DNP, in an orientation or proximity
that allows for a desired affinity or avidity to an anti-DNP CAR displayed on a cell, suchas a
T cell.

[0081] T-cells” or “T lyrophocytes” as used herein, can be from any mammalian
species, preferably primate, inchuding monkeys, dogs, and humans. In some ernbodiments, the
T-cells are allogeneiwc (from the same species but different donor) as the recipient subject; in
some embodiments the T-cells are autologous {(the donor and the recipient are the same);
identical twins}.

[6082] In some embodiments, the T cells are preferably “memory” T cells (Tu
cells) that are antigen-experienced. In some embodiments, the cell 1s a precursor T cell. In
some embodiments, the precursor T cell 15 a hematopoietic stem cell. In some embodiments,
the cell 15 a CD8+ T cytotoxic lymphocyte cell selected from the group consisting of naive
CD&+ T cells, central memory CD8+ T cells, effector memory CD8+ T cells and bulk CD&+
T cells. In some embodiments, the cell 15 a CD4+ T helper lymphocyte cell that 15 selected
from the group consisting of naive CD4+ T cells, central memory CD4+ T cells, effector
memory CD4+ T cells, and butk CD4+ T cells.

[0083] “Cytotoxic T lymphocyte” (CTL), as used herein, refers to a T lymphocyie

that expresses CDS on the surface thereof {e.g., a CD8 T-cell). In some embodiments, such
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cells are preferably "memory" T-cells (Tu cells) that are antigen-experienced. In some
embodiments, a cell for fusion protein secretion s provided. In some embodiments, the cell is
a cytotoxic T lymphocyte. "Central memory® T-cell {or "Tom") as used herein, refers to an
antigen experienced CTL that expresses D621, CCR-7 and/or CD45RO on the surface
thereof, and does not express or has decreased expression of CDM5RA| as compared to naive
cells. In some embodiments, a cell for fusion protein secretion 1s provided. In some
embodiments, the cell is a central memory T-cell {Tom).

[G084] In some embodiments, the central memory cells are positive for expression
of CD62L, CCR7, CD28, (D127, CD4SRO, and/or CD9S, and may have decreased expression
of CDS4RA, as compared to naive cells. "Effector memory” T-cell {or "Ten') as used herein
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 a decreased expression of CD4SRA, as compared to naive cell In some embodiments, a
cell for fusion protein secretion is provided. In some embodiments, the cell 15 an effector
memory T-cell o some embodiments, effector memory cells are negative for expression of
CD62L and/or CCR7, as compared to naive cells or central memory cells, and may have
variable expression of CD28 and/or CD45RA.

{6085} “Naive T-celis” as used heremn, refers to a non-antigen experienced T
lymphocyte that expresses CDO2L and/or CD4SRA, and does not express CD43R0O-, as
compared to central or effector memory cells. In some embodiments, a cell for fusion protein
secretion is provided. In some embodiments, the cell 1s a naive T-cell. In some embodiments,
naive CD8+ T lymphocytes are characterized by the expression of phenotypic markers of naive
T-cells meluding CD62L, CCR7, CD28, CD127, and/or CD45RA.

[6086] “T-cells” or "T lymphocytes” as used herein can be from any mammalian,
preferably primate, species, incloding monkeys, dogs, and humans. In some embodiments the
T-cells are allogeneic (from the same species but different donor) as the reciptent subject; in
some embodiments the T-cells are autologous (the donor and the recipient are the same}); in
some embodiments the T-cells arc syngeneic (the donor and the recipients are different but are
identical twins}.

{60871 “T cell precursors™ as described herein refers to lymphoid precussor cells

that can migrate to the thymus and become T cell precursors, which do not express a T cell
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receptor. All T cells onginate from hematopoietic stem cells in the bone marrow.
Hematopotetic progenitors {(lymphoid progenitor cells) from hematopotetic stem cells populate
the thymus and expand by cell division to generate a large population of immature thymocytes.
The earliest thymocytes express neither CD4 nor CD8, and are therefore classed as double-
negative (CD47CE87) celis. As they progress through their development, they become double-
positive thymocytes (CD47CD8T), and finally mature to single-positive (CD47CDE or
CD47CD8") thymocytes that are then released from the thymus to peripheral tissues.

[GO8E] As described herein, “CDS T-cells” or “killer T-cells” are T- lymphocyies
that can kill cancer cells, cells that are infected with viruses or cells that are damages. CD8 T-
cells recognize specific antigens, or a protein that is capable of stimulating an timmune response
and is produced by cancer cells or viruses. It the T-cell receptor of the CD8 T- cell recognizes
the antigen, the D8 T-cell can bind to the presented antigen and destroy the cell.

{06089 “Central memory T-cell” (Tcm) as used herein refers to an antigen
experienced CTL that expresses CDO2L or CCR-7 and CD45RO on the surface thereof and
does not express or has decreased expression of CD4SRA as compared to naive celis. In some
embodiments, central memory celis are positive for expression of CD62E, CCR7, CD28,
CD127, CD4SRO, and/or CI95, and have decreased expression of CDS4RA as compared to
naive cells.  “Effector memory” T-cell {or “Tev”) as used herein refers o an antigen
experienced T-cell that does not express or has decreased expression of CDG2L on the surface
thereof as compared to central memory cells, and doss not express or has decreased expression
of CD45RA as compared to naive cell. In some embodiments, effector memory cells are
negative for expression of CDOZL and/or CCR7, as compared to naive cells or central memory
cells, and have vanable expression of CD28 and/or CD45RA. “Effector T-cells” {Tz cells) as
used herein, refers to antigen experienced cytotoxic T lymphocyte celis that do not express or
have decreased expression of CDOZL, CCR7, and/or CD28, and are positive for granzyme B
and/or perforin, as compared {0 central memory of naive T-cells. In some embodiments, a cell
for fusion protein secretion 1s provided. In some embodiments, the cell is an effector T-cell. In
some embodiments, the cell does not express or have decreased expression of CD62L, CCR7,
and/or CD28, and are positive for granzyme B and/or perforin, as compared to central memory

or naive T-cells.
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{60901 “Combination therapy” as described herein, refers to a therapy that uses
more than one medication or modality for a therapy Combination therapy, for example, can
also refer to multiple therapies for a single disease, and often all the therapies are
pharmaceutical product combinations. Combination therapy can also involve prescribing and
administering separate drugs in which the dosage can also have more than one active
mgredient. In some embodiments, a combination therapy 1s provided, wherein the combination
therapy comprises administering a genstically modified immune cell for modifying a tumor
microenvironment. In some embodiments, the combination therapy comprises administering a
genetically modified immune cell for modulating the suppression of the immune response in a
tumor microenvironment. In some embodiments, the combination therapy comprises
administering a genetically modified immune cell for minimizing the proliferation of tumor
and suppressive cells in a subject 1 need thereof e.g. a human In some embodiments, the
combination therapy comprises administering a genetically modified immune cell for
mcreasing the efficiency of an anti-cancer therapy, anti-infection therapy, antibacterial therapy,
anti-viral therapy, or anti-tumoral therapy in a subject in need thereof e.g., a human. In some
embodiments, the combination therapy further comprises admmistration of an inhibitor. In
some embodiments, the whibitor 15 not an enzymatic mhibitor. In some ermbodiments, the
mwhibitor 18 an enzymatic inhibitor. In some embodiments, the combination therapy comprises
adnumstering a therapeutic dose of an inhibitor or an antibody or a binding fragraent thereof,
These antibodies or binding fragments thereof can be humanized in sorne embodiments. In
some embodiments, the combination therapy can further comprise administering a CAR
bearing T-cell to a subject in need e.g., a human.

{8091} “Subject” or “patient,” as described herein, refers to any organism upon
which the embodiments described herein may be used or admmistered, e g., for experimental,
diagnostic, prophylactic, and/or therapeutic purposes. Subjects or patients inclode, for
example, animals. In some embodiments, the subject 15 mice, rats, rabbits, non-human
primates, or humans. In some embodiments, the subject is a cow, sheep, pig, horse, dog, cat,
primate or a human.

[0092] “Cancer,” as described herein, 1s a group of diseases mvolving abnormal
cell growth with the potential to invade or spread to other parts of the body. Subjects that can

be addressed using the methods described herein mclode subjects identified or selected as
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g, hiver, breast, renal, prostate, ovarian,

t=1]

having cancer, including but not limited to colon, lun
skin (including melanoma), bone, leukemia, multiple myeloma, or brain cancer, ete. Such
identification and/or selection can be made by climical or diagnostic evaluation. In some
embodiments, the fumor associated antigens or molecules are known, such as melanoma, breast
cancer, brain cancer, squamous cell carcinoma, colon cancer, leukemia, myeloma, or prostate
cancer. Examples include but are not limited to B cell lvmphoma, breast cancer, brain cancer,
prostate cancer, and/or levkemia. In some embodiments, one or more oncogenic polypeptides
are associated with kidney, uterine, colon, lung, liver, breast, renal, prostate, ovarian, skin
(including melanoma), bone, brain cancer, adenoccarcinoma, pancreatic cancer, chronic
myelogenous leukemia or leukemia

{60931 In some embodiments, a method of treating, ameliorating, or inhibiting one
or more of the aforementioned cancers in a subject is provided. In some embodiments, the
cancer is breast, ovarian, lung, pancreatic, prostate, melanoma, renal, pancreatic, glioblastoma,
neurcblastoma, medulloblastoma, sarcoma, liver, colon, skin (including melanoma}, bone or
brain cancer. In some embodiments, the subject that receives one of the therapies set forth
herein e.g., DNP-PLE and T cells having a CAR with a selective avidity for DNP as described
herein, 15 also selected to receive an additional cancer therapy, which can mnclude a cancer
therapeutic, radiation, chemotherapy, or a cancer therapy drug. In some embodiments, the
cancer therapy drug provided comprises Aburaterone, Alerntuzumab, Anastrozole, Aprepitant,
Arsenic  trioxide, Atezohzumab, Azacitidine, Bevacizamab, Bleomycin, Bortezomib,
Cabarzitaxel, Capecitabing, Carboplatin, Cetuximab, Chemotherapy drug combinations,
Cisplatin, Crizotinab, Cyclophosphamide, Cytarabine, Denosumab, Docetaxel, Doxorubicin,
HEribulin, Erlotinth, Etoposide, Everclimus, Exemestane, Filgrastim, Fluorcuraci], Fulvestrant,
Gemgcitabine, Imatinib, Imiquimod, Iplimomab, Ixabepilone, Lapatimib, Lenalidomude,
Letrozole, Leuprolide, Mesna, Methotrexate, Nivolumab, Oxaliplatin, Paclitaxel,
Palonosetron, Pembrolizumab, Pemetrexed, Prednisone, Radium-223, Rituxamab, Sipuleucel-
T, Sorafenib, Sunitinib, Talc Intrapleural, Tamoxifen, Temozolomide, Temsirolimus,
Thalidomide, Trastuzumab, Vinorelbine or Zoledronic acid.

{8094} “Tumor microenvironment” as described herein 15 a cellular environment,

wherein a tumor exists. Without being himiting, the tumor micreenvironment can include
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surrounding blood vessels, mmmune cells, fibroblasts, bone marrow-derived inflammatory

cells, lymphocytes, signaling molecules or the extracellular matrix (ECM).

Certain nucleic acids encoding CARs

{6095} Some embodiments of the methods and compositions provided herein
mclude one or more nucleic acids encoding 3 CAR specific for a DNP moiety associated with
or joined 1o a PLE molecule. In some embodiments, the BNP moiety is associated or joined to
an antibody or a folate. In some embodiments, the DNP mwoiety is in an orientation or
proximity on an extracellular cell surface that allows for a desired affinity or avidity to the anti-
DNP CAR, such as a T cell or a component of said CAR, such as a ligand binding domam. In
some embodiments, the CAR comprises a selected ligand binding domain, which binds to a
DNP moiety, a selected spacer of a desired length, a transmembrane domain; and an
mtraceliular signaling domain{s) and, preferably said CAR 15 displayed on the surface of a T
cell in an orientation that promotes or obtains a desired affinity or avidity to DNP-PLE, which
may be associated with or jomed to a turoor cell.

[06096] In some emboduments, one or more nucleic actds encode a higand binding
domain of one or more CARs set forth herein, which comprises an scFv domain comprising a
VH sequence, and VL sequence derived from an antibody. In some embodiments, the VH and
V1. sequences are jomned together via a linker. TABLE 1 hLists example embodiments for a
series of CARs, and TABLE 2 hists sequences for components of certain CARs. Example
embodiments of VH seqguences, VL sequences and linkers encoded by one or more of the
nucleic acids set forth heren are histed in TABLE 2. In some embodiments, the one or more
nuclete acids encoding a higand binding domain of one or more CARs set forth herein encodes
a ligand binding domain that comprises an amino acid sequence having at least 70%, 30%,
0%, 95%, 96%, 97%, 98%, 99% or 100% 1dentity to the amino acid sequence set forth in any
one of SEQ ID NOs:01-12. In some embodiments, the one or more nucleic acids encode a
ligand binding domain that comprises the amino acid sequence set forth in any one of SEQ ID
NOs:01-12. In some embodiments, the one or more nucleic acids encode a ligand binding
domain that comprises an amino acid sequence having at least 70%, 80%, 90%, 95%, 96%,
7%, 98%, 99% or 100% identity to the amino acid sequence set forth m SEQ 1D NGs:01, 02,

09, or 10.
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}_Jigzmod bim%ing | Spacer Tmn@mmbran@ (To—st%xnuiaicry
domain derived from seFv domain domain
VH-linker-VL of Ab-1 (1BAF) | short CD28im 41BB and CD3-zeta
VH-linker-VL of Ab-1 {(1BAF) | medium | CD28im 4188 and CD3-zeta
VH-linker-VL of Ab-1 (1BAF) | long CD28tm 41BB and CD3-zeta
VLi-linker-VH of Ab-1 (1BAF) | short CD28tm 41BB and CD3-zeta
VL-linker-VH of Ab-1 (1BAF) | medium | CD28tm 4188 and CD3-zeta
Vi-linker-VH of Ab-1 (1BAF} | long CD28tm 41BB and CD3-zeta
VH-hinker-VL of Ab-2 (XC) short CD28m 4188 and CD3-zeta
VH-lhinker-VL of Ab-2 (XC) mediom | CD28tm 41BB and CD3-zeta
Vi-linker-VL of Ab-2Z {XC) long CD28im 41BB and CD3-zeta
VE-finker-VH of Ab-2 (XC} short CD2Z&tm 4188 and CD3-zeta
Vi-tinker-VH of Ab-2 (XC} medium | CD28tm 4188 and CD3-zeta
VL-linker-VH of Ab-2 (X() fong CD28tm 41BB and CD3-zeta
VH-linker-VL of Ab-3 short CD28tm 41BB and CD3-zeta
VH-linker-VL of Ab-3 medium | CD28tm 41BB and CD3-zeta
YVH-linker-VL of Ab-3 fong CD28tm 41BB and CD3-zeta
VE-linker-VH of Ab-3 short CD28tm 41BB and CD3-zeta
Vi-huker-VH of Ab-3 mediom | CD28&im 41BB and CD3-zeta
VE-linker-VH of Ab-3 long CD28&tm 41BB and CD3-zeta

TABLE 2

{Ab-1; 1BAF)

SEQ ID NG Seguence
SEQ D NOG1 DVGLOESGPGLYVKPSQGSQSLTCTVTGYSITSDYAWNWIRGEP
VH of anti DNP scFv [GNKLEWMGYMSYSGSTRYNPSLRSRISITRDTSKNGFFLOQLK

SVITEDTATYFCARGWPLAYWGQGTOQVSVSEAKTTPPSVYP
LAPGSAAQTNSMVTLGCLVEKGYFPEPVTVTWNSGSLSSGVH
TFPAVLOSBLYTLSSSVTVRSSPRPSETVTUNVAHPASSTEKVD
KKIVPRDC

SEQGID NO:02Z
VL of anti BNP scFv
{Ab-1; 1BAF)

IVETQSPAIMSASPGEKVTMTCSASSSVY YMYWYQQKPGSS
PRLLIYDTSNLASGVPVRISGSGSGTSYSLTISRMEAEDAATY
YCOOQWSSYPPITFGVGTKLELKRADAAPTVSIFPPSSEQLTSG
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SEQ I NO

Seguence

GASVVCFLNNFYPRKDINVEWEIDGSERQNGVENSWTDQDSK
DSTYSMSSTLTLTKDEYERHNSYTCEATHKTSTSPIVKSEFNRN
EC

SEQID NO:O3
VH of antt DNP scFv
{Ab-2; X}

QOLEQSGGGAEGGLVKPGGSLELCCKASGFSLASSYCICWVR
QAPGKGLEWIGCIYAGSSGSTY YASWVYNGRETLSRDIDOSTG
CLOLNSLTAADTAMYYCARAPYSSGWVLYFNLWGPGTLVIV

SEGID NG04
VI, of anti DNP scFv
{Ab-2; XC)

AQVLTQTPSPVSAAVGGTVTISCQSSESVYGNSRLAWYQQKP
GQSPKLLIYYASTLASGVPSRFKGSGSGTOFTLTISDLECDDA
ASYYCQGGYYSGNLDALAF

SEQID NO:0S
VH of anti DNP scFv
{Ab-3)

QQLEQSGGGAEGGLVKPGGSLELCCKASGFSLSSSYCICWVR
CAPGKGLEWIGCIYAGSSGSTY YASWVNGRFTLSRDIDOSTG
CLOLNSLTAADTAMYYCARAPYSSGWVLYFNLWGPGTLVIV

SEGID NO:06
VL of antit DNP scFv
{Ab-3)

PCATFAQVLTQTPSPVSAAVGGTVTISCUOSSESVYGNSRLAW
YQOKPGOSPKLLIYYASTLASGVPSRFKGSGSGTOFTLTISDL
ECDDAASYYCQOGGYYSGNLDALAFGOGGTEVVVRG

SEQID NOT
Vi-hnker-VH of anti
DNP scFv {Ab-3)

PCGATFAQVLTQTPSPVSAAVGGTVTISCOQSSESVYGNSRLAW
YOQKPGOSPKLLIYYASTLASGVPSRFKGSGSGTQFTLTISDL
ECDBAASYYCQOGGYYSGNLDALAFGGGTEVVVRGLGGLSG
GGOSGHGGSOCQOLEQSGGGAEGGLVEPGGSLELCCKASGE
SLSSSYCICWVROQAPGKGLEWIGOTY AGSSGSTYYASWVYVNGR
FTLSRDIDOQSTGCLOLNSLTAADTAMYYCARAPYSSGWVLY
FNLWGPGTLVIVSS

SEQ ID NQ:08
VH-linker-VL of ant

DNP scFv (Ab-3)

QCQQOLEQSGGGAEGGLYKPGGSLELCCKASGFSLSSS YCICW
VROAPGKGLEWIGCTYAGSSGSTYYASWVNGRFTLSRDIDOS
TGCLOLNSLTAADTAMYYCARAPYSSGWVLYFNLWGPGTL
VIVSSGGGGSGGGGSGOGGSPGATFAQVLTQTPSPVSAAVGG
TVTISCOSSESVYGNSRLAWYQQKPGOSPKLLIVYASTLASG
VPSRFKGSGSGTOFTLTISDLECDDAASYYCOGGYYSGNLDA
LAFGGGTEVVVRG

SEQ ID NQ:09
VH-linker-VL of antt
DNP scFv (1BAF)

DVQLQESGPGLVKPSQSOSLTICTVTIGYSITSDY AWNWIRQEP
GNKLEWMGYMSYSGSTRYNPSLRSRISITRDTSKNQFFLOLK
SVITEDTATYFCARGWPLAYWGOGTQVSVSEAKTTPPSVYP
LAPGSAAQINSMVTLGCLVKGYFPEPVTVTWNSGSLSSGVH
TFPAVLQSDLYTLSSSVTVESSPRPSETVICNVAHPASSTRVD
KXIVPRDCGOGGSGOGGSGOGGSQIVLTQSPAIMSASPGEKY
TMTCSASSSVYYMYWYQQKPGSSPRLLIVDTSNLASGVYPVRE
SGSGSGTSYSLTISRMEAEDAATYYCQOQWSSYPPITFGVGTKL
ELKRADAAPTVSIFPPSSEQLTSGGASVVCEFLNNFYPKDINVE
WKIDGSERQNGVLNSWTDQDSKDSTYSMSSTLTLTKDEYER
HNSYTCEATHKTSTSPIVKSENRNEC
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SEQ I NO

Seguence

SEQID NO:10
Vi-linker-VH of anti
DNP seFv (1BAF)

QIVLTOSPAIMSASPGEKVTMTCUSASSSVY YMYWYQQKPGSS
PRELIYDTSNLASGVPYVREFSGSGSGTSYSLTISRMEAEDAATY
YOQQWRSYPPITFGVGTRKLELKRADAAPTVSIFPPSSEQLTSG
GASVVCFLNNFYPRKDINVEWKIDGSERQGNGVLNSWTDQDSK
DSTYSMSSTLTLTRKDEYERHNSYTCEATHRK TSTSPIVKSFNRN
ECGGGGSGGOGSGGOGSDVOLOESGPGLVEPSQSQSLTCTY
TGYSITSDYAWNWIRQFPGNKLEWMGYMSYSGETRYNPSLR
SRISITRDTSKNQFFLOLKSVTTEDTATYFCARGWPLAYWGQ
GIQVSVSEAKTIPPSVYPLAPGSAAQTNSMVTLGCLVKGYFP
EPVIVIWNSGSLSSGVHTFPAVLQSDLYTLSSSVTVPSSPRES
ETVICNVAHPASSTKVDKKIVPRDC

SEQID NO:11
VH-linker-VL of anti
DNP seFv (XO)

QOLEQSGGGAEGGLYRPGGSLELCCKASGESLSSSYCICWVR
QAPGKGLEWIGCIYAGSSGSTY YASWYNOGREFTLSRDIDQSTG
CLOLNSLTAADTAMYYCARAPYSSGWVLYFNLWGPGTLVIV
SSGGOGSCGOGSGGOGSAQVLTQTPSPVSAAVOGTVTIRCGS

SESVYGNSRLAWYQQKPGOSPRLLIYYASTLASGVPSRIFKGS

GSGTQFTLTISDLECDDAASYYCQGGY YSGNLDALAYF

SEQID NOG:12
VIi-lnker-VH of anti
DINP scFv (XO)

AQVLETQTPSPVSAAVGGTVTISCOSSESVYGNSRLAWYQOQKP
GOSPKLLIYYASTLASGVESRFKGSGSGTOFTLTISDLECDDA
ASYYCQGOGYYSGNLDALAFGGGTEVYVVROGGGOGSGGHGSG
GOGSOOLEQSGGGAEBGGLVEPGGSLELCCKASGESLESS YT
CWVRQAPGKGLEWIGCIYAGSSGSTYYASWVYNGRFTLSRDI
DOSTGCLOLNSLTAADTAMY YCARAPYSSGWVLYFNLWGP
GILVIV

SEQIDNG:13
VH-linker-VL of anti
DNP scFv (1BAF)

gacgtacaactgeaagaatcaggiccgggactygicaaacciagecagtcteagicctigacate

D00
cacegtgacgggctatagtataacgagtgattacgetiggaatiggaticggcagiticcaggeaa
taagotigagiggatgggetatatgicttactecggetcaactagatataatecgagecticggiote
ggatiictatcacaagagatacgagtaagaatcagttitticticaactcaaaagogicaccacgga
ggataccgocacatattictgtgoiaggggatgaectcttgetiatiggoogcaagggacacaagt
gtetgtticegaagecaaaacaacgeccecticagictateegetggeacegggaagegeggea
caaaccaatagtategtaacgoteggatgtctogicaagggatatittecegagectgigacagie
acatggaaticigggagtctiageageggagtacatacitticoggeagtacttcaateegatitata
cacgeteteoictagtgtiacagitecaagolctecacgacctagtgagacogiiacatglaacgic
gegeatceggectettecactaaagtiggataaaaagatigtgcecagggactgeggcaoagey
ggctetggeggoggaggatelgggggaggooocagecaaatigigitgacccagicocegge
cataatgtcogcttetectiggegagaaggttactatgactigetcagectectocagtgigtatiatat
gtactggtatcaacaaaagocgggcteticecoecggeiccttatatacgacacgagtaatetgge
aagiggcgtgectgtiagatittctgggtocggotetggaacticatactecctgacaattagecga
atggaagecgaggacgcggecgacatactactgecageaatggteatectatecgectaicacttit
ggagtaggoaccaaatiggagtigaagegggctgatgcggcticccacagitagtatiticoctee
gtcecagtgaacaactiacctcegggggagccicegtigttigetiictgaacaactittaccegaaa
gatataaatgicaagiogaagatcgacggoctcagagogocaaaacggggtacicaacteatgga
cagatcaggatagtaaagaticaactiacagiatgictagtacccetgacacigacgaaagaigaat
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SEQ I NO

Seguence

acgaaagacataatagttatacctgtoaagctacacataagacticaacctetectattgiaaaatea
ticaaccgaaacgaatgt

SEQIDNQ: 14
/L ~tnker-VH of anti
DINP scFv (1BAF)

caaatigtgtizacceagtoccoggecataatgicogeticticctggegagaaggttactatgactt
geteagectectccagigtotattatatgtactggtatcaacaaaagecggactoticecceegget
cettatatacgacacgagtaatciggeaagtggegigectattagattttctgggiceggeteigga
acticatactcectgacaattageegaatggaagecgaggacgeggegacatactactgeecage
aatggteatectatecgectateactitiggagtagggaccasatiggagtigaagegggactgaty
cggoicccacaghtaglatittcectecgtecagtgaacaacttacctcogggogagccicegtigt
tigctiictgaacaactittaccegaaagatataaatgtcaagtggaagatcgacggeicagageg
ccaaaacggggtacteaacicatggacagatcaggatagiaaagaticaacttacagtatgtctag
tacceigacactgacgaaagatgaatacgaaagacataatagtiatacctgtoaagetacacataa
gacttcaacctctectatigtaaaatcaticaaccgaaacgaatgiggogeagoooocticiggocy
geggaggatciggoeoagoogacagegacgtacaactgcaagaatcaggiccgggactggtc
aaacclagecagtoicagicctigacgigeacegtgacgggctatagtataacgagtgattacgct
tggaattggaticegcagtitccaggcaataagetigagtosatgeectatatgicttacteeggct
caactaggtataatccgagecticggtcicggatitciatcacaagagatacgagtaagaatcagtt
tittettcaactcaaaagegicaccacggaggataccgccacatatiteigtgetaggggatggoct
ctigetiatiggggecaagggacacaagtgictgtitcegaagocaaaacaacgoecccticagte
tatcogetggcaccgggaagegcggcacaaaccaatagtatgetaacgctogeatatetegica
aggggtatittcecgagectgtgacagigacatggaatictgggagictiagcageggagtacata
citttccggeagtacitcaatcogatitgtacacgetetecictagigttacagitccaageiciceac
gacctagigagaccgttacatgtaacgtegegeatecoggectcttccactaaagtggataaaaag
attgtgeocagggactsc

SEQID NO:15
/H-linker-VL of antt
DNP scFv (X0)

cageagceliggagceagiccggaggaggagcegaaggaggectggicaagectgggogalcce
tggaactctgeigeaaagecictggaticicecicaglagtagetactgcatalgitggptecgoca
ggctecagggaageogctggagiogatcggatgcatiiatgetgatagtagtggtageacttact

acgegagcetgggtoaatgoccgaticacteictecagagacatigaccagageacagatigoceta
caactgaacagtctoacagecgeggacacggocatgtattacigtacgagageccectatagta

gtggcigagatecictactitaactigigooocccaggcaccectggicattgtctecicaggeggag

gggoctetggcggoegagoateiogagoaggeggcagegeccaagtgctgacccagactce
atcgectgtatetgcagetatgggagecacagtcaccatcagtigocagticcagtgagagtotita
tggtaacagecgottagectggtatcagcagaaaccagggcagictecccaagetectgatetatia
tgcatecactotggeateiggegteccticgeggticaaaggeagtggateigggacacagticac
totcaccattagogaceiggagtgteacgatectgoctettactacigtcaaggeggtiatiatagty

gtaatcttgatgcpcitaciitc

SEQID NG 16
Vi-tnker-VH of anti
DINP scFv (X))

geccaagigetgacecagactecategeotgigtetgeageigtgggagacacagtcaccatea
gitgccagiccagigagagtetttatggtaacagecgetiageciggtatcageagansaceaggg
cagicteccaagetectgatctattatgeatceactciggeatetgggsicecttcgeggtteaasg
gcagiggatcigggacacagticactcicaccatiagogacctigeagtgteacgatgctgoctett
actacigtcaaggcggtiatiatagigataatetigatgcgctigetticggcegagegaccgaget
ggtggteagaggtogepoagogaactcigacpgpcggaggatelooogaageanocageca
2cagetosagcaglccggaggageEasceeasgeageccleetcaagColgeeegatcecty
gaactcigetgoaaageoctctggaticteccticagtagtagetactgcatatgttgggtecgccage

=
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Seguence

ctccagggaaggaectegagiggatcggatgcattiatectogtagtagtestagcacttactac
gcgagctgggtgaatggcogaticacictotccagagacatigaccagageacaggtigectaca
actgaacagictgacageocgoggacacggccatgtaitacigtgcgagageocectatagtagte
gotgggtectctactitaactigtggeecccaggcaccetggicatigtc

SEQID NG:17
VH-linker-VL of antz
DNP scFv {Ab-3)

ceaggteccacattigeccaagigetgacceagactecategectgigtcigeageigtggragsys
cacagtcaccatcagtigecagtecagligagagtgittatgetaacageogetiagectggtatea
geagaaaccagggeagtcicocaagetcctgatetatiatgeatecacictggaateiggggtece
ticgcggticaaaggacagigeatcigogacacagticacteicaccatiagegacctggagtytoa
cgatgctgoctcttactactgtcaaggogatiatiatagtggtaateitgatgcgctigetitcggegg
agggaccgaggtogtootcagagatgscogagagooctciggcgacggaggalciggesea
ggopocagocagteicageagetggageagiccggageageagcogaaggagecctiggica
agectgggogatecctggaacictgotgeaaagoetoiggaticteocteagtagtagetactoca
tatgtiggetccgocaggetccagggaagggactogagtosatcggatgcatitatgctggtagt
agtggtagcactiactacgegagetgggtoaatggocgaticacictctccagagacatigacea
gageacaggitgectacaactgaacagteigacagecgeggacacggecatgtatiacigtscy
agageccoctatagtagtgoctgootccictactitaactigtggeocccaggeaccetggtcatt
gtetecica

SEQID NG:18

anti DNP scfv
ViH-linker-VL of anti
DNP scFv {Ab-3)

cagigicageageiggageagiceggaggaggagocgaaggaggcctggticaagectgggy

gatcectggaacictgetgcaaagecteiggattctecctcagtagtagetactgeatatgtigggt

cegecaggeiccaggeaaggoociogagiooaicgoatocatitatgciggtagtagiogtage
acttactacgegagetgaatgastggcogaticactetetccagagacattgaccagageacagyg
ttgectacaactgaacagictgacageegeggacacggecatgtatiactglocgagageccoct
cggagagpecictgocoacggaggatctggggoaceooocageccaggtgocacatitoee

ccagtceagtgagagtptitatgetaacagecgetiagectggtatcageagaaaccagggeagt
cteecaagetcctgatetatiatgeatecactctggeatetgggeteccitegeggticaaagocag
tggaictgggacacagticacictcaccatiagegacctggagigigacgatgctgectcttactac
tgtcaaggeggitaltalagtogtaatetigatgegitgetticgoeggagggacegaggtogte

gtcagaggt

SEQID NQ:.19
limker

GOGGSGOOGSGEGES

SEQ ID NG:20
Long spacer:
1gG4dhinge-
CH2{L235D)-CH3

ESKYGPPCPPCPAPEFDGGPSVELFPPKPKDTEMISRTPEVTC
VYVDVSQEDPEVOFNWYVDGVEVHNAKTKPREEQFNSTYR
VVSVLTVLHODWLNGKEYKCKVSNKGLPSSIEK TISKAKGO
PREPOVYTLPPSQEEMTENGVSLTCLYKGFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLYSRLTVDESRWQEGNVESC
SYMHEALHNHYTORSLSLSLGK

SEQ D NO:21
Medium spacer:
1gG4 hinge-CH3

ESKYGPPCPPCPGOPREPQVYTLPPSQEEMTRNGVSLTCLYK
GFYPSDIAVEWESNGQOPENNYKTTPPYVLDSDGSFFLYSRLTY
DEKSRWOEGNVESCSVMHEALHNHYTQKSLSLSLGK

SEQ ID NO22

ESKYGPPCPPCP
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Short spacer: IgG4
hinge

SEQID NO:23
CD28tm

MEFWVELVVVGGVLACYSLLVIVAFIFWY

SEQ 1D NO:24
4-1BB

KRGRKEKLLYIFKOQPFMRPVQTTQEEDGUSCRFPEEEEGGCEL

SEQ ID NO:25
D3 zeta

RVEFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRG
RDPEMGOGKPRRENPQEGLYNELQKDRKMAEAYSEIGMKGER.
RRGEGHDGLYQGLSTATKDTYDALHMOQALPPR

SEQ ID NG:26
T2A

GGGEGRGSLLTCGDVEENPGP

SEQ D NG:27
GM-CSF receptor ss
to BEGFER

MLLLVTSLLLCELPHPAFLLIPRKVCNGIGIGEFKDSLSINATN
IKHFRNCTSISGDLHILPVAFRGDSFTHTPPLDPQELDILKTVE
EITGFLLIQAWPENRTDLHAFENLEIIRGRTKOHGQFSLAVVS
LNITSLGLRSLKEISDGDVIISGNKNLCYANTINWEKLFGTSG
QKTKHSNRGENSCKATGOVCHALCSPEGUWGPEPRDOVSC
RNVSRGRECVDRONLLEGEPREFVENSECIQCHPECLPQAM
NITCTGRGPDNCIQCARYIDGPHCVKTCPAGVMGENNTLVW
KYADAGHVCHLCHPNCTYGUTGPGLEGCPTNGPRIPSIATG
MVGALLLLLVVALGIGLEFM

SEQ ID NO:28
DHFRdm

MYGSLNCIVAVSONMGIGKNGDEFPWPPLRNESRYFORMTTT
SSVEGKONLVIMGKKTWESIPEKNRPLKGRINLVLSRELKEP
POGAHFLSRSLDDALKLTEQPELANKVDMYVWIVGGSSVYK
EAMNHPGHLKLIFVTRIMODFESDTFFPEIDLERKYKLLPEYPG
VLSDVOEEKGIK YKFEVYEKND

SEQ 1D NG:29
GM-CSF signal
Sequence

MLLLVTISLLLCELPHPAFLLIP

[0097]

in some embodiments, the one or more nucleic acids described heremn

comprise a spacer, wherein the spacer 18 a short spacer having 12 consecutive ammno acid

residues or less, and not less than 1 amino acid residue. In some embodiments, the one or more

nucleic acids described herein encode a spacer, which s a medium spacer having 119

consecutive amino acid residues or less but not less than one amino acid. In some

embodiments, the one or more nucleic acids described herein encode a spacer, which 15 a long

spacer having greater than 119 consecutive amino acid residues. In some embodiments, the

long spacer has 229 consecutive amino acid residues or fess and not less than 1 ammo acid. In

some embodiments, nucleic acids described herein encode a spacer selected from the group

consisting of a short spacer comprising an [gG4 hinge domain, a medium spacer comprising
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an fg (G4 hinge-CH3 domain, and a long spacer comprising an [g(G4 hinge -CH2-CH3 domain.
In some embodiments, the nucleic acids described herein encode a spacer, which is a long
SPACET.

{08098} In some embodiments, the transmembrane domain comprises a CD28
transmembrane domain.

{8099} In some embodimenis, the nucleic acids described herein encode an
mtracellular signaling domain comprises a portion of CD3 zeta and/or a portion of 4-1BB.

[0108] Some embodiments also include a polynuclestide encoding a selectable
gene, a cell surface selectable marker, or a cleavable linker. In some embodiments, the
selectable gene comprises a dihydrofolate reductase double mutant (DHFRdm). In some
embodiments, the cell surface selectable marker is selected from the group consisting of a
truncated EGFR (EGFR1), a truncated HerZ (Her2tG), and a truncated CD19 (CD19t). In some
embodiments, the cleavable linker comprises a ribosome skip sequence is selected from the
group consisting of P2A, T2ZA, E2A and F2A

{0101} Some embodiments of the methods and compositions provided heren
mchude vectors comprising any one of the nucleic acids provided herein. In some

embodiments, the vector comprises a leativiral vector.

Certain CARs

{6102} Some embodiments of the methods and compositions provided herein
inciude CARs, which specifically bind to a DNP moiety. In some embodiments, the DNP
motety is associated with a PLE molecule. In some ernbodiments, the DNP moety s agsociated
with an aniibody or a folate. In some embodiments, the CAR 15 encoded by the any one or
more of the nucleic acids provided herein.

{06103} In some embodiments, the ligand binding domain of the CARs described
and used herein comprises an scFv domain comprising a VH sequence, and VL sequence
derived from an antibody. In some embodiments, the VH and VL sequences are joined
together via a linker. Examples of VH sequences, VL sequences and linkers used with one or
more of the CARs described herein are listed in TABLE 2. In some embodiments, the higand
binding domain of a CAR set forth herein comprises an amino acid sequence having at least

70%, 8%, 90%, 95%, 96%, 97%, 98%, 99% or 100% identity to the amino acid sequence set
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forth in any one of SEQ ID NOs:01-12. In some embodiments, the ligand binding domain of
a CAR described herein comprises the aming acid sequence set forth in any one of SEQ 1D
N(s:01-12. In some embodiments, the ligand binding domain of a CAR set forth herein
comprises an amino acid sequence having at least 70%, 80%, 90%, 95%, 96%, 97%, 98%,
99% or 100% identity to the aming acid sequence set forth in SEQ ID NOs:01 or 62, In some
embodiments, the ligand binding domain of a CAR set forth herein comprises an ammo acid
sequence having at least 70%, 80%, 90%, 95%, 96%, 97%, 98%, 99% or 100% identity to the
amino acid sequence setf forth in SEQ ID NQOs:01, 02, 09, or 10

{6104} In some embodiments, the CARs described herein comprise a spacer, which
is a short spacer having 12 consecutive amino acid residues or less, and not less than 1 amino
acid residue. In some embodiments, the CARs described herein comprise a spacer, which isa
medium spacer having 119 consecutive amino acid residues or less and not less than 1. In some
embodiments, the CARs described herein comprise a spacer, which 15 a long spacer having
greater than 119 consecutive amino acid residues. In some embodiments, the CARs described
herein comprise a long spacer having 229 consecutive anuno actd residues or less but not less
than 1. In some embodimoents, the CARs described herein comprise a spacer selected from the
group consisting of a short spacer comprising an IgG4 hinge doman, a medium spacer
comprising an IgG4 hinge-CH3 domain, and a long spacer comprising an IgG4 hunge -CH2-
CH3 domain. In some embodiments, the CARs described herein comprise spacer, which is a
long spacer.

[08105] In some embodiments, the CARs described herein comprise a
transmembrane  domain, which comprises a CD28 tansmembrane domain. In some
embodiments, the CARs described herein comprise an intracellular signaling domam, which
comprises a poriion of CD3 zeta and/or a portion of 4-1BB.

[68106] in some embodiments, a DNP moilety 15 attached to an antibody or an
antigen binding {ragment thereof displayed on a CAR, which may be presented by a cell, such
asa T cell

(61071 In some embodiments, the DNP moiety is attached to a lipid. In some
embodiments, the lipid comprises a polar head group and a hydrophobic group. In some
embodiments, the polar head comprises a group selected from choline, phosphatidyicholine,

phosphocholine, sphingomyelin, aphosphoethanolamine, a sugar residue, phosphatidy! serine,
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phosphatidyl inositol, a piperidine, or a trimethylarseno-ethyl-phosphate. In some
embodiments, the hydrophobic group comprises an aliphatic chain or a terpenoid motety. In
some embodiments, the hydrophobic group comprises an ether linkage, wherein the ether
linkage is between the polar head group and the aliphatic chain. In some embodiments, the
aliphatic chain comprises a Croae alkyl chain. In some embodiments, the lipid is a PLE. An

embodiment of a DNP muoiety attached to a lipid is depicted in FIG. 1.

Certain cells comprising CARs

[6108] Some embodiments of the methods and compositions provided herein
include cells comprising any one of the CARs provided herein and/or comprising any one of
the nucleic acids encoding a CAR provided herein.

[0109] In some embodiments, the cell 15 derived from a CD4+ T cell, a CDE+ T
cell, a precursor T cell, or a hematopoietic stem cell. In some embodiments, the CD8+ T cell
is a CD8+ cytotoxic T lymphocvie cell selected from the group consisting of a naive CD8+ T
cell, a central memory CD8+ T cell, an effector memory CD8+ T cell, and a bulk CD8+ T cell.
In some embodiments, the central memory CD8&+ T cell 1s positive for CD45RO and CD6ZL.
In some embodiments, the CD4+ cell 15 a CD4+ helper T lymphocyte cell selected from the
group consisting of a naive CD4+ T cell, a central memory CD4+ T cell, an effector memory
CD4+ T cell, and a bulk CD4+ T cell. In some embodiments, the naive D4+ T cell is positive
for CDM4SRA and CD62L, and negative for CI4SRO.

[8119] In some embodiments, the cell 1s ex vive. In some embodiments, the cell 13
i vivo. In some embodiments, the cell 1s mammalian. In some embodiments, the cell 15 hurman.

{0111} Some embodiments of the methods and compositions provided herein
melude preparing a population of cells comprising one or more of the CARs described herem.
In some ewboduments, the population of cells comprismg a CAR described herein 13
meorporated into an infusion for admimistration to a subject in need e.g., a cancer patient. Some
embodiments mclude mniroducing the nucleic acid of any one or more of the nucleic acids
encoding a CAR or component thereof as provided heremn. Some embodiments also include
culturing the cell under conditions suitable to obtain a population of cells sufficient for an

mfusion.

-31-



WO 2021/158523 PCT/US2021/016177

Certain therapies

(0112} Some embodiments of the methods and compositions provided herein
inciude methods of treating, inhibiting, or ameliorating a cancer in a sebject. Some such
methods include administering any one of the anti-DNP CAR T cells provided herein to the
subject and optionally selecting said subject to recetve such a therapy based on diagnostic or
clinical evaluation or both. In some embodiments, the anti-DNP CAR T cell is administered
to the subject in combination with a composition comprising a DBNP motety, such as DINP-
PLE, or an anti-tumor antigen antibody or antigen binding fragment thereof comprising a DNP
moiety.

(0113} In some embodiments, the cell is administered prior to administration of the
DNP motety, such as DNP-PLE, or an anti-tumor antigen antibody or antigen binding fragment
thereof comprising a DNP motety. In some embodiments, the cell is administered subseguent
to adminisiration of the DNP moiety, such as DNP-PLE, or an anti-tumor antigen antibody or
antigen binding fragment thereof comprising a DNP moiety. In some embodiments, the cell is
co-administered with the DNP moiety, such as DNP-PLE or an anti-tumor antigen antibody or
antigen binding fragment thereof comprising a DNP moety.

[0114] In some embodiments, the composition comprising a DNP moiety, such as
DNP-PLE 15 adapted to or configured to target the cancer. Alternatively, in some embodiments,
the DNP motety is attached to an antibody or antigen binding fragment thereof, which
specifically binds to the cancer.

[6115] Preferably, the DNP moiety 1s attached to a8 liptd In some embodiments,
the ipid comprises a polar head group and a hydrophobic group. In some embodiments, the
polar head comprises a group selected from choline, phosphatidyicholine, phosphocholine,
sphingomyelin, aphosphosthanolamine, a sugar residue, phosphatidyl serine, phosphatidyl
mositol, a pipendine, or a trimethylarseno-ethyl-phosphate. In some embodiments, the
hydrophobic group comprises an aliphatic chain or a terpenoid motety. In some embodiments,
the hydrophobic group comprises an ether hinkage, wherein the ether linkage is between the
polar head group and the aliphatic chain. In some embodiments, the aliphatic chain comprises

a Cio20 alkyl chain. In some embodiments, the lipid 1s a PLE.
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[0116] In some embodiments, the cancer comprises a target cell selected from the
eroup consisting of a breast cancer cell, brain cancer cell, colon cancer cell, renal cancer cell,
pancreatic cancer cell, and ovarian cancer cell.

(0117} in some embodiments, the anti-DNP CAR T cell is autologous to the
subject. In some embodiments, the subject is mammalian. In some embodiments, the subject

18 human.

Certain compositions. svstem and kits

[6118] Some embodiments of the methods and compositions provided herein
include compositions comprising: any one of the antt-DNP CARSs provided herein, and a DNP
moiety attached to a target cell, in which the CAR is specifically bound to the DNP moiety.

(0119} In some embodiments, the DNP moiety is attached to the target cell via an
antibody or antigen binding fragment thereof that binds to the target cell.

[0120] In some embodiments, the DNP moiety is attached to a cell surface of the
target cell via a lipid integrated into the cell surface. In some embodiments, the hipid comprises
a polar head group and a hydrophobic group. In some emnbodiments, the polar head comprises
a group selected from choline, phosphatidvicholine, phosphocholine, sphingomyelin,
aphosphoethanolamine, a sugar residue, phosphatidyl serine, phosphatidyl inositol, a
piperidine, or a trimethylarseno-ethyl-phosphate. In some embodiments, the hydrophobic
group comprises an aliphatic cham or a terpenoid moiety. In some embodiments, the
hydrophobic group comprises an ether linkage, wherein the ether hinkage 15 between the polar
head group and the aliphatic cham. In some embodiments, the aliphatic chamn comprises a Cro-
20 alkyl chain. In some embodiments, the lipid 15 a2 PLE.

(8121} In some embodiments, the target cell 13 a cancer cell. In some embodiments,
the cancer cell 15 selected from the group consisting of a breast cancer cell, brain cancer cell,
colon cancer cell, renal cancer cell, pancreatic cancer cell, and ovarian cancer cell. In some
embodiments, the target cell 1s ex vive. In some embodiments, the target cell 1s in vivo. In some
embodiments, the target ceil is mammalian. In some embodiments, the target cell 1s human.

(0122} Some embodiments of the methods and compositions provided herein
melude systems and/or kits comprising any one of the nucleic acids encoding an anti-DNP

CAR and a composition comprising a3 DNP motety. In some embodiments, the DNP moiety
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is attached to an antibody or antigen binding fragment thereof. In some embodiments, the DNP

moiety is attached to a lipid.

EXAMPLES
Example 1— Anti-DNP antibodies binding to DNP-PLE-labelled cells

{0123} Adenccarcinoma cells, MDA-MB-231, were incubated overnight in the
presence of complete media with either 30 nM, 500 oM or 3 uM DNP-PLE. Integration of
DNP-PLE mio cell membranes was analyzed by contacting the cells with an anti-DINP Alexa
Fluor 488 antibody and subsequent flow cytometry. In control cells, no shift was seen between
untreated MDA-MB-231 cells and MDA-MB-231 cells stained with the anti-DNP-Alexa Fluor
488 antibody (FIG. 2A). For cells treated with 5§ uM DNP-PLE, there was a clear shift from
the untreated control cells and treated cells (FIG. 2B); a sroaller shift was observed between
the untreated control cells and cells treated with 50 oM DNP-PLE (FIG. IZD); and an
mtermediate shift was observed between the untreated control cells and cells treated with 500
nM DNP-PLE (FIG 2(). A histogram for the data in FIG. ZA-FIG. 2D 1s shown m FIG. 2E.

[08124] Ina further study, MDA-MB-231 celis were incubated overnight with esther
1 uM or 5 uM DNP-PLE, washed and imaged by confocal microscopy to confirm the location
of DNP-PLE integration 1n the cells. Nuclei were stained with DAPI (5); cell surfaces were
stained with wheat germ agglotinin {WGA) (1t); and DNP was stained with anti-DNP Alexa
Fluor 488 antibody (111). FIG. 3A depicts confocal images of control MDA-MB-231 cells
ncubated with anti-DNP-Alexa Fluor 488 antibody. FIG. 3B depwcts confocal images of
MDA-MB-231 cells mcubated with 5 uM DNP-PLE. FIG. 3C depicts confocal mmages of
MDA-MB-231 cells incubated with 5 pM DNP-PLE and stained with anti-DNP-Alexa Fluor
488 antibody. FIG. 3D depicts confocal images of MDA-MB-231 cells incubated with T pM
DNP-PLE and stained with anti-DNP-Alexa Fluor 488 antibody. Anti-DNP staining was
localized to the cell surfaces (111}, confrmung that DNP-PLE ntegrated at these sutes (FIG. 3C,

FIG. 3D). Ths study also confirmed that the DNP moiety was accessible for antibody binding.

Example 2—Qeneration of anti-DNP CARs

{6125} FIG. 4 shows the components of an example polynucleotide encoding an

anti-DNP CAR which includes a leader sequence, a ligand binding domain comprising an anti-
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DNP scFv, a spacer, a (D28 transmembrane domain, intracellular co-stimulatory domains
mcluding a 41BB domain and a CD3-zeta domain, a PZA sequence, a selectable marker
inciuding a DHFRdm, a T2A sequence, and a cell surface selectable marker including an
EGFRt

{6126} A series of polynuclestides encoding different anti-DNP CARs are
prepared. Some polynucleotides encode CARs having different spacers, such as a long spacer,
a mediom spacer, or a short spacer. Some polynucleotides encode U ARs having different anti-
DNP ligand binding domains, such as different scFv derived from different anti-DNP
antibodies {See e.g., Brunger, AT, et af, (1991} Journal of Molecular Biology, 5:239-56
which is incorporated by reference in its entirety). Some ligand binding domams includea VH
sequence, and a VL sequence. Some ligand binding domains include a VH sequence, and a VL
sequence having a linker there between. TABLE 1 lisis a series of CARs that are prepared,
and TABLE 2 lists sequences for components of the CARs. For example, a CAR comprising
a ligand binding domain for VH-linker-VL of Ab-1 (IBAF) with a long spacer includes a
polynucieotide encoding the following amine acid sequences in a NH-COOH orientation:

[SEQ ID NO:29, GM-CSF signal Sequence] [SEQ ID NO:0L, VH of anti DNP scFv {Ab-1;

NG:24, 4-1BB] [SEQ 1D NQ.23, CD3 zeta] [P2A nuclew acid] [SEQ ID NG 28 DHFRdm]
[SEQ ID NO:28, GM-CSF receptor ss to EGFRt]

Example 3—Preparation of anti-DNP CAR T cells

(8127} A polynucleotide encoding an anti-DNP CAR having a long spacer was
transduced into HY cells (CD4+ and CD3+ cutaneous T lymphocyies). Transduced cells were
selected using methotrexate. The efficiency of transduction was determined using flow
cytometry to quantify the presence of a EGFRI cell surface marker on transduced cells. Flow

plots demonstrated a 92% positive anii-DNP CAR HY population.

Example 4— Anti-DNP CARs bindine to DNP-PLE-labelled cells
[0128] MDA-MB-231 cells were incubated overmight with 5 uM DNP-PLE,

washed, and co-cultured with anti-DNP CAR T cells. Cells were 1maged by confocal
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microscopy to confirm an inferaction between the anti-DNP CAR T cells and DNP-labeled
cells. Nuclel were stained with DAPI (3); cell surfaces were stained with wheat germ agglutinin
(WGA) {(11); and DNP was stained with anti-DNP Alexa Floor 488 antibody (i1i; and v}, H9
CAR T cells were distinguished from MDA-MB-231 using an anti-CD3 antibody {red}. Under
each color image is a grey scale for each layer making up the full confocal image: nucleus (1),
cell surface (i1}, DNP-PLE (it} and (1v) anti-DNP CAR H9 cells.

{61291 Control unlabeled MDA-MB-231 cells co-cultured with anti-DNP CAR HY
cells are shown in FIG. SA which shows no binding between MDA-MB-231 and HO cells. In
FIG. 5A, the top left image shows full overlay confocal image of images (1} — (). DNP-PLE
labelled MDA-MB-231 celis co-cultured with anti-DNP CAR H9 cells are shown in FIG. 5B
which shows an interaction between MDA-MB-231 and H9 cells. In FIG. SB, the top left image
shows full overlay confocal image of 1mages (1) — {iv). FIG 5B showed a synapse formation
between the cells, thus confirming recognition of the DNP exposed on the surface of the target
cell by the anti-DNP CAR. This study confirmed that an anti-DNP CAR was capable of
binding to DNP-labelled cells,

Example 5—n virre activity of anti-DNF CARs

{0138} I vitro activity of anti-DNP CARs 1s measured using a chromoium release
assay, and a cytokine production assay. See e.g., Gonzalez, S, Naranjo, A., Serrano, L. M,
Chang, W.-C., Wright, C. L., & Jensen, M. C. (2004). Genetic engineering of cyiolytic T
lymphocytes for adoptive T-cell therapy of neuroblastoma. The Jouwrnal of Gene Medicine,
6(6}, 704-711, hereby expressly incorporated by reference in its entivety.

[0131]  For the chromium release assay, target cells are incubated with “'Cr
overmght. For target cells that receive the DNP-PLE, the DNP-PLE 13 also present in the media
overnight with the *'Cr. The following day the target cells are washed and seeded in a 96 well
plate at a concentration 5000 cell per well, CD8+ anti-DNP CAR T cells, and mock T cell
effectors (usually in day 8-16 of a rapid expansion protocol) are washed, seeded with the target
cells 1n triplicate at various E: T ratios (30:1, 1611, 3.1, 11}, and allowed to co-incubate for 4
hours at 37°C. Also, to evaluate control **Cr release, each target cell line are seeded with media
only and for maximum “'Cr release each target cell line was seeded and lysed with 2% SDS.

Control groups are done in sextuplicate. After co-incubation, the supernatant is harvested,
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dispensed on LUMA plates, and aliowed to dry overnight. The next day samples are run on the

Top Count instrument. Percent-specific lysis is calculated by the following formula:

{experimental >'Cr release) - {control *'Cr release)

< X 100
{maxuoum °Cr release) — (control “'Cr release)
[0132] In the chromium release assay, the relative levels of vtic activity for various

anti-DINP CAR T cells 1s determined against the DNP-fabelled cells. Unlabeled control K562
cells do not induce lysis with the anti-DNP CAR T cells. A positive control includes the use
of OKT3 cells which activates T cells through the TCR. Anti-DNP CAR T cells induces
spectfic lysis of DNP-labeled cells.

(0133} A cytokine release assay is performed. For target cells that receive the
DNP-PLE, the DNP-PLE are incubated overnight in media. The next day all target cells are
harvested, washed, and seeded in a3 96 well plate at a concentration of 5x10° cells per well.
CD8+ anti-DNP CAR T cells and mock T cell effecters (usually in day 8-16 of a rapid
expansion protocol) are washed and seeded (1x10° cells/well} with the target cells and are co-
incubated for 24 hours at 37°C. After 24hr the supernatant is harvested and IFN-gamma, TNF-
alpha, and IL-2 concentration in the supernatant are measured by using a Bio-Plex®™ 200 system
(Bio-Rad). The levels of cytokines released by the anti-DNP CAR T cells is deternuned. DNP-
labeled cells induce the release of TFN~y, I1-2 and TNF-0 i contact with the anti-DNP CAR
T cells.

Example 6—J7n vive targeting and integration of DNP-PLE

[0134]  fn vivo targeting and integration of DNP-PLE at turor sites 1s tested. After
a glhoblastoma (UR7 cells) tumor is established in a group of mice by intracraral inyection, the
mice receive an intravenous injection of DNP-PLE. Mice are sacrificed and brains are
harvested at various time points post DNP-PLE mjection. Specifically, mice having an
orthotopic glioma xenograft are dosed intravenously with DNP-PLE, and the brains are
evaluated over a period of 14 days. At 438 hr, the bramn 1s prepared for histology. BAPE 15 also
used to stain for the nucleus. An anti-DNP antibody with a flucrescent label 15 used to stain for
avatlability of DNP-PLE that 15 integrated into the membrane of cells. The ghoma tumor

exhibits retention of DNP-PLE in excess compared t¢ a tumor-free contra lateral hemisphere
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of a subject. In a fluorescent image, tumor is very bright compared to the normal healthy tissue.
This confirms the selective integration of DNP-PLE 1nto tumor membranes with DNP moiety
available for binding.

[0135] A similar study s performed in which mice receive flank tumors by
injection with either adenocarcinoma cells (MDA-MB-231}, or osteosarcoma cells {143B).
After tumors are established in the groups of mice by subcutanesus injection, the mice receive
an intravenous injection of DNP-PLE. Mice are sacrificed and tumors are harvested at various
time points post DNP-PLE injection. The tumors are removed and immediately imaged for the
presence of the DNP-PLE using an anti-DNP antibody with a fluorescent label. The three
ditferent types of cancer all show specific uptake of DNP-PLE, and a multiday day retention
time of DNP-PLE.

Example 7—4n vive acuvity of anti-DNP CARs

{0136} In vivo activity of anti-DINP CARSs 1s measured using a xenograft model. A
neuroblastoma (Be2) or ghoma (U7, U251T, or T98) tuwrnor 1s established wn muce by
wtracranial wyection. Mice receive an wntracranial jnjection of anti-DNP CAR T cells m
combination with DNP-PLE. A control group receive an intracranial injection of the anti-DNP
CAR T cells only. Mice receiving an intracranial injection of anti-DNP CAR T cells in
combination with DNP-PLE have an increased survival rate, decreased tumor burden over
time, and/or reduced tamor volume, compared o the control group.

(6137} A simiar study 1s performed in which mice receive flank tumors by
mjection with an adenocarcinoma cells (MDA-MB-231). After tumors are established in the
groups of mice by subcutaneous injection, the mice receive an intravenous injection of DNP-
PLE, except for a control group. The mice receive a subsequent IV dose of anti-DNP CAR T
ceils. The mice that recetved BNP-PLE have an mcereased survival rate, decreased tumor
burden over time, and/or reduced tumor volume, compared to the control group.

35

[6138] The term “comprising” as used herein is synonymous with “including,

“containing,” or “characterized by, and 1s inclusive or open-ended and does not exclude

addnional, unrecited elements or method steps.
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{61391 The above description discloses several methods and materials of the
present ivention. This invention is susceptible to modifications in the methods and materials,
as well as 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 praciice
of the invention disciosed herein. Consequently, it 1s not intended that this invention be limuted
to the specific embodiments disclosed herein, but that it cover all modifications and
embodiments coming within the true scope and spirit of the invention.

[0140] All references cited herein, including but not limited to published and
unpublished applications, patents, and lierature references, are incorporated herein by
reference in their entirety and are hereby made a part of this specification. To the extent
publications and patents or patent applications incorporated by reference contradict the
disclosure contained in the specification, the specification is intended to supersede and/or take

precedence over any such contradictory material.



