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METHODS AND COMPOSITIONS FOR THE REDUCTION OF CHIMERIC ANTIGEN
BECEPTOR TONIC SIGNALING
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named P35071TWO00_ST2S ixt, which 1s 249 328 bytes in size and was created on June 27, 2021,

which s likewise herein incorporated by reference in its entirety.

BACKGROUND

8064} Chimeric antigen receptors {C ARs) in their original conception are fusion protetns in which
the variable regions of the heavy chain (Vi) and hight chain (V1) of a monoclonal antibody are
assembled with a non cleavable flexible linker to form a single chain antibody (scFv), which is
fused with signaling molecules of the T cell receptor and costimulatory endodomains. See, Fshhar
et al., “Specific activation and targeting of cviotoxic lymphocytes through chimeric single chains
consisting of antibody-binding domains and the gamma or zeta subunits of the immunoglobulin

and T-cell receptors,” Proc. Natl Acad. Sci. UL S, A 94:720-724 (1993); Finney ef al., “Chimeric
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receptors providing both primary and costimulatory signaling in T cells from 2 single gene
product,” J Immnmol 161:2791-2797 (1998); Imai ef «f, “Chimeric receptors with 4-1BB
signaling capacity provoke potent cytotoxicity agaimnst acute fymphoblastic levkemia,” Lewhemia
18:676-0684 (2004). Remarkable and sustained antitumor activity is achieved when a CD19-
specific CAR is engrafted in T cells and these cells are infused in pediatric patients with acute B-
cell levkemia. See Maude ef af., “Chimeric antigen receptor T cells for sustained remissions in
ieukenua,” N. fingl J. Med. 371:1507-1517 (2014},

[6065] CAR engagement with the antigen expressed by tumor cells promotes rapid and profound
activation of the T cells which s characierized by cytolysis, cytokine secretion and proliferation.
See Dot ef af | “Design and development of therapies using chimeric antigen receptor-expressing
T cells,” fmmunol. Rev. 287:107-126 (2014). However, 1t emerged that CARs can cause tonic
signaling in T cells, which denotes sustained antigen independent activation leading to rapid T cell
exhaustion and impaired antitumor activity (Long ef ¢f, “4-1BB costimulation amehiorates T cell
exhaustion induced by tonic signaling of chimeric antigen receptors,” Nayr. Med 21:581-390
{2015y ("Long efaf (2015Y7). The fust report describing tonic signaling in CAR-T cells atiributed
this effect to the propensity of certain scFvs to self~aggregate causing cell surface CAR clustering
and consequent signaling. See id. Sirotlar tonuc sigualing 18 observed in other immune cells,
meluding NKT cells. See Xu et al., NKT cells co-expressing a GD2-specific chimeric antigen
receptor and IL-15 show enhanced in wvivo persistence and antitumor activity against
neuroblasioma,” Clin. Cancer Res. 25(23):7126-7138 (2019).

[8006] 1t 1s well known that Vi and Vi domains coupled to form s¢Fvs have a tendency to unfold
ieading to scFv oligomenization. See Worn and Pluckthun, “Stability engineering of antibody
single-cham Fv fragments,” J Mol Biol 305.989-1010 (2001} (“Worn and Phuckthun (2001)7). A
variety of strategies have been developed in the effort to stabilize scFvs that mclude engineering
disulfide bonds between the Vu and Vi domains, introduction of charged amino acids within the
Vu and Vi domains or grafting the complementarity-determuning regions (CDRs) mto different
framework regions (FWRs). See Young ef ol “Thermal stabilization of a single-chain Fv antibody
fragment by mtroduction of a disulphide bond,” FEBS Lesr. 377:135-139 (1995}, Miller er al,,
“Stability engineering of scFvs for the developmeni of bispecific and multivalent antibodies,”
Protein Eng Des Sel 23.:549-557 (2010}; and Kugler ef g/, “Stabilization and humanization of a

single-chain Fv antibody fragment specific for human lymphocyte antigen CD19 by designed point
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mutations and CDR-grafting onto a human framework,” Profein fng Des Sel 22:135-147 (2009).
In the contest of scFvs assembled into a CAR format, the tonic signaling caused by the schv
derived from the murine 14g2a monoclonal antibody was specifically attributed to the FWRs of
the antibody. See Long ef of. (2015). Remarkably, the engraftment of CDRs of the scFv denived
from the FMC63 monoclonal antibody (mAb} into the FWRs of the 14g2a antibody was sufficient
to cause tonic signaling of the FM{63 scFv when this scFv was used to generate a CAR indicating
that FWRs play a critical role in causing fonic signaling of scFv in the CAR format. See id.
{8667} TCR-mediated tonic signaling is a well characterized homeostatic property of naive T cells
and plays a critical role in promoting their long-term persistence. See Myers et al., “Tonic Signals:
Why Do Lymphocytes Bother? Trends fmmunol. 38:844-857 (2017}, However, TCR-mediated
tonic signaling requires TCR engagement with self-peptides presented either in Class { or 1, and
is strictly confined to T cells located in lymphoid organs. See Hochweller er af, “Dendritic cells
control T cell tonic signaling required for responsiveness to foreign antigen,” Proc. Nail. Acad.
Sci. U5 A 107:5931-5936 (2010}, In sharp contrast, CAR-mediated tonic signaling in T cells, in
its striet essence, refers to CAR sigoaling that is independent from any specific CAR engagement
and defined as spontaneous release of cytokines such as IFNy. See Loug ef af. (2015). The event
triggering CAR-~-mediated tonic signaling has been 1dentified as the spontaneous aggregation of a
suffictent number of CAR molecules, which leads to mutiation of signaling. See Long et ol
{2015). Here, we confirm that tonic signaling 15 due to self-aggregation of CAR molecules, and
further demonstrate that the CAR-CD3{ chamn is exclusively responsible of the spontansous
cytokine release, since loss of function of the CAR-CD3 { chain completely abrogates the
spontaneous release of INFy. Spontaneous cytokine release, rather than detection of cell surface
markers associated to T cell exhaustion, seems the most robust and reliable assay to define the
presence of CAR tonic signaling and reduced functionality.

{8008} The wmstability of synthetic scFvs has long been recognized causing their spontaneous
aggregation hindermg the generation of soluble reagents. See Worn and Pluckthun {2001); Miller
et al, “Stability engineering of scFvs for the development of bispecific and multivalent
antibodies,” Protein Eng Des Sel 23:549-557 (2010}, We have previously demonsirated that
structural modeling and mutagenesis driven by computational protein design can be used to restore
specificity of scFvs distorted by fusing V1. and Vy domains. See Krokhotin eral “Computationally

Guided Presign of Single-Chain Variable Fragment Improves Specificity of Chimeric Antigen
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Receptors,” Mol. Ther. Oncolytics. 15:30-37 (2019). In general, the thermodynamic stability of a
protein (AG) is crucial for its biological functionality. Amino acitd mutations in protemns can
disrupt important residue interactions, alter protein active sites, and protein stability. These
unstable mutant protem conformations are the underlying sources of numerous human disorders.
See Redler ef af., “Protein Destabilization as a Common Factor in Diverse Inherited Disorders,” J/
Mol Evol 82:11-16 {2016). Hence, quantifying the effect of mutations on protein structure is
important to estimate the protein stability and there by its functionality.

[8669] Conflicting data have been reported on the role of the costimulatory CD28 and 4-1BB
endodomains in exacerbating or attenuating the CAR tonic signaling in T cells using CARs
containing different hinge/spacer regions or different vectors/promoters. See Long ef ol (2015);
Frigault er af | “Identification of chumeric antigen receptors that mediate constitutive or inducible
proliferation of T cells,” Cancer Immunol Res. 3:356-367 (2015); and Watanabe er al., “Fine-
tuning the CAR spacer improves T-cell potency,” Oncoimmunclogy $:e1253656 (2016). Despite
these conflicting data, it 13 however possible to conclude that an intrinsic instability of the scFv
cannot be corrected by the type of costimulation used or by modifying other components of the
CAR structure. Indeed, CAR tonic signaling is frequently considered a good reason to abandou a
specific scFv from further CAR development despite the original antibody having an excellent

profile in term of antigen specificity and affinity.

FIELD OF THE DISCLOSURE

18018} The present disclosure relates to engineering binding domains, chimeric antigen receptors,
and host cells transformed with engineered binding domains and chimeric antigen receptors to
prevent tonie signaling in mumune cells. The present disclosure further relates to engineering
binding domains, chimeric antigen receptors, and host cells with humanized framework regions

containing amino acud substitutions from mouse to provide for human and mouse compatibilaty.

SUMMARY OF THE INVENTION

{6611} The present disclosure provides for, and includes, a binding member having a binding
specificity to chondroitin sulfate protecglycan 4 (CSPG4) comprising a variable light chamn
sequence comprising light chain complementarity determining regions ("LCDRs™y LCDRI to

LCDR3 sequences set forth in SEQ ID NOs: 1-3 and a hight chain framework sequence 1 (VL-
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FR1) selected from the group consisting of SEQ 1D NGs:153 to 221, a light chain framework
sequence 2 { VL-FR2) selected from the group consisting of SEQ 1D NOs:222 to 225, a light chain
framework sequence 3 (VL-FR3) selected from the group consisting of SEQ ID N(Os:226 to 249,
a light chain framework sequence 4 {(VL-FR4) selected from the group consisting of SEGQ 1D
N{s:250 to 255, and a variable heavy chain sequence comprising heavy chain complementasity
determining regions {"HUDRs”) HCDR1 to HUCDR3 sequences set forth in SEQ ID NOs: 4t0 6
and a heavy chain framework sequence 1 {(VH-FR1) selected from the group consisting of SE(}
ID NOs:256 to 349, a heavy chain framework sequence 2 {VH-FR2) selected from the group
consisting of SEQ ID NOs:350 to 353, a heavy chain framework sequence 3 (VH-FR3) selected
from the group consisting of SEQ 1D NOs:354 to 360, and a heavy chain framework sequence 4
{VH-FR4) selected from the group consisting of SEQ 13 NOs:361 to 382

{6612 The present disclosure provides for, and includes a nucleic acid encoding a polypeptide
comprising a variable light chain sequence comprising light chain complementarity determining
regions (“LCDRs”y LCDR1 to LCDR3 sequences set forth in SEQ 1D NOs: 1-3 and a light chain
framework sequence 1 (VL-FR1) selected from the group consisting of SEQ 1D NOs: 153 10 221,
a hight chatn framework sequence 2 (VL-FR2) selected from the group consisting of SEQ ID
NOs5:222 t0 225, a ight cham framework sequence 3 (VL-FR3) selected from the group consisting
of SEQ 1D NOs:226 to 249, and a hight chan framework sequence 4 {VL-FR4) selected from the
group consisting of SEQ 1D NOs:250 10 255,

{8813} The present disclosure provides for, and includes, a nucleic acid encoding a polypeptide
comprising a variable heavy chain sequence comprising heavy chain complementarity determining
regions ("HCDRs”) HCDR1 to HCDR3 sequences set forth in 8EQ ID NQOs: 4 to 6 and a heavy
chain framework sequence 1 (VH-FR1} selected from the group consisting of SEQ 1D NOs: 256 to
349, a heavy chamn framework sequence 2 (VH-FR2) selected from the group consisting of SEQ
ID NOs:350 to 353, a heavy chain framework sequence 3 (VH-FR3) selected from the group
consisting of SEQ D NOs:354 to 360, and a heavy chain framework sequence 4 (VH-FR4)
selected from the group consisting of SEQ ID NOs:361 t0 382

10014} The present disclosure provides for, and includes, a chimeric antigen receptor (CAR)
expression construct comprising nucleic acid sequences encoding a chimeric antigen receptor
{CAR) coding sequence comprising an ectodomain sequence comprising an antibody or antigen

binding fragment thereof that binds to chondroitin sulfate proteoglyecan 4 (CSPG4) comprising

L



(94

15

20

30

WO 2022/006147 PCT/US2021/039672

variable light chain sequence comprising light chain complementarity determining regions
{(“LCDRs”) LCDRT to LCDR3 sequences set forth in SEQ ID NOs: 1-3, a light chain framework
sequence 1 (VL-FR1) selected from the group consisting of SEQ 1D NQOs:153 1o 221, a light chain
framework sequence 2 (VL-FR2) selected from the group consisting of SEQ 1D NGs:222 to 225,
a light chain framework sequence 3 (VL-FR3} selected from the group consisting of SEQ ID
NQOs:226 to 249, and a light chamn framework sequence 4 (VL-FR4) selected from the group
consisting of SEQ ID NOs:250 to 255, a variable heavy chain sequence comprising heavy chain
complementarity determining regions ("HUDRs”) HCDRI to HCDR3 sequences set forth in SEQ
ID NOs: 4 o0 6 and a heavy chain framework sequence 1 (VH-FR1) selected from the group
consisting of SEQ 1D NUs:236 1o 349, a heavy chain framework sequence 2 (VH-FR2) selected
from the group consisting of SEQ 1D NOs:350 to 353, a heavy chain framework sequence 3 (VH-
FR3) selected from the group consisting of SEQ 1D NOs:354 to 360, and a heavy chain framework
sequence 4 (VH-FR4) selected from the group consisting of SEQ 1D NOs:361 to 382, a
transmembrane domain sequence, and an endodomain sequence.

{8013} The present disclosure provides for, and mcludes, a chimeric antigen receptor (CAR)
comprising: an ectodormain sequence coraprising an antibody or antigen binding fragrent thereof
that binds to chondroitin sulfate proteoglycan 4 (CSPG4) selected from the group consisting of
SEQ I3 NQOs: 28 to 65, a transmembrane domain sequence, and an endodomain sequence.

[8816] The present disclosure provides for, and includes, a nucleic acid molecule encoding a CAR
comprising an ectodomain sequence comprising an antibody or antigen binding fragment thereof
that binds to chondrostin sulfate proteoglycan 4 {CSPG4) selected from the group consisting of
SEQ 1D NOs: 28 to 65, a transmembrane domain sequence and an endodomain sequence.

[8017] The present disclosure provides for, and includes, a process for the production of an
mmune cell comprising 3 CAR comprising isojating peripheral blood mononuoclear cells
{(“PBMC37} from a donor, separating a vatural kilier T {(NKT) cells, T-cells, or nataral killer {NK}
celis from the PBMCs to prepare isolated immune cells, and expanding the 1solated immune cells
for between 1 and 20 days to prepare expanded immune cells for genetic engineering by
stimulation of an endogenous T-cell receptor and co-stimulation by costimulatory receptors,
cytokines, or a combination of both, and introducing a chimeric antigen receptor (CAR} expression
construct comprising an ectodomain sequence comprising an antibody or antigen binding fragment

thereof that binds to chondroitin sulfate proteoglycan 4 {USPG4) comprising a vanable light chain
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selected from the group consisting of SEQ ID NOs:61 to 109 and a variable heavy chain selected
from the group consisting of SEQ D N(Os:110t0 152,

{0018} The present disclosure provides for, and includes, a genetically engineered immune cell
comprising an expression construct encoding a chimeric antigen receptor (CAR) coding sequence
comprising an ectodomain sequence comprising an antibody or antigen binding fragment thereof
that binds to chondroitin sulfate protecglycan 4 (CSPG4) comprising a variable light chain
sequence comprising light chain complementarity determining regions (“LLDRs™) LCDR1
LCDR3 sequences set forth in SEQ 1D NOs: 1-3, a hight chain framework sequence 1 (VL-FR1)
selected from the group consisting of SEQ 1D NOs: 153 to 221, a light chain framework sequence
2 (VL-FR2) selected from the group consisting of SEQ ID NQOs:222 to 225, a light chain
framework sequence 3 (VL-FR3) selected from the group consisiing of SEQ 1D NOs:226 to 249,
and a light chain framework sequence 4 (VL-FR4) selected from the group consisting of SEQ 1D
N(s5:250 to 255, and a vanable heavy chain sequence comprising heavy chain complementarity
determining regions (“"HCDRs”y HCDR1 to HCDR3 sequences set forth in SEQ 1D NOs: 4t0 6,
a heavy chain framework sequence 1 (VH-FR1} selected from the group consisting of SEQ 1D
NQO«:256 to 349, a heavy chatn framework sequence 2 (VH-FR2) selected from the group
consisting of SEQ 1D NOs:350 to 353, a heavy chain framework sequence 3 (VH-FR3) selected
from the group consisting of SEQ I NOs:354 to 360, and a heavy chain framework sequence 4
{VH-FR4) selected from the group consisting of SEQ ID NOs:361 to 382, a transmembrane
domain sequence and an endodomain sequence.

[8019] The present disclosure provides for, and includes, a population of cells comprising a
plurality of genetically engineered rumune cells comprising an expression construct encoding a
chimeric antigen receptor {CAR) coding sequence comprising an ectodomatn sequence comprising
an antibody or antigen binding fragment thereof that binds to chondroitin sulfate proteoglycan 4
{CSPG4), the CAR comprising a variable light chain sequence comprising hight chamn
complementanity determining regions {("LCDRs™) LCDR1 to LCDR3 sequences set forth in SEQ
ID NQOs: 1-3, a light chain framework sequence 1 {VL-FR1} selected from the group consisting of
SEQ D NOs:153 to 221, a light chain framework sequence 2 {VL-FR2) selected from the group
consisting of SEG 1D NOs:222 1o 225, a light chain framework sequence 3 (VL-FR3) selected
from the group consisting of SEQ 1D NOs:226 to 249, and a light chain framework sequence 4

{VL-FR4} selected from the group consisting of SEG 1D N(s:250 to 255, and a variable heavy



(94

15

20

30

WO 2022/006147 PCT/US2021/039672

chain sequence comprising heavy chain complementarity determining regions {("HUDRs™)
HCDR1 to HCDR3 sequences set forth in SEQ 1D NOs: 4 to 6, a heavy chain framework sequence
1 (VH-FR1) selected from the group consisting of SEQ 1D NOGs:256 to 349, a heavy chain
framework sequence 2 (VH-FR2) selected from the group consisting of SEQ 1D N(s:350 to 353,
a heavy chain framework sequence 3 (VH-FR3) selected from the group consisting of SEQ ID
NQOs:354 to 360, and a heavy chain framework sequence 4 {(VH-FR4) selected from the group
consisting of SEQ ID NQOs:361 to 382, a transmembrane domain sequence and an endodomain
sequence.

10028} The present disclosure provides for, and includes, a method of inhibiting chondromtin
sulfate proteoglycan 4 (CSPG4)- positive cells in an individual, comprising the siep of contacting
the cells with a therapeutically effective amount of genetically engineered immune cells, wherein
the immune cells comprise a chimeric antigen receptor ({CAR) comprising an ectodomain sequence
comprising an antibody or antigen binding fragment thereof that binds to chondrottin sulfate
proteoglycan 4 (CSPG4), the antibody or antigen binding fragment comprising: a variable light
chain sequence comprising light chain coraplementarity determining regions (“"LCDRs”) LCDRI
to LLCDIR3 sequences set forth in SEQ 1D NOs: 1-3, a light cham framework sequence 1 (VL-FR1)
selected from the group consisting of SEQ 1D NOs: 153 to 221, a light chain framework sequence
2 (VL-FR2) selected from the group consisting of SEQ ID NQOs:222 to 225
framework sequence 3 (VL-FR3) selected from the group consisting of SEQ 1D NOs:226 10 249,

, a light chain
and a light chain framework sequence 4 (VL-FR4) selected from the group consisting of SEQ ID
NQOs:250 10 255, and a variable heavy chamn sequence comprising heavy chain complementarity
determining regions ("HCDRs”} HCDRI to HODR3 sequences set forth i SEQ 1D NOs: 4 to §,
a heavy chain framework sequence 1 (VH-FR1) selected from the group consisting of SEQ 1D
N(s:256 to 349, a heavy chain framework sequence 2 (VH-FR2Z) selected from the group
consisting of SEQ 1D NOs:350 to 353, a heavy chain framework sequence 3 (VH-FR3) selected
from the group consisting of SEQ 1D NQGs:354 to 360, and a heavy chain framework sequence 4
{VH-FR4} selected from the group consisting of SEQ I NGOs:361 to 382, a transmembrane
domain sequence and an endodomain sequence.

{0021} The present disclosure provides for, and includes, a method for the treatment of cancer,
comprising the step of administering to a subject in need thereof the genetically engineered

immune cells comprising a chimeric antigen receptor {CAR} that binds to chondroitin sulfate
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proteoglycan 4 {C8PG4), the CAR comprising an ectodomain sequence comprising a variable light
chain sequence comprising light chain complementarity determining regions (“LCDRs”y LCDRI
to LCDIR3 sequences set forth in SEQ 1D NOs: 1-3, a light chain framework sequence 1 {(VL-FR1})
selected from the group consisting of SEQ ID NQOs:153 to 221, a light chain framework sequence
2 {(VL-FRZ} selected from the group consisting of SEQ ID NQOs:222 to 225, a light chain
framework sequence 3 (VL-FR3) selected from the group consisting of SEQ 1D NGs:226 to 249,
and a light chain framework sequence 4 (VL-FR4) selected from the group consisting of SEQ 1D
WNOs:250 to 255, and a variable heavy chain sequence comprising heavy chain complementarity
determining regions { HCDRs™Y HCDR1I to HCDR3 sequences set forth in SEQ 1D NQOs: 410 6,
a heavy chain framework sequence 1 (VH-FR1) selected from the group consisting of SEQ 1D
NOs:256 to 349, a heavy chain framework sequence 2 {VH-FR2) selected from the group
consisting of SEQ 1D NUs:3530 to 353, a heavy chain framework sequence 3 (VH-FR3) selected
from the group consisting of SEQ 1D N(s:354 to 360, and a heavy chain framework sequence 4
{VH-FR4) selected from the group consisting of SEQ 1D NOs:361 to 382, a transmembrane
domain sequence and an endodomain sequence.

[B022] The present disclosure provides for, and includes, a kit comprising an a vector, a host cell,
or a combination thereof comprising nucleic acid sequences encoding a chimeric antigen receptor
{CAR) coding sequence comprising an ectodomain sequence comprising a variable light chain
sequence comprsing light chain complementarity determining regions (“LCDRs”} LCDR1 to
LCDR3 sequences set forth m SEQ ID NQs: 1-3, a light chamn framework sequence 1 {(VL-FR1)
selected from the group consisting of SEQ ID NOs: 153 to 221, a light chamn framework sequence
2 (VL-FR2) selected from the group consisting of SEQ ID NGs:222 to 225, a light chain
framework sequence 3 (VL-FR3) selected from the group consisting of SEQ 1D NOs:226 10 249,
and a light chain framework sequence 4 (VL-FR4) selected from the group consisting of SEQ ID
NQs:250 to 255, and a variable heavy chan sequence comprising heavy chain complementanity
determining regions ("HCDRs™} HCDRI to HUDRS sequences set forth in SEQ ID NQGs: 4 to 6,
a heavy chain framework sequence 1 (VH-FR1) selected from the group consisting of SE( 1D
N(Os:256 to 349, a heavy chain framework sequence 2 {(VH-FRZ) selected from the group
consisting of SEQ 1D NOs:350 to 353, a heavy chain framework sequence 3 (VH-FR3) selected

from the group consisting of SEQ 1D N(s:354 to 360, and a heavy chain framework sequence 4



(94

15

20

WO 2022/006147 PCT/US2021/039672

{VH-FR4) selected from the group consisting of SEQ 1D NOs:361 to 382, a transmembrane
domain sequence and an endodomain sequence.

{0023} The present disclosure provides for, and includes, a method of mantaining NKT cell
expansion potential in NKT cells expressing a chimeric antigen receptor (CAR} coding sequence
comprising an ectodomain sequence comprising an antibody or antigen binding fragment thereof
that binds to chondroitin sulfate proteoglycan 4 (CSPG) comprising light chain complementarity
determining regions {("LCDRs”) LCDR1 to LCDR3 sequences set forth in SEQ 1D NGs: 1-3 and
a light chain framework sequence 1 (VL-FR1} selected from the group consisting of SEQ 1D
NOs: 153 to 221; a light chain framework sequence 2 (VL-FR2) selected from the group consisting
of SEQ 1D NOs:222 to 225; a light chain framework sequence 3 (VL-FR3) selected from the group
consisting of SEC ID NOs: 226 to 249; and a light chain framework sequence 4 (VL-FR4) selected
from the group consisting of SEQ 1D NOs: 250 10 255; a variable heavy chain sequence comprising
heavy chain complementarity determining regions ("HCDRs”) HCDR1 to HCDR3 sequences set
forth m SEQ D NOs: 4 t0 6 and a heavy chain framework sequence 1 (VH-FR1) selected from
the group cousisting of SEQ 1D NOs:256 10 349; a heavy chain framework sequence 2 (VH-FR2)
selected from the group consisting of SEQ ID NOs:350 10 353; a heavy chain framework sequence
3 {(VH-FR3) selected from the group consisting of SEQ 1D NQOs:354 to 360; and a heavy chan
framework sequence 4 (VH-FR4) selected from the group consisting of SEQ 1D N(s:361 to 382;
a transmembrane domain sequence; and an endodomamn sequence, the method comprising
expressing a protein coding sequence comprising a transcriptional activator in the Wnt signaling
pathway, and culturing the engineered NKT celis to prepare a population of genetically enginesred
NKT cells with persistent expansion potential.

{8024} A method of reducing tonie signaling 10 mouse models 1o an scFv comprising identifying
an scFv that has tonic signaling when expressed v a mouse mmmune cell as part of a CAR,
generating as stroctural model of the scFv, and performing computational mutagenesis to prepare
a sertes of mutagenized sclFvs, calculating the free energy of the mutagenized scFvs, aligning the
mutagenized scFvs to a humanized scFv comprising framework 1.4 (FW1 .4}, identifying critical
murine residues; and introducing one or more human to mouse residue changes to increase stability

of the scFv and prepare a modified humanized scFv for use in mouse models.

BRIEF DESCRIPTION OF THE DRAWINGS
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18025} The present disclosure is disclosed with reference to the accompanying drawings, wherein:
{8026] Figure 1 presents the resulis of tonic signaling of an embodiment of CAR-T cells
expressing the CAR encoding the scFv 763.74{A) (SEQ ID NO:28) Figure 1A presents
representative plots of flow cytometry showing CAR expression in T cells as assessed at day 8 of
culture. 763.74{A)CD28 and 763.74{A}4-1BB indicate the specific CAR expressed in T cells.
Figure 1B presents quantification of IFNy released by T cells expressing control CAR (CTR),
763. 74 AYCD2E or 763.74(A)4-1BB CAR without any CAR specific activation. IFNy is measured
in supernatants collected 24 hours after plating 10° cells/well in 24 well plate in 2 mL of complete
media without cytokines. Data are presented as mean £ S, n = 10, * P=0.0184, *** P=0.0003
(CTR vs. 763.74(A)CD28) P=0.0004 (763 T4(AYCD28 vs. 763.74(A)4-1BB) paired ¢ test. Figure
1C presents guantification of IFNy released by T cells expressing control CAR (CTR),
763. 7THAYCD2EIYGF or 763.74(A}-1BBIYOF CAR without any CAR specific activation. Data
are presented as mean + SD, n = 4, Figure 1D presents representative confocal microscopy images
showing GFP aggregation in T cells expressing GFP-tagged CARSs (arrows) in which the CARs
are obtained using the seFv 763.74(A) and etther CD28 or 4-1BB endodomains. Controls CAR
{CTR) or GFP-expressing T cells. Shown are representative cells of a single field (Magnification
03X,

{8027} Figure 2 presents an alignment showing Amino acid substitutions in the FWRs of the scFv
763.74{A) that reverse tonic signaling in CAR-T cells. Figure 2A presents the Sequences of Vi
{(SEQ ID NOs:67) and Vu (SEQ 1D NOs: 110} of the scFv 763.74(A) (8EQ ID NO:28) and scFv
763.74(B) (SEQ ID NOs:68, 115 and 29 respectively). Boxes indicate the locations of the amino
acid substitutions. Figure 2B presents representative flow cytometry plots showing CAR
expression in T cells engineered with the scHv 763.74(A) and scFv 763.74(B} CARs encoding
either CD28 or 4-1BB endodomains. Non-transduced (NT) T cells are shown as a negative control.
Figure 2C presents the results of the quantification of IFNy released by T cells expressing the
different CARs without any CAR specific activation. CTR mdicate control CAR-T cells. IFNy 1s
measured in supernatants collected 24 hours after plating 10° cells/well in 24 well plate in 2 mL
of complete media without cvtokines. Data are presented as mean £ SID, n = §, *P=0.0154
763.74(A) CD28 vs. 4-1B8,; *P=0.194 763 74(A) vs. (B)4-1BB, paired ¢ test. Figure 2D presents
representative confocal microscopy images showing GFP aggregation in T cells expressing GFP-

OO D

tagged CARs in which the CARs are obtained using etther the scFv 763.74(A) or scFv 763.74(8)
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and either (D28 or 4-1BB endodomains. Shown are representative cells of a single field
{Magnification 63X).

0028} Figure 3 presents aming acid substitutions in the FWRs of the scFv 763.74{A) that
destabilize the scFv. Figure 3A presents a ribbon plot of the structural conformation of the scFv
763.74{B} generated through computational modeling with the FWR mutations shown. Figure 3B
presents select amino acid mutations evaluated for their influence on scFv 763.74(B) stability.
Mutations to scFv 763.74(B) structure having AAGwe > O are destabilizing and subsequently affect
spontaneous aggregation of the scFv in the CAR format mn T cells. Figure 3C presents the
calculated AAG of mutations at V123 (SEQ 1D NOs:256 t0 274). Figure 3D presents the calculated
AAG of mutations at E127 (SEQ ID NO:275 to 295).

18029} Figure 4 presents the results of the effect of T cells expressing the 763.74(8) CAR with
CD28 in mediating tumor elimination in a melanoma tumor model  Figure 4A presents
representative flow plots {A) and Figure 4B presents a summary of the quantification of residual
tumor cells of experiments in which control T cells (CTR) and T cells engineered with the scHv
763.74{ A) and scFv 763.74(B) CARs encoding etther CD28 or 4-1BB endodomains are cocultured
with melanoroa cell lines (E:T =1:5) for 5 days. Cells are collected and stained with the CD3 and
CD276 (B7-H3) mAbs to identify T cells and melanoma cells, respectively, by flow cytometry.
Data are presented as mean = SI, n = 6, ¥#¥*P<Q 0001, two-way ANOVA with Bonferrons
correction. Figure 4C presents an experimental schema of a melanoma xenograft model. eGFP-
FFLuc WMI115 (5 x 10° cells) are injected subcute (s.c.) and 7 days later mice are injected
ntravenous (1.v.) with control T eells {CTR) or T cells enginesred with the seFv 763.74{A) and
scFyv 763.74(B) CARs encoding either CD28 or 4-1BB endodomains (5 x 10° cells). Figure 4D
presents representative tumor bioluminescence (BLI) (scale: min = 5 x 10% max = 5 x 10%) in mice
treated according to scheme (C) Figure 4E presents a representative graph of tumor volames in
mice engrafted in (D). Dotted lines represent individual mice, and bolded solid lines represent the
mean for the group. Summary of 4 independent experiments {(n = 12 for each condition},
FEE Py G001 2, FRHFE P 0001, two-way ANOVA with Bonferront correction.

18038} Figure 3 presents the results of antitumor activity in a glioblastoma tumor model of T cells
expressing the 763.74(B) CAR with CD28 Figure SA presents the experimental schema of
glioblastoma (GBM) xenograft model. GBM-NS (1 x 10° cells} are injected into the caudate

nucleus (1.c.} and 15 days later mice are injected intratumorally with control T cells (CTR} or T
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cells engineered with the scFv 763 74{A} and scFv 763.74(B} CARs encoding either CD28 or 4-
1BB endodomains {2 x 10° cells). Tumor growth is monitored with magnetic resonance imaging
{MRI). Figures 5B to 5F present representative MRI performed with Tl-weighted images (T1-wi}
with contrast medium injection and T2-weighted images {(T2-wi) showing the pattern of tumor
progression and infiltration in mice treated as in (A}, Figure 543 presents Kaplan-Meier survival
curves of mice freated as in {A). n="7 mice/group for CTR, 763.74{AYCD28, 763.74(B)4-1BB. n
= 15 mice/group for 763.74(BYCD28 and 763.74{A4-1BB. Overall survival statistical analysis 1s
performed using the Mantel-Cox log rank test. Figure 5H presents a representative time course of
CDo6Y expression in CAR-T cells isolated from the tumor at the indicated time pomnts after
mtratumor delivery of the T cells. Data are presented as mean = 8D, n=12.

18031} Figure 6 presents the results of the effects of humanization of the FWRs of the scFv
763.74(A) on CAR tonic signaling and anti-tumor activity. Figure 6A present representative flow
cytometry plots showing CAR expression in T cells engineered with h763.74 (#2) (SEQ 1D
NO:111) and h763.74 (#5) (SEQ ID NO:114) CARs encoding CD28 (h763 74(#2)CD28 and
h763 74(#5YCD28) as assessed at day 8 of culture. Noo-transduced (NT) T cells are shown as a
negative control. Figure 6B presents a represemtative quantification of IFNy in supernatants
collected 24 hours of resting conirol (TUTR), h763. 74#2)CD28 and h763.74(#3)CD28 CAR-T
celis after plating 5 x 10° cells/well in 2 mL of medium without cytokines. Data are presented as
mean + 8D, n =6 Figure 6C presents representative flow plots of coculture experimenis in which
control (CTR) or T cells expressing either h763 74(#2)CD28 or h763.74(#5)CD28 CARs are
plated with melanoma cell lines (BT = 1.5} for 5 days. Cells are collected and stained with the
D3 and CD276 (B7-H3) mAbs to wdentify T cells and melanoma cells, respectively, by flow
cytometry. Figure 6D presents an experimental schema of a melanoma xenograft model. eGFP-
FFLuc WMI11S (5 x 10° cells) are injected subcute (s.c.} and 7 days later mice are injected
mtravenous {1.v.} with control T cells {CTR)Y or T cells engineered with 763.74(B)CD28 CAR or
H763. 74(#2)CD28 or K763 7T4(#5YCD28 CARs (5 x 10° cells). Figure 6 presents turoor BLI kinetics
of mice treated according to scheme (D). Dotted lines represent individual mice, and bolded sold
fines represent the mean for the group. Sumuvary of 2 independent experiments {(n = 10 for each
group). Figure 6F presents quantification of human CD3"CD45™ cells in the peripheral blood, liver,
and spleen at the time of euthanasia of eGFP-FFLuce WM115 tumor-beating mice treated as 1o (I3).

Data are presented as mean £ SI3, n = 6. G Percentage of CAR-T cells in the peripheral blood,

s
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sated on human CD37CD45™ cells, at sacrifice in eGFP-FFLuc WMI115 tumor-bearing mice
treated as in (D). Data are presented as mean = 8D, n= 6.

{0032} Figure 7 presents constructs and characterization of expression in T cells of CARs
generated using the scFv derived from the 763.74 antibody. Figure 7A presents diagrams of the of
763.74{A} CAR constructs. Figure 7B presents representative flow plots and summaries of CAR
expression in T cells engineered with 763 74(AYCD2Z8LY6F or 763.74(A)4-1BBLYSF CARs
assessed at day 8 of culture. Dhata are presented as mean + 8D, n=4. Non-transduced (NT} T cells
are shown as a negative control.

{0033} Figure 8 presents the characterization of T cells expressing the scFv 763.74(A) or
763.74(8) CARs in accordance with the present disclosure. Figure 7A presents a summary of CAR
expression in contral CAR-T cells (CTR) and T cells engineered with the seFv 763 74(A) and scFv
763.74(8) CARs encoding either CD28 or 4-1BB endodomains as assessed at day 8 of culture.
Data are presented as mean + S, n = & Non-transduced (NT) T cells are shown as negative
control. Figure 8B presents total cell numbers of CTR and CAR-T cells at days 6 and 10 of a
culture as indicated m (A). Data are presented as mean + 8D, n = 4. Figure 8C presents
microscopic images of representative cells showing the distribution of CAR molecules on the cell
surface of T cells expressing GFP-tagged 763.74(AYCD28, 763 74{A}-1BB, 763 74(B)YCD28 and
763.74(B)¥4-1BB CARs. Shown are representative images of a single field of view taken via
confocal microscopy (magmnification, 63X). Figure 8D presents a distribution of GFP-tagged CAR
molecides on the cell surface of T cells as i {C) after cross-linking of CARs mediated by an anti-
idiotype antibody. Shown are representative images of a single field of view taken via confocal
microscopy (magnification, 63X). Figure 8 presents a graph showing a cell subset composttion
of CTR and CAR-T cells indicated in {A) at day 10 of culture as assessed by flow cytometry. Data
are presented as mean + SD, n = 4. Figure 8F i3 a representative graph presenting the expression
of exhaustion-associated markers in CTR and CAR-T cells mdicated 1n (A) at day 10 of culture as
assessed by flow cytometry. Data are presented as mean+ SD n=4

{6034} Figure 9 presents the evaluation of amino acid mutations for their influence on the statulity
of the scFv 763.74(B}. Figure 9A presents the change in free energy (AAG) of mutations at position
3 of 763.74(A)V-light (SEQ 1D NOs:159 to 1831 at posttion 3). B. AAG of mutations at T5 (SEQ
ID NOs: 184 10 202). C. AAG of mutations at A9 (SEQ 1D NOs:203 10 221). B, AAG of mutations
at E83 {SEQ 1D NOs:232 to 249). E. AAG of mutations at Q124 {SEQ 1D N{Os:256 to0 274). F.
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AAG of mutations at V126 (SEQ 1D NOs:315 to 333). G AAG of mutations at L230 (SEQ 1D
NQOs:276 to 295).

{0035} Figure 10 presents the representative results of Antitumor activity of T cells expressing
scFv 763.74( A} and scFv 763.74(B} CARs. Figure 10A presents the expression of the chondroitin
sulfate proteoglycan 4 (CSPG4) antigen in melanoma cell lines assessed by flow cytometry.
Dotied and solid lines represent the isotype and CSPG4 mADbs respectively. Figure 10B presents
representative results of the quantification of IFNy and I1-2 production in the supernatant
collected after 24 hours of coculture of control CAR-T cells (CTR}) and T cells engineered with
acHv 763 74(A) and scFv 763.74(B)y CARs encoding either CD28 or 4-1BB endodomains with
melanoma cell lines (E:'T = 1.5}, Data are presenied as mean + 8D, n = 3. Figure 10C presents
representative results of the Tumor BLI kinetics of mice engrafted s.c. with eGFP-FFLuc WM115
tamor cells (5 x 107 cells/mouse} and treated 7 days after with CTR or T cells expressing scFv
763.74(A) and scFv 763.74(B) CARs encoding either CD28 or 4-1BB endodomains (5 x 10°
cells/mouse}. Dotted lines represent individual mice, and bolded solid lings represent the mean for
the group. Summary of four independent experiments (n= 12 for each condition), *#** <0.0001,
two-way ANOVA with Bonferroni’s correction.

10036} Figure 11 presents representative results of T cells expressing the 763.74(B) CAR encoding
D28 showing the elimination of most of the GBM-NS at earliest time points. Figure 11A s a
summary of the quantification of tumor cells at different time points {2, 4, 6 and 24 hours) in
representative experiments in which control {CTR) and cells expressing scFv 763 74(A) and sckFv
763.74(B) CARs encoding either CD28 or 4-1BB endodomain are cocultured with GBM-NS (E:'T
=1:5). Data are presented as mean = 8D, n =35, Figure 11B presents representative FSC-88C dot
plots of CAR-T cells after two hours in co-cuiture with GBM-NS. CAR-T cells and tumor cells
are measured by evaluating the percentage of CD4S and CSPG4d-expressing cells, respectively.
Figure 11C presents a graph of representative flow cytometry stacked histograms of CDGO
expression in CAR-T cells cocultured with GBM-NS,

[8037] Figure 12 presents the humanization process of the sclv 763.74{A) and testing of mutants.
Figure 12A presents the ScFv humanization and engineering work-flow. Figure 12B presents
representative binding results of humanized scFvs B763.74(#2), h763.74(#3), h763.74(#4) and
R763.74(#5) analyzed by flow cytometry. CSPG4™ MDA-MB-231 and CSPG4 MDA-MB-468 are

incubated with the scFvs (10 pug/ml), followed by staining with protein-L-biotin (0.3 pg/ml) and
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phycoervthrin-labelled streptavidin {SAV-PE).  Figure 12C presents a summary of CAR
expression in CTR T cells and in T cells generated using different h763.74 CARs as assessed at
day 8 of culture. Data are presented as mean + S, n = 3. Non transduced (NT) T cells are shown
as a negative control. Figure 12D presents a summary of the quantification of residual tumor cells
of expertments in which control (C'TR) or different types of h763.74 CAR-T cells were cocultured
with the WM155 melanoma cell line (E:'T = 1:5} for 5 days. Data are presented as mean + SD, n
= 3 Cells are then collected and stained with the D3 and D276 (B7-H3) mAbs to wdentify T
cells and melanoma cells, respectively by flow cytometry. Figure 12F presents the quantification
of IFNy and IL-2 production in the supernatant collected after 24 hours of coculture tllustrated in
(D) (B:T = 1.5). Data are presented as mean + 8D, n=§,

{0038} Figure 13 presents the amino acid sequences and representative stability analysis of
humanized scFvs. Figure 13A presents the sequences of the of Vi (SEQ 12 NO.6% and 72) and Va
{(SEQ ID NO.72 and 114 ) chaimns of humanized scFvs W763.74(#2) {(SEQ 1D NO37) and
h763.74(#5) {(SEQ 1D NO:S7). Amino acid substitutions (human to murine) are boxed. Figure
138 presents representative resulis of the physical stability of humanized scFvs. h763 74{(#2) and
h7063.74(#5) proteins formulated in PBS at Img/ml and stored at 4°C and 37°C for 2 days. The
percentage of monomers is analyzed by analytical HPLC.

[8039] Figure 14 presenis representative results of antitumor activity of T cells expressing
humanized scFv 763.74-based CAR constructs. Figure 14A present a summary of CAR expression
m control T cells (CTR) and in T cells generated using h763 . 74(#2)CD28 and h763.74(#5)CD28
CARs as assessed at day 8 of culture. Data are presented as mean + 8D, n =10, Figure 148 presents
a summary of the quantification of residual tumor cells in experiments in which CTR,
K763 74(#2)CD28 and h763. 74#5YCD28 CAR-T cells are cocultured with melanoma cell lines
{E:T = 1.5 for § days. Data are presented as mean = 8D, n = 4/6. Cells are collected and stained
with the CD3 and CD276 (B7-H3) mAbs to wdenttfy T cells and melanoma cells, respectively by
flow cytometry. Figure 14C presents representative results of the quantification of IFNy and IL-2
production in the supernatant collected after 24 hours of the coculture illustrated in (B} (ET =
1:5}. Data are presented as mean + SD, n=35. Figure 14D presents representative results of tumor
BLI {color scale: min = 5 x 10° max = 5 x 10%) of mice engrafted s.c. with eGFP-FFLuc WM115
tumor cells (S x 10° cells/mouse) and treated 7 days after with control CART cells (CTR) and T

cells expressing the h763.74(#2)CD28 or h763.74(#5)CD28 CARs (5 x 10° cells/mouse). Figure
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14E presents a representative quantification of human CD37CD45" cells in the peripheral blood
collected at different time points in WMI11S tumor-bearing mice treated with CTR,
h763 74(#2)CD28 or h763.74(#5)CD28 CAR-T cells (Bay 13: n =15, day 25, 31 and 43: n = 5},
Data are presented as mean & SD, n = 5. Figure 14F presents that percentage of PD-17 cells, gated
on human CD37CD45™ cells, in the peripheral blood collected at different time points as in (E)
{Day 13: n = 15, day 25, 31 and 43. n = 5} of a representative experiment. Data are presented as
mean = S, n= 5. Figure 14 presents the percentage of PD-17 cells, gated on human CD37CD457
cells, in the peripheral blood, liver, and spleen at sacrifice as m (£} of a representative experiment.

Data are presented as mean = SD, n=6 - 10.

DETAILED DESCRIPTION

{80407 CAR tonic signaling as originally defined, attributes negative effects in T cells and mn
particular canses poor antitumor effects due to rapid exhaustion. See Long ef af (2015}, Our data
in vitro and in vivo support this concept. Remarkably, in our xenograft models correction of the
stability of the scFv and abrogation of the CAR tonic signaling enhanced significantly the
antitumor effects of CAR-T cells encoding the CD28 endodomain that show rapid antitumor
effects. This observation 1s in line with previous work suggesting that 4-1BB show slow antitumor
effects that can be mechanistically related to our recent finding that 4-1BB attenuates CAR-CD3y
signaling by recruiting a phosphatase complex in the CAR synapse. See Zhao er ol “Structural
Design of Engineered Costimulation Determines Tumor Rejection Kinetics and Persistence of
CAR T Cells,” Cancer Cell 28:415-428 (2015); Sun et af, “THEMIS-SHP1 Recruttment by 4-
IBB Tunes LCK-Mediated Priming of Chimeric Antigen Receptor-Redirected T Cells. Cancer
Cell 37(2¥216-225 {2020} ("Sun et al. 20207}, Furthermore, we would like to suggest that tonic
signaling determined as spontaneous release of IFNy by CAR-T cells due to self-aggregation of
the scfFv should be considered as a distingt phenomenon from the spontaneous proliferation of
CAR-T celis. See Frigault er al., “Tdentification of chimeric antigen receptors that mediate
constitutive or inducible proliferation of T cells,” Cancer Imnumol. Res. 3:356-367 (2015). The
fatter may be instead a positive attribute of the CAR-T cells that may persist in the absence of an
immediate antigen stimulation especially in patients with solid tumors in whom turoor celis are
not massively accessible in the peripheral blood. Spontaneous proliferation and enhanced survival

of CAR-T cells encoding 4-1BB may be due to sustained NF-KB pathway, rather than proximal
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CAR signaling, and this phenomenon requires further studies to be fully mechanistically defined.
See Gomes-Silva ef ol “Tonic 4-1BB Costimelation in Chimeric Antigen Receptors Impedes T
Cell Survival and Is Vector-Dependent,” Cefl Rep. 21:17-26 (2017}, Li ef af, “4-1BB
enhancement of CAR T function requires NF-kappaB and TRAFs,” JCI Insight. 3 (2018}, and
Philipson ef af., “4-1BB costimulation promotes CAR T cell survival through noncanonical NF-
kappaB signaling,” Sci. Signal 13 (20620}

{00841} Chimeric antigen recepior {CAR} tonic signaling defined as the esus activation and release
of proinflamatory cytokines by T cells genetically grafted with a CAR 1s considered a negative
attribute since 1t leads to immune cell exhaustion and poor antitumor effects. Unstable murine
scFvs cause self-aggregation and murine sequences can induce immune responses in human
subjects. Here we demonstrated that the mstability of the scFv is critical in causing tonic signaling
when the scFv is assembled into the CAR format and the CAR is expressed in T cells.
Furthermore, we proved that tonic signaling can be corrected etther by the substitution of the amino
acids causing instability within the murine FWRs of the scFv or humanization of the FWRs.
Correction of the tonic signaling enhances the antitumor effects of the CAR-T cells.

[9942] Here, we report that CAR tonic signaling 15 caused by the intrnsic wnstabiliy of the
monocional antibody single chain Fv that promotes self~aggregation and signaling via CD3 vy chain
mnchuded into the CAR. This phenomenon s detected in CAR encoding either CD28 or 4-1BB
costimnulatory endodomains. Tnstability of the monoclonal antibody single cham Fv 1s caused by
specific amino acids within the framework regions that can be dentified by computational
modeiing, Substitutions of the amino acids cansing instability or humanization of the framework
regions correct tonic signaling of the CAR without causing modification of the antigen specificity
and enhance the antibumor effects of CAR-T cells.

{8843} Here we demonstrate that an unstable scFv causes self-aggregation of CAR molecules
leadimg to CAR tonic signaling in T cells. The CSPG4-specific CAR we have generated uses a
murine scFv from the 763.74 mAb.  This scFv expressed wn E.coli showed a tendency to
aggregation and the scFv was not producible in a soluble form.

18044} Here we show that the instability of the scFv is the exclusive cause of self-aggregation and
tonic signaling of the CAR since modeling driven specific amino acid substitutions within the
FWRs that stabilize the scFv abrogate the CAR tonic signaling. The results presented below

demonstrate through structural and functional analysis that the instability of the scFv causes CAR
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self-ageregation and tonic signaling. Amino acid substitutions or humanization of the FWRs
abrogate the tonic signaling and enhance the functionality of CAR-T cells.

{0045} Employing computational mutagenesis, facilitated by Eris too! to delineate the effect of
FWR mutations on the structure of the scFv 763.74(A). Computational modeling demonstrates
how amino acid substitutions within the FWRs affect the stability of the scFvs indicating that
computational analyses can be implemented to assess and correct the stability of scFv without
affecting their specificity. Finally, we demonstrate that substituting the murine FWRs with a stable
human FWRs such as the framework tFW1.4 also corrected CAR tonic signaling without
modifying the antigen specificity. See Borras et al |, “Generic approach for the generation of stable
humanized single-chain Fv fragments from rabbit monoclonal antibodies,” J Riol Chem.
285:9054-9066 (2010). The stable human framework rFW1.4 can accommodate CDRs of
different origin and allows analyses of soluble scFv proteins to assess their physicochemical
stability. This approach thus can be used to select scFvs with optimal physical and binding
properties to design CARs. Taken together, the data suggest that stable and monomeric scFvs are
applicable to generate CARs that avowd antigen-independent tonic signaling. Sclvs engineered
with the human framework tFW 1.4 may also have a low likelihood for immunogenicity and could
potentially be repeatedly 1nfused to the patients with full efficacy.

[8646] Cur data indicate that using CARs in which the only difference 1s represented by the
intracytoplasmic tail of the costimulatory endodoman, both CD28 and 4-1BB caused tonic
signaling.

[8047] Importantly, stabilization of the scFv abrogated tome signaling regardless of the
costimulation used within the CAR mndicating that an unstable scFv can be rescued by either
mutations or hurmnanization of the FWRs and that both CDZ8 and 4-1BB costimulation can be used.
[0048] Here we show that amino acid substitutions into the FWRS can stabilize the scFv and
correct the tomce signaling of the CAR. We additionally show that substitution of the murine FWRs
with stable human FWRSs also prevents antigen-independent activation of CAR-T cells. Thus, we
localize the cause of CAR tonic signaling to the unstable scFvs used for the CAR construction and

provide structure-based strategies to correct tonic signaling.

6049} Overall, we demonstrate that tomc signaling of a CAR is due to self~aggregation of an

unstable scFv and that 1t can be abrogated by stabilization of the FWRs of scFv obtaimed by aming
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acid substitutions or humanization. Correction of the scFv stability and elimination of CAR tonic
signaling enhance the antitumor effects of CAR-T cells.

{0058} The present disclosure provides for, and includes, binding members having binding
specificity to chondroitin sulfate proteogiycan 4 (CSPG4) (Gene 1D 1464 (human) and 121021
{mouse)).

{80581} As used herein, a binding member normally comprises an antibody VH and a2 VL domain.
VH domains of specific binding members are also provided for use in the invention. Within gach
of the VH and VL domains are complementarity determining regions, ("CDRs", “HCDRs” and
“LLDRs” respectively) , and framework regions, (“FRs”, “VH-FRs” and “VL-FRs” respectively).
A VH domain comprises HCDRI to HCDR3, and a VL domaimn comprises a LCDR1 to LCDR3.
An antibody molecule may comprise an antibody VH domain comprising a VH CDR1, CDRZ and
CDR3 and framework sequences VH-FR1 to VH-FR4. It may alternatively or also comprise an
anttbody VL domain comprising a VL CDRY, CDR2 and CDR3 and a framework sequences Vi~
FR1 to VL-FR4 Al VH and VL sequences, CDR sequences, sets of CDRs and sets of HCDRs
and sets of LCDRs disclosed herein represent embodiments of a specific binding member. As
described heren, a “set of CDRs” comprises CDRI, CDR2 and CDR3. Thus, a set of HCDRs
refers to HCDRI, HCDR2 and HCDR3, and a set of LCDRs refers to LCDRI, LCDR2Z and
LCDR3. As used herein, framework sequences can be obtained from any source including but not
fimited to mouse, human, rabbit, and rat. In aspects, the framework sequences are modified to
comprise sequences from two species. In aspects, the framework sequences are modified human
framework sequences with one or more modifications 1o introduce the mouse residue to increase
stability.  Such modified humanized frameworks enable the use of the same construct 1n both
mouse and human cells.

[0052] As used herein, the binding members comprise light chain complementarity determining
regions ("LCDRs”Y LCDRT to LCDR3 sequences as set forth in SEQ [D NGs:1-3 and heavy chain
y HCDR1Y to HCDR3 sequences as set forth m

J

complementarity determining regions {“HCDRs”
SEQ ID NOs:4 10 6.

10053} The present disclosure provides for, and includes, binding members having binding
specificity to chondroitin sulfate proteoglycan 4 {CSPG4) and comprise the framework sequences.
In aspects, the light chain frameworks sequences {"VL-FR”} are selected from the group consisting

of SEG ID NOs:153 to 255, where fight chain framework sequence 1 (VL-FR1) 18 selected from
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the group consisting of SEQ ID NQOs:153 to 221, light chain framework sequence 2 (VL-FR2} s
selected from the group consisting of SEQ ID NOs: 222 10 225, light chain framework sequence 3
{(VL-FR3) 1s selected from the group consisting of SEQ 1D NOs:226 t0 249, light chain framework
sequence 4 (VL-FR4) is selected from the group consisting of SEQ ID NOs: 250 10 255, In aspects,
the heavy chain framework sequences (“"VH-FR”} are selected from the group consisting of SEQ
1D NOs:256 1o 382, where heavy chain framework sequence T {VH-FR1) is selected from the
group consisting of SEQ 1D NOs:256 to 349, heavy chain framework sequence 2 {VH-FR2) 1s
selected from the group consisting of SEQ 1D NOs:350 to 353, heavy chain framework sequence
3 (VH-FR3) 15 selected from the group consisting of SEQ 1D NOs:354 to 360, and heavy chain
framework sequence 4 (VH-FR4) is selected from the group consisting of SEQ 1D NOs:361 1o
382.

{0054] The present disclosure provides for, and includes, a binding member having a binding
specificity to CSPG4 wherein light chain framework sequence 1 {VL-FR1) s selected from the
group consisting of SEQ 1D NOs: 153 to 138, Light chain framework sequence 2 (VL-FR2) 15
selected from the group consisting of SEQ ID NOs: 222 to 225, light cham framework sequence 3
{VL-FR3) 1s selected from the group consisting of SEQ 1D NOs: 226 10 231, light chain framework
sequence 4 (VL-FR4) 15 selected from the group consisting of SEQ 1D NGs:250 to 255, heavy
chain framework sequence 1 {VH-FR1) 15 selected from the group consisting of SEQ 1D NQOs:347
t0 349, heavy chain framework sequence 2 (VH-FR2} 1s selected from the group consisting of SEQ
ID NOs:350 to 353, heavy chain framework sequence 3 {(VH-FR3) 15 selected from the group
consisting of SEQ ID NOs:354 to 360, and heavy chain framework sequence 4 (VH-FR4) 1
sefected from the group consisting of SEQ ID NOs:361 to 362, In aspects, the variable light chaimn
sequence 1s selected from the group consisting of SEQ 1D NQOs:69 to 72 and the variable heavy
chain sequence selected from the group consisting of SEQ 1D NOs: 111 to 114, In an aspect, the
variable light chain sequence ts SEQ ID N(O:69 and the vanable heavy chain sequence 1s SEQ ID
NG:111. In an aspect, the varable hight chan sequence s SEQ ID NG:70 and the variable heavy
chain sequence is SEQ 1D NO:112. In an aspect, the variable light chain sequence 15 SEQ ID
N(G:71 and the variable heavy chain sequence s SEQ 1D NO: 113, In an aspect, the vaniable fight
chain sequence is SEQ 1D NO:71 and the variable heavy chain sequence 1s SEQ 1D NO: 114
[0055] The present disclosure provides for, and includes, nucleic acid sequences encoding

polypeptides having a binding specificity to CSPG4 wherein the variable light chain sequence
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selected from the group consisting of SEQ D NQs:67 to 109 and a variable heavy chain sequence
selected from the group consisting of SEQ 1D NOs: 110 to 152, In aspects, the variable light chain
sequence is selected from the group consisting of SEQ 1D NQOs:69 to 72 and the variable heavy
chain sequence selected from the group consisting of SEQ ID NOs:111 to 114, In an aspect, the
variable light chain sequence is SEQ 1D NO:69 and the variable heavy chain sequence is SE(Q 1D
NG:111. In an aspect, the variable light chain sequence is SEQ 1D NG:70 and the variable heavy
chain sequence is SEQ ID NO:112. In an aspect, the variable light chain sequence 15 SEQ 1D
NO:71 and the variable heavy chain sequence is SEQ 1D NG 113, In an aspect, the varable hight
chain sequence is SEQ ID NO:71 and the variable heavy chain sequence 1s SEQ ID NO: 114

{6636} In aspects, the nucleic acid sequence encodes polypeptides comprising a variable light
chain sequence comprising light chain complementarity determining regions (“LCDRs”y LCDRI
to LCDR3 sequences set forth in SEQ D NOs:1-3 and a light chain framework sequence 1 (VL-
FR1) selected from the group consisting of SEQ 1D NQOs:153 1o 221, a light chain framework
sequence 2 {VL-FR2) selected from the group consisting of SEQ 1D NOs:222 to 225, a light chain
framework sequence 3 (VL-FR3) selected from the group consisting of SEQ 1D NOs:226 to 249
and a light chain framework sequence 4 (VL-FR4) selected from the group consisting of SEQ ID
NOs:250 to 255, In an aspect, the variable hight chain sequence 15 SEQ 1D NO:6%9. In anocther
aspect, the variable light chain sequence 1s SEQ ID NG:70. In an aspect, the variable hight chain
sequence is SEQ ID NG:71. o an aspect, the variable light chain sequence 1s SEQ ID NO:72. In
another aspect, the variable light chain sequence 13 SEQ 1D NO:73. In an aspect, the variable light
chain sequence 13 SEQ ID NO74. In an aspect, the variable light cham sequence s SEQ 1D
NO:76, In another aspect, the variable light chain sequence 15 SEQ ID NOG:77. In an aspect, the
variable light chain sequence 15 SEQ ID NO78. In an aspect, the variable hight chain sequence 13
SEQ ID NO79. In another aspect, the variable hight chain sequence 13 SE(Q D NO:80. In an
aspect, the vanable light chan sequence 18 SEQ ID NO:83. In an aspect, the variable light cham
seqguence 15 SEQ ID N(O:26. In another aspect, the variable light chan sequence 1s SEQ ID NG:97.
In an aspect, the variable light chain sequence 15 SEQ ID NG 102, In an aspect, the variable light
chain sequence is SEQ ID NO:103. In another aspect, the variable light chain sequence is SE(Q
1D NO:104. In an aspect, the variable light chain sequence 1s SEQ ID NG:105. In an aspect, the
variable light chain sequence 1s SEQ ID N(:106. In another aspect, the vanable light chain

sequence 1s SEQ 1D NO107. In aspects, the nucleic acid sequences encoding a variable light
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chain sequence can be combined with a nucleic acid sequence encoding a heavy chain sequence
selected from the group consisting of SEQ ID N(Os: 110 to 152.

180657} In aspects, the nucleic acid sequence encodes polypeptides comprising a heavy chain
sequence comprising heaving chain complementarity determining regions HCDRI to HCDR3
sequences set forth in SEQ 1D NOs:4 to 6 and a heavy chain framework sequence 1 {VH-FR1}
selected from the group consisting of SEQ 1D NOs:256 to 349, a heavy chain framework sequence
2 {VH-FR2) selected from the group consisting of SEQ I3 NGOs:350 to 353, a heavy chain
framework sequence 3 (VH-FR3) selected from the group consisting of SEQ 1D NOs:354 to 360;
and a heavy chain framework sequence 4 (VH-FR4) selected from the group consisting of SEQ
1D NOs:361 t0 382 In an aspect, the variable heavy chain sequence 1s SEQID NO: 111, Inanother
aspect, the variable heavy chain sequence 1s SEQ D NG:112. In an aspect, the variable heavy
chain sequence 1s SEQ 1D NO:113. In an aspect, the variable heavy chain sequence is SEQ ID
NO:114. In another aspect, the variable heavy chain sequence is SEQ 1D NO: 115, In an aspect,
the variable heavy chain sequence 15 SEQ 1D NO:116. In an aspect, the variable heavy chain
sequence is SEQ ID NG:117. In another aspect, the variable heavy chain sequence is SEQ 1D
NO:118. In av aspect, the variable heavy chain sequence 18 SEQ ID NO:1192. In an aspect, the
variable heavy chain sequence 1s SEQ ID NO:120. In another aspect, the variable heavy chain
sequence s SEQ 1D NO:121. Inan aspect, the variable heavy chain sequence i1s SEQ 1D NG:122.
In an aspect, the variable heavy chain sequence 13 SEQ ID NG 123, In another aspect, the variable
heavy chain sequence is SEC ID NOUI35. Inan aspect, the variable heavy chain sequence is SEQ
I3 NO136. Inan aspect, the variable heavy chain sequence 1s SEQ 1D NG: 137, Inanother aspect,
the varable heavy chain sequence 13 SEQ 1D NOGU138. In an aspect, the vanable heavy chain
sequence 18 SEQ ID NO145. In aspects, the nucleic acid sequences encoding a variable heavy
chain sequence can be combined with a nucleic acid sequence encoding a Hght chain sequence
selected from the group consisting of SEQ ID N(s:67 to 109

[B058] The present disclosure provides for, and inchides, chimeric antigen receptors (“CARs™)
and expression constructs for CARs having a binding specificity to chondroitin sulfate
proteoglycan 4 {CSPG4). As provided herein the CDR regions are as set forth above.

{8059} The term “chimeric antigen receptor” or “CAR,” as used herein, refers to an artificial T
cell receptor that is engineered (o be expressed on an immune effector cell and specifically bind

an antigen. In aspects, CARs comprise and ectodomain, a transmembrane domain, and an
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endodomain. In aspects, an additional “spacer” or “hinge region” 1s included in the CAR. In
certain aspects, a CAR can comprise an ectodomain and transmembrane domain without an
endodomain, but more CARs of the present application include the endodomain and provide for
mtracellular signaling.

{0068} As used herein, the term “ectodomain” refers to the extracellular portion of a CAR and
encompasses a signal peptide, an antigen recognition domain {e.g., binding member), and a spacer
or hinge region that links the antigen recognition domamn o the transmembrane domain. When
expressed, the signal peptide may be removed, typically using the endogenous cellular pathways.
10061} As used herein, an “antigen recognition domain” generally comprises a single chain
variable fragment (scFv) specific for a particular cancer antigen. In some aspects, where there are
two or more CARSs in the same cell, the second CAR may comprise an scFv specific for another
particular antigen.

10062} As used herein, the term “single-chain variable fragment” or “scFv” 15 a fusion protein of
the variable regions of the heavy (VH} and light chains (VL) of an immunoglobulin covalently
Hnked to form a VHI VL beterodimer. The heavy (VH) and light chains (VL) are either joined
directly or joined by a peptide-encoding linker {e.g, 10, 135, 20, 25 anuno acids), which connects
the N-terminus of the VH with the C-terminus of the VL, or the C-terminus of the VH with the N-
terminus of the VL. The linker ts usually rich in glycine for flexibility, as well as serine or
threonine for solubility. A suitable, but non limiting example 1s SEQ 1D NG:11. Despite removal
of the constant regions and the introduction of a linker, scFv proteins retain the specificity of the
original immumoglobulin. Single chain Fv polypeptide antibodies can be expressed from a nucleic
acid mchuding VH- and Vi-encoding sequences as described by Huston, ez af. (Proe. Nat. Acad.
Sci. USA, 85:5879-5883, 1988). See, also, 1.S. Pat. Nos. 5,091,513, 5,132,405 and 4,956,778;
and U.S. Patent Poblication Nos. 20050196754 and 20050196754, Suitable VH and VI encoding
sequences are identified above.

{8063} As used herein, a “spacer” or “hinge region” 1s an optional linker portion of the
recombinant protein further that is a short peptide fragment between the transmembrane domain
and the antibody recognition domain. The spacer or hinge region can be between 1 and 20 amino

acids. Examples of hinge regions for the ectodomain include the CHZCH3 region of

immunoglobulin, the hinge region from [gG1, and portions of T3,
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10064} As used herein, a “transmembrane domain” is a region of predominantly nonpolar amino
acid residues that when the protein is expressed, traverses the bilayer at least once. Generally, the
transmembrane domain is encoded by 18 to 21 amino acid residues and adopts an alpha helical
configuration. As used herein, the transmembrane domain may be of any kind known in the art.
In aspects the transmembrane domain is selected from the group consisting of CD28 (Gene [D:940,
12487y, CD3- { {(Gene ID:919;12503 CD247 ), C4 (Gene 113920, 12504}, CD8 (Gene 113:924,
12525 3, CM6 (Gene 1D:2214; 14131, Fegr3 3, NKp44 {Gene 1D:9436, NURZ), NKpd6 (Gene
1:9437, 17086, NCR1 ), and NKGIZd (Gene 1D:22914;27007 KLRKI ). In aspecis the
transmembrane domain is the CD28 (Gene 1D:940, 12487) transmembrane domain.

[8965] As used herein, the term “endodomain” refers to the intracellular domain of a CAR that
provides for signal transnission in a cell. Generally, the endodomain can be further divided mnto
two parts, a stimulatory domain and optionally, a co-stimulatory domain.  In aspects, the
endodomain sequence is selected from the group consisting of CD28 {Gene ID:940), TNF receptor
superfamily member 9 {(Gene ID 3604, e.g., 4-1BB or CD137), CD247 (Gene [D 919, CD3-{),
2B4 (Gene 351744, CD244), Interleukan 21 (JL-21, Gene 1D 59067}, hematopoietic cell signal
transducer (HCST, Gene ID 10870 e.g., DAP10), and transmembrane immune signaling adaptor
{TYROBP, Gene 1D 7305; DAP1Z). The most coromonly used endodomain component 1s CD3-
zeta that contains 3 ITAMSs and that transoits an activation signal to the NKT cell after the antigen
is bound. Another commonly used endodomain 1s the TNF receptor superfamily member 9 (Gene
133604, e.g., 4-1BB or CD137) endodomain. Other suitable stimulatory domains can be obtamed
from 2B4 (D244}, TNF receptor superfamily member 9 (Gene [D 3604, e.g., 4-1BB or CD137),
Interlevlan 21 (JL-21, Gene ID 59067}, hematopotetic cell signal transducer (HCST, Gene ID
10870 e.g., BAPI0), and transmembrane immune signaling adaptor (TYROBP, Gene 1D 7305;
DAP12).

8066} The present disclosure provides for, and mchudes, nucleic acid expression constructs
encoding chimeric antigen receptors ("CARs”) and CAR protemns produced therefrom, having a
binding specificity to chondroitin sulfate proteoglycan 4 (CSPG4A) comprising an ectodomain, a
transmembrane domain sequence and an endodomain sequence. In aspects, the ectodomain
variable light chain sequence comprises LCDRI to LCDR3 sequences set forth in SEQ ID NQOs:
1-3 and HCDRI to HCDR3 set forth in SEQ D NOs:4 o0 6. As provided herein, ectodomain

comprises light chamn framework sequence 1 {(VL-FR1} sefected from the group consisting of SEQ
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iID NOs:153 to 221, light chain framework sequence 2 (VL-FR2) selected from the group
consisting of SEQ 1D NQOs:222 to 225, light chain framework sequence 3 {VL-FR3) selected from
the group consisting of SEQ 1D NOs:226 to 249, and light chain framework sequence 4 (VL-FR4)
selected from the group consisting of SEQ 1D NOs: 250 to 255, As provided herein, ectodomain
comprises heavy chain framework sequence 1 (VH-FR1) selected from the group consisting of
SE( 113 NOs:256 to 349, heavy chain framework sequence 2 (VH-FRZ) selected from the group
consisting of SEQ 1 N(s:350 to 353, heavy chain framework sequence 3 (VH-FR3} selected
from the group consisting of SEQ 1D NOs:354 to 360, and heavy chain framework sequence 4
{VH-FRA4) selected from the group consisting of SEQ 1D NOs:361 t0 382, The CARs of the present
disclosure include a variable light chain sequence selected from the group consisting of SEQ 1D
NOs:67 to 109 and a variable heavy chain sequence selected from the group consisting of SEQ 1D
NOs: 110 to 152, In aspects, the ectodomain comprises an scFv polypeptide sequence selected
from the group consisting of SEQ 1D NOs:28 to 66. In an aspect, the ectodomain comprises an
scFv polypeptide sequence of SEQ 1D NO:28. In an aspect, the ectodomain comprises an scFv
polypeptide sequence of SEQ ID NO:34. Iu an aspect, the ectodomain comprises an sclfy
polypeptide sequence of SEQ ID NO:46  In an aspect, the ectodomam comprises an scFv
polypeptide sequence of SEQ ID NG:47. In an aspect, the ectodomain comprises an scFv
polypeptide sequence of SEQ ID NG:57.

[8867] The nuclewc acid expression constructs encoding chimeric antigen receptors {("CARS”), and
CAR proteins produced therefrom, having a binding specificity to chondroitin sulfate proteoglycan
4 {CSPG4) comprising an ectodomain, a fransmembrane dormain sequence and an endodomain
sequence comprise transmembrane domains selected from the group consisting of CDZB (Gene
12:940, 12487y, CD3- { (Gene 113:919;12503 CD247 ), CD4 (Gene ID:920, 12504), CD8 {Gene
i3:924, 12525 3, CD16 (Gene [D2:2214; 14131; Fegr3 ), NKp44 (Gene 1139436, NCR2), NKpd6
{Gene 1D:9437, 17086, NCR1 ), and NEKG2d (Gene 1D:22914;27007 KLRK1). In an aspect the
transmembrane domain s the CD28 transmembrane domain and the ectodomam 13 selected from
the scFv sequences selected from the group consisting of SEQ H» NQOs: 28 to 66. In an aspect the
transmembrane domain is the C3- { transmembrane domain and the ectodomain is selected from
the scFv sequences selected from the group consisting of SEQ 1D NOs:28 to 66. In an aspect the
transmembrane domain is the CD4 transmembrane domain and the ectodomain 1s selected from

the scFv sequences selected from the group consisting of SEQ 1D NOs:28 to 66. In an aspect the
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transmembrane domain is the CD8 transmembrane domain and the ectodomain 1s selected from
the scFv sequences selected from the group consisting of SEQ 1D NOs: 28 to 66. In an aspect the
transmembrane domain is the CD16 transmembrane domain and the ectodomain is selected from
the scFv sequences selected from the group consisting of SEQ 1D NOs:28 to 66. 1n an aspect the
transmembrane domain is the NKp44 transmembrane domain and the ectodomain is selected from
the scFv sequences selected from the group consisting of SEQ 12 NOs:28 to 66. In an aspect the
transmembrane domain is the NKp46 transmembrane domain and the ectodomain s selected from
the schFv sequences selected from the group consisting of SEQ ID NOs: 28 to 66. In an aspect the
transmembrane domain 15 the NKG2d transmembrane domain and the ectodomain is selected from
the scFv sequences selected from the group consisting of SEQ ID NOs:28 to 66. The ectodomain
and transmembrane domains may be combined with any one of the endodomain sequences selected
from the group consisting of CD28 (Gene 1D:940), TNF receptor superfamily member 9 (Gene ID
3604, e.g, 4-1BB or CDI37), CD247 (Gene ID 919, CD3-0), 2B4 (Gene 11351744, CD244),
Interlevkin 21 (1L-21, Gene [D 59067), hematopoietic cell signal transducer (HCST, Gene 1D
10870 e.g., BAP10), and transmembrane 1mmune signaling adaptor (TYROBP, Gene 1D 7305;
DAPLIZ)

[8668] The nucleic acid expression constructs encoding chimeric antigen receptors (“CARS”), and
CAR proteins produced therefrom, having a binding specificity to chondroitin sulfate proteoglycan
4 {CSPG4) comprising an ectodomain, a transmembrane domain sequence and an endodomamn
sequence comprise an endodomain sequence selected from the group consisting of D28 (Gene
I2:940), TNF receptor superfamily member 9 (Gene ID 3604, eg., 4-1BB or CB37), CD247
{Gene 1D 919, CD3-0), 2B4 (Gene 151744, CD244), Interlenkin 21 (JL-21, Gene 1D} 59067),
hematopoietic cell sigual transducer (HCST, Gene ID 10870 e.g., DAP10), and transmembrane
mmune signaling adaptor (TYROBP, Gene ID 7305, DAPI2).

8069 In an aspect the endodomain is the CD 28 endodomain, the transrmembrane domain 13 the
CD28 transmembrane domain and the ectodomain 13 selected from the scFv sequences selected
from the group consisting of SEQ ID NOs:28 to 66, In an aspect the endodomain is the 4-1BB
endodomain, the transmembrane domain is the CD28 transmembrane domain and the ectodomain
is selected from the scFv seguences selected from the group consisting of SEQ 1D NQOs:28 o 66.
In an aspect the endodomain is the CD247 endodomain, the transmembrane domain 15 the D28

transmembrane domain and the ectodomain is selected from the scFv sequences selected from the
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group consisting of SEQ 1 NOs:28 10 66. In an aspect the endodomain is the ZB4 endodomain,
the transmembrane domain is the CD28 transmembrane domain and the ectodomain is selected
from the scFv sequences selected from the group consisting of SEQ 1D NQOs: 28 to 66. Inan aspect
the endodomain is the IL-21 endodomain, the transmembrane domatin is the CD28 transmembrane
domain and the ectodomain 1s selected from the scFv sequences selected from the group consisting
of SEQ I} NOs:28 to 66, In an aspect the endodomain is the HUST endodomain, the
transmembrane domain 1s the CD28 transmembrane domain and the ectodomain is selected from
the scFv sequences selected from the group consisting of SEQ HD NOs: 28 to0 66. In an aspect the
endodomain 1s the TYROBP endodomain, the transmembrane domain is the CD28 transmembrane
domain and the ectodomain is selected from the scFv sequences selected from the group consisting
of SEGQ 1D NQOs:28 10 66. Inaspects, the nucleic acid expression constructs encoding CARs further
encode at least one protein coding sequence for a growth factor, a protein coding sequence for a
transeriptional activator in the Wat signaling pathway, or both, wherein each are separated from
the CAR coding sequences by a foot-and-mouth disease virus (FMDV) 2A sequence or a FMDV

2A related cis acting hydrolase element (CHYSEL) sequence.

18078} In an aspect the endodomain 1s the CD 28 endodomain, the transmembrane domain is the
CD3- { transmembrane domain and the ectodomain is selected from the scFv sequences selected
from the group consisting of SEQ ID NOs:28 to 66, In an aspect the endodomain 1s the 4-1BB
endodomain, the transmembrane domain is the CD3- { transmernbrane domain and the ectodomain
15 selected from the scFv sequences selected from the group consisting of SEQ 1D NQs:28 to 66.
I an aspect the endodoram is the CD247 endodomain, the transmembrane domain 1s the CD3- [
transmembrane domain and the ectodomain 1s selected from the scFv sequences selected from the
group consisting of SEQ 1D NOs:28 t0 66, 1n an aspect the endodomain is the CDI3- { endodomain,
the transmembrane domain 1s the CD3- { transmembrane domamn and the ectodomam is selected
from the scFv sequences selected from the group consisting of SEQ 1D NOs: 28 to 66. Inan aspect
the endodomain 15 the IL-21 endodomain, the transmembrane domamn s the CD3-
transmembrane domain and the ectodomain 15 selected from the scFv sequences selected from the
group consisting of SEQ 1D NOs:28 to 66. In an aspect the endodomain 1s the HCST endodomain,
the transmembrane domain is the CD3- { transmembrane domain and the ectodomain 15 selected
from the scFv sequences selected from the group consisting of SEQ 1D NOs: 28 t0 66. In an aspect
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the endodomain 15 the TYROBP endodomain, the transmembrane domain 1s the CD3- {
transmembrane domain and the ectodomain is selecied from the scFv sequences selected from the
group consisting of SEQ ID NOs:28 0 06, In aspects, the nucleic acid expression consiructs
encoding CARs further encode at feast one protein coding sequence for a growth factor, a protein
coding sequence for a transcriptional activator in the Wt signaling pathway, or both, wherem each
are separated from the CAR coding sequences by a foot-and-mouth disease virus (FMDV} 2A
sequence of a MDYV ZA related cis acting hydrolase element (CHYSEL) sequence.

{6671} In an aspect the endodomain is the CD 28 endodomain, the transmembrane domain is the
CD4 transmembrane domain and the ectodomain 1s selected from the scFv sequences selected
from the group consisting of SEQ ID NOs:28 to 66. In an aspect the endodomain is the 4-1BB
endodomain, the transmembrane domain i1s the CD4 transmembrane domain and the ectodomain
is selected from the scFv sequences selected from the group consisting of SEQ 1D NOs:28 to 66.
In an aspect the endodomain 15 the CD247 endodomain, the transmembrane domain s the CD4
transmembrane domain and the ectodomain 1s selected from the scFv sequences selected from the
group consisting of SEQ D NOs.28 to 66, In an aspect the endodomain is the CD4 endodomain,
the transmembrane domamn 5 the CD4 transmembrane domaiu and the ectodomain is selected from
the scFv sequences selected from the group consisting of SEQ ID NOs:28 to 66, In an aspect the
endodomain 15 the IL-21 endodomain, the transmembrane domain s the CD4 transmembrane
domain and the ectodomain is selected from the scFv sequences selected from the group consisting
of SEQ ID NOs:28 t0 66, In an aspect the endodomain 5 the HCST endodomain, the
transmembrane domain 1s the CD4 transmembrane domain and the ectodomam s selected from
the sclHv sequences selected from the group consisiing of SEQ ID N{Os:28 t0 66. In an aspect the
endodomain is the TYROBP endodomain, the transmermbrane domain 18 the CD4 transmembrane
domain and the ectodomain is selected from the scFv sequences selected from the group consisting
of SEQ ID NQOs:28 10 66. Inaspects, the nucleic acid expression construets encoding CARs further
encode at least one protein coding sequence for a growth factor, a protemn coding sequence for a
transcriptional activator in the Wnt signaling pathway, or both, wherein each are separated from
the CAR coding sequences by a foot-and-mouth disease virus (FMDV) ZA sequence or a FMDV
ZA related cis acting hydrolase element (CHYSEL) sequence.

{8072} In an aspect the endodomain 1s the CD 28 endodomain, the transmembrane domain is the

D8 transmembrane domain and the ectodomain 15 selected from the scFv sequences selected
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from the group consisting of SEQ ID NGs:28 to 66, In an aspect the endodomain is the 4-1BB
endodomain, the transmembrane domain s the CD® transmembrane domain and the ectodomain
15 selected from the scFv sequences selected from the group consisting of SEQ D NOs:28 to 60,
In an aspect the endodomain is the CD247 endodomain, the transmembrane domain is the CDE
transmembrane domain and the ectodomain 13 selected from the scFv sequences selected from the
group consisting of SEQ 1D NOs:28 10 66. In an aspect the endodomain is the C4 endodomain,
the transmembrane domain 18 the D8 transmembrane domain and the ectodomain 1s selected from
the scFv sequences selected from the group consisting of SEQ I NOs: 28 to0 66. In an aspect the
endodomain is the IL-21 endodomain, the transmembrane domain is the CD8 transmembrane
domain and the ectodomain ts selected from the scFv sequences selected from the group consisting
of SHQ 1D NOs:28 to 66 In an aspect the endodomain is the HCST endodomain, the
transmembrane domain s the CD8 transmembrane domain and the ectodomain is selected from
the scFv sequences selected from the group counsisting of SEQ D NOs:28 to 66, In an aspect the
endodomain is the TYROBP endodomain, the transmembrane domain is the CD8 transmembrane
domain and the ectodomain is selected from the scFv sequences selected from the group consisting
of SEQ 1D NOs:28 to 66. In aspects, the nucleic acid expression constructs encoding CARs further
encode at least one protein coding sequence for a growth factor, a protein coding sequence for a
transeriptional activator in the Wnt signaling pathway, or both, wherem each are separated from
the CAR coding sequences by a foot-and-mouth disease virus (FMDV} 2A sequence or a FMDV
2A related cis acting hydrolase element {CHYSEL) sequence.

[8673] In an aspect the endodomain 1s the CD 28 endodomain, the transmembrane domain s the
CD16 iransmembrane domain and the ectodomain 1s selected from the scFv sequences selected
from the group consisting of SEQ ID NOs:28 {0 66, In an aspect the endodomain is the 4-1BB
endodomain, the transmembrane domain 13 the CD16 transmembrane domain and the ectodomain
15 selected from the scFv sequences selected from the group consisting of SEQ 15 NQOs:28 to 66
In an aspect the endodomaimn 1s the CD247 endodomain, the transmembrane domain 18 the TD16
transmembrane domain and the eciodomain is selected from the scFv sequences selected from the
group consisting of SEQ ID NOs:28 to 66. In an aspect the endodomain 1s the CD4 endodomain,
the transmembrane domain is the CD16 ransmembrane domain and the ectodomain 1s selected
from the scFv sequences selected from the group consisting of SEQ 1D NQGs: 28 to 66. Inan aspect

the endodomain is the IL-21 endodomain, the transmembrane domatin is the CD16 transmembrane
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domain and the ectodomain is selected from the scFv sequences selected from the group consisting
of SEQ I NOs:28 to 66, In an aspect the endodomain is the HUST endodomain, the
transmembrane domain s the D16 transmembrane domain and the ectodomain is selected from
the scFv sequences selected from the group consisting of SEQ 1D NQGs: 28 to 66. In an aspect the
endodomain is the TYROBP endodomain, the transmembrane domain is the CD16 transmembrane
domain and the ectodomain is selected from the scFv sequences selected from the group consisting
of SEQ 1D NOs:28 to 66. In aspects, the nucleic acid expression constructs encoding CARs further
encode at least one protein coding sequence for a growth factor, a protein coding sequence for a
transcriptional activator in the Wnt signaling pathway, or both, wherein each are separated from
the CAR coding sequences by a foot-and~mouth disease virus (FMDV) 2A sequence or a FMDY
2A related cis acting hydrolase element (CHYSEL) sequence.

18974} In an aspect the endodomain ts the CD 28 endodomain, the transmembrane domain is the
NKp44 transmembrane domain and the ectodomain is selected from the scFv sequences selected
from the group counsisting of SEQ ID NOs:28 to 66. In an aspect the endodomain is the 4-1BB
endodomain, the transmembrane domain ts the NKp44 transmembrane domain and the ectodomam
1s selected from the scFv sequences selected from the group consisting of SEQ 1D N(Os:28 to 66,
In an aspect the endodomain 1s the CD247 endodomaim, the transmembrane domain 1s the NKp44
transmernbrane domain and the ectodomain 1s selected from the scFv sequences selected from the
group consisting of SEQ I NOs:28 to 66. In an aspect the endodomain is the CD4 endodomain,
the transmembrane domain is the NKp4d4 transmembrane domam and the ectodomain 1 selected
from the scFv sequences selected from the group consisting of SEQ ID NOs: 28 10 66, In an aspect
the endodomain s the IL-21 endodomain, the iransmembrane domain 13 the NKp4d4
transmembrane domain and the ectodomain 1s selected from the scFv sequences selected from the
group consisting of SEQ ID N(s: 2810 66, In an aspect the endodomain 13 the HCST endodomain,
the transmembrane domain ts the NKp44 transmembrane domain and the ectodomain is selected
from the scFv sequences selected from the group consisting of SEQ 1D NQs: 28 to 66. In an aspect
the endodomain is the TYROBP endodomain, the transmembrane domain s the NKpd4
transmembrane domain and the ectodomain 1s selected from the scFv sequences selected from the
group consisting of SEQ ID NQOs:28 to 66, In aspects, the nucleic acid expression constructs
encoding CARs further encode at least one protem coding sequence for a growth factor, a protein

coding sequence for a transcriptional activator in the Wnt signaling pathway, or both, wherein each
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are separated from the CAR coding sequences by a foot-and-mouth disease virus (FMDV) ZA
sequence or a3 FMDV 2A related cis acting hydrolase element ({CHYSEL) sequence.

{8075} In an aspect the endodomain 1s the CD 28 endodomain, the transmembrane domain is the
NKp46 transmembrane domain and the ectodomain is selected from the scFv sequences selected
from the group consisting of SEQ ID NGs:28 to 66, In an aspect the endodomain is the 4-1BB
endodomain, the transmembrane domain s the NKp46 transmembrane domain and the ectodomain
1s selected from the scFv sequences selected from the group consisting of SEQ ID NOs:28 to 606,
In an aspect the endodomain is the CD247 endodomain, the transmembrane domain 1s the NKp44
transmembrane domain and the ectodomain is selected from the scFv sequences selected from the
eroup consisting of SEQ ID NOs: 28 to 66. In an aspect the endodomain is the CD4 endodomain,
the transmembrane domain is the NKp46 transmembrane domain and the ectodomain i3 selected
from the scFv sequences selected from the group consisting of SEQ 113 NOs:28 to 66. In an aspect
the endodomain is the IL-21 endodomain, the iransmembrane domamn is the NKp4d6
transmembrane domain and the ectodomain 1s selected from the scFv sequences selected from the
group consisting of SEQ 1D NOs:28 to 66. Inan aspect the endodomain 1s the HCST endodomain,
the transmembrane domain 18 the NKp4d6 transmembrane domain and the ectodomain 5 selected
from the scFv sequences selected from the group consisting of SEQ 1D NOs: 28 10 66, Tn an aspect
the endodomain s the TYROBP endodomain, the transmembrane domain i3 the NKpd6
transmembrane domain and the ectodomain 1s selected from the scFv sequences selected from the
group consisting of SEQ [D NOs:28 to 66, In aspects, the nucleic acid expression constructs
encoding CARs further encode at least one protein coding sequence for a growth factor, a protein
coding sequence for a transcriptional activator in the Wt signaling pathway, or both, wherem each
are separated from the CAR coding sequences by a foot-and-mouth disease virus (FMDV) ZA
sequence or a FMDV 2A related cis acting hydrolase element (CHYSEL) sequence.

18876} In an aspect the endodomain is the CD 28 endodomain, the transrmembrane domain 1s the
NKG2d transmembrane domain and the ectodomain 1s selected from the scFv sequences selected
from the group consisting of SEQ ID NOs:28 to 66, In an aspect the endodomain is the 4-1BB
endodomain, the transmembrane domain is the NKG2d transmembrane domain and the
ectodomain 1s selected from the scFv sequences selected from the group consisting of SEQ 1D
N(Os:28 to 66. In an aspect the endodomain 1s the CD247 endodomain, the transmembrane domain

15 the NKG2d transmembrane domain and the ectodomain is selected from the scFv sequences
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selected from the group consisting of SEQ 1D NGs:28 10 66, In an aspect the endodomain is the
D4 endodomain, the transmembrane domain 15 the NKG2d transmembrane domain and the
ectodomain is selected from the scFv sequences selected from the group consisting of SEQ ID
NQOs:28 to 66. In an aspect the endodomain is the 1L-21 endodomain, the transmembrane domain
15 the NKG2d transmembrane domain and the ectodomain is selected from the scFv sequences
selected from the group consisting of SEQ ID NOs:28 to 66, In an aspect the endodomain is the
HCST endodomain, the transmembrane domain is the NKG2d transmembrane domain and the
ectodomain 1s selected from the scFv sequences selected from the group consisting of SEQ 1D
N(Os:28 to 66, In an aspect the endodomain is the TYROBP endodomain, the transmembrane
domain is the NKG2d transmembrane domain and the ectodomain is selected from the scFv
sequences selected from the group consisting of SEQ 1D NOs:28 to 66. In aspects, the nucleic
acid expression constructs encoding CARSs further encode at least one protein coding sequence for
a growth factor, a protein coding sequence for a transcriptional activator in the Wnt signaling
pathway, or both, wherein each are separated from the CAR coding sequences by a foot-and-mouth
disease virus {(FMDV) 2A sequence or a FMDV 2A related cis acting hydrolase element
{CHYSEL) sequence.

{8677} The present disclosure provides for, and ncludes nucleic acmid expression constructs
encoding chimeric antigen receptors as provided above that further comprise a protein coding
sequence for a transcriptional activator 1 the Wnt signaling pathway. Also provided for, and
mchuded, are expression constructs that encodes a polyprotein comprising a CAR, a protein
sequence for a transcriptional activator in the Wnt signaling pathway and up to three additional
protein coding sequences. In an aspect, the protein sequences for a transcriptional activator in the
Wt signaling pathway and up to three additional protein coding sequences are separated by an
autonomous ntra-ribosomal self-processing peptide. Inan aspect, the autonomous intra-ribosomal
self-processing 15 a foot-and-mouth disease virus (FMDV) 2A sequence or a related cis acting

hydrolase element (CHYSEL). In aspects, the transcriptional activator in the Wnt signaling
pathway is selected from the group consisting of lymphoid enhancer binding factor 1 (LEF1, Gene
1D 511763, beta-catenin ({CTNNB1, Gene 1D 14993, Smad3 (Gene 1D 4088), HNF1 homeobox A
{(HNF1A, Gene ID: 6927 (alt. TCF1}), transcription factor 7 (TCF7, Gene 1D:6932 (alt. TCF1}))

>

and TLE family member 1, transcriptional corepressor {TLE 1, Gene 1D TO88}).
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{0078} In an aspect, the expression construct comprises an ectodomain selected from the scFv
sequences selected from the group consisting of SEQ 1D NOs:28 to 66, a transmembrane domain
selected from the group consisting of CD28, CD3- L CD4, CD8, CD16, NKpdd NKp4d6, and
NKG2d, and an endodomain selected from the group consisting of CD28, 4-1BB, CD3-(, 28B4,
Interfeukin 21, HOST, and TYROBP and further comprising a protein coding sequence for a
transcriptional activator in the Wni signaling pathway selected from the group consisting of
iymphoid enhancer binding factor 1, beta-catenin, Smad3, HNF1 homeobox A, transcription factor
7 and TLE family member 1, transcriptional corepressor. In an aspect, the expression construct
comprises an scFv ectodomain sequence selected from the group consisting of SEQ ID NOs: 28 to
66, the CD28 transmembrane domain, the CDZ8 endodomain and LEF1 separated by an
autonomous inira-ribosomal self-processing peptide, wherein LEF1 is selected from the group
consisting of Reference Sequence (RefSeq) D NOs: NP 0573531, NP 0011241851, and
NP 001124186.1. Inan aspect, the expression construct comprises an scFv ectodomain sequence
selected from the group consisting of SEQ 1D NOUs:28 10 66, the CD3- { transmembrane domain,
the CD28 endodomain and LEF1 separated by an autonomous intra-ribosomal self-processing
peptide. Yo an aspect, the expression construct comprises an scFv ectodomain sequence selected
from the group consisting of SEQ ID NOs:28 to 66, the CD4 transmembrane domain, the CD28
endodomain and LEF! separated by an autonomous intra-ribosomal self-processing peptide. In
an aspect, the expression construct comprises an scFv ectodormain sequence selected from the
group consisting of SEQ D NOs:28 to 66, the CD8 transmembrane domain, the (D28
endodomain and LEFI separated by an autonomous intra-ribosomal self-processing peptide. In
an aspect, the expression construct comprises an scFv ectodomamn sequence selected from the
group consisting of SHQ ID NOs:28 to 66, the CD16 transmembrane domain, the CD28
endodomain and LEFT separated by an autonomous intra~-ribosomal self-processing peptide. In
an aspect, the expression construct comprises an scFv ectodomain sequence selected from the
group consisting of SEQ ID NOs:28 to 66, the NKp44 transmembrane domam, the CD28
endodomain and LEF1 separated by an autonomous intra-ribosomal self-processing peptide. In
an aspect, the expression construct comprises an scFv ectodomain sequence selected from the
group consisting of SEQ ID NOs:28 to 66, the NKpd6 transmembrane domain, the CD28
endodomain and LEFT separated by an autonomous intra-ribosomal self-processing peptide. In

an aspect, the expression consiruct comprises an scFv ectodomain sequence selected from the
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group consisting of SEQ 1D NOs:28 to 66, the NKG2d transmembrane domain, the CD28
endodomain and LEFT separated by an autonomous ntra-ribosomal self-processing peptide. In
an aspect, the expression construct comprises an scFv ectodomain sequence selected from the
group consisting of SEQ 1D NOs:28 to 66, the (D28 transmembrane domain, the 4-1BB
endodomain and LEFT separated by an autonomous intra-ribosomal self-processing peptide. In
an aspect, the expression consiruct comprises an scFv ectodomain sequence selected from the
group consisting of SHQ 1D NOs:28 o 66, the CD3- [ transmembrane domain, the 4-1BB
endodomain and LEF1 separated by an autonomous intra-ribosomal self-processing peptide. In
an aspect, the expression construct comprises an scFv ectodomain sequence selected from the
eroup consisting of SEQ I3 NOs:28 to 66, the CD4 transmembrane domain, the 4-1BB
endodomain and LEF1 separated by an autonomous intra-ribosomal self-processing peptide. In
an aspect, the expression construct comprises an scFv ectodomain sequence selected from the
group consisting of SEQ 1D NOs:Z8 to 66, the CD8 transmembrane domain, the 4-1BB
endodomain and LEF1 separated by an autonomous intra-ribosomal self-processing peptide. In
an aspect, the expression construct comprises an scFv ectodomain sequence selected from the
group consisting of SEQ 1D NOs:28 to 66, the CDI6 transmembrane domain, the 4-1BB
endodomain and LEF1 separated by an autonomous 1otra-ribosomal self-processing peptide. In
an aspect, the expression construct comprises an scFv ectodomain sequence selected from the
group consisting of SEQ ID NOs:28 to 66, the NKpdd transmerobrane domain, the 4-1BB
endodomain and LEFT separated by an autonomous intra~-tibosomal self-processing peptide. In
an aspect, the expression consiruct comprises an scFv ectodomain sequence selected from the
group consisting of SEQ 1D NOs:28 1o 66, the NKp46 transmembrane domain, the 4-1BB
endodomain and LEFI separated by an autonomous intra-ribosomal self-processing peptide. In
an aspect, the expression construct comprises an scFv ectodomain sequence selected from the
group consisting of SEQ ID N(Os:28 to 66, the NKG2d transmembrane domain, the 4-1BB
endodomain and LEFT separated by an autonomous intra~-ribosomal self-processing peptide. In
an aspect, the expression consiruct comprises an scFv ectodomain sequence selected from the
group consisting of SEQ 1D NOs:28 to 66, the CDZ& transmembrane domain, the CD3-{
endodomain and LEFT separated by an autonomous ntra-ribosomal self-processing peptide. In
an aspect, the expression construct comprises an scFv ectodomain sequence selected from the

group consisting of SEQ ID NQOs:28 to 66, the CD3- { transmembrane domain, the CD3-{
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endodomain and LEFT separated by an autonomous intra-ribosomal self-processing peptide. In
an aspect, the expression construct comprises an scFv ectodomain sequence selected from the
group consisting of SEQ 1D NQs:28 to 66, the CD4 transmembrane domain, the CD3-{
endodomain and LEF] separated by an autonomous intra-ribosomal self-processing peptide. In
an aspect, the expression construct comprises an scFv ectodomamn sequence selected from the
group consisting of SEQ 1D NOs:28 (o 66, the UDS transmembrane domain, the CD3-{
endodomain and LEFT separated by an autonomous intra-ribosomal self-processing peptide. In
an aspect, the expression construct comprises an scFv ectodomain sequence selected from the
group consisting of SEQ ID NQOs:28 1o 66, the CD16 transmembrane domain, the CD3-{
endodomain and LEF1 separated by an autonomous intra-ribosomal self-processing peptide. In
an aspect, the expression construct comprises an scFv ectodomain sequence selected from the
eroup consisting of SEQ 1D NQOs:28 to 66, the NKpdd transmembrane domain, the CD3-{
endodomain and LEFT separated by an autonomous intra-ribosomal self-processing peptide. In
an aspect, the expression construct comprises an scFv ectodomain sequence selected from the
group consisting of SEQ ID NOs:28 to 66, the NKpd6 transmembrane domain, the CD3-{
endodomain and LEF1 separated by an autonomeous intra-tibosomal self-processing peptide. In
an aspect, the expression construct comprises an scFv ectodomain sequence selected from the
group consisting of SEQ ID NOs:28 to 66, the NKG2d transmembrane domain, the CD3-{
endodomain and LEF1 separated by an autonomous intra~-ribosomal self-processing peptide.

{8979] The present disclosure provides for, and includes, the expression constructs described
above comprising an ectodomain selected from the scFv sequences selected from the group
consisting of SEQ 1D NOs:28 to 66, a transmembrane domam selected from the group consisting
of CD28, CD3-{, CD4, CDB, CD16, NKpdd, NKpd6, and NKG24d, and an endodomain selected
from the group consisting of CD28, 4-18B, CD3-, 2B4, Interleukin 21, HCST, and TYROBP and
further comprising a protemn coding sequence for a transcriptional activator in the Wt signaling
pathway, and further comprising at least one protein coding sequence for a growth factor selected
from the group consisiing of mnterleckin-15 (IL-15), mterlevkain-7 (L-7), interleukin-12 (1L-12),
mterlenkin-18 (1L-18), interleukin-21 (1L-21), interleukin-27 (IL-27)}, interleukin-33 (L-33}, and
combinations thereof. In an aspect, the expression construct comprises an schv ectodomain
sequence selected from the group consisting of SEQ 1D N(Os:28 to 66, the (D28 ransmembrane

domain, the CD28 endodomain, and LEFT separated by an autonomous intra-ribosomal self-
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processing peptide, wherein LEF1 i3 selected from the group consisting of Reference Sequence
(RefSeq) ID NOs: NP_057353.1, NP_001124185.1, and NP_001124186.1, and IL-15, each
separated by an autonomous intra-ribosomal self-processing peptide. In an aspect, the expression
construct comprises an scfv ectodomain sequence selected from the group consisting of SEQ 1D
NOs:28 to 66, the CD3- [ transmembrane domain, the CD28 endodomain and LEF1 and {L-15
each separated by an autonomous intra-ribosomal self-processing peptide. In an aspect, the
expression construct comprises an scFv ectodomain sequence selected from the group consisting
of SEQ ID NOs:28 to 66, the CD4 transmembrane domain, the CD28 endodomain and LEF1 and
IL-15 each separated by an autonomous intra-ribosomal self-processing peptide. In an aspect, the
expression construct comprises an scFv ectodomain sequence selected from the group consisting
of SEQ 1D NOs:28 1o 66, the CD8 transmembrane domain, the CD28 endodomain and LEF1 and
IL-15 each separated by an autonomous intra-ribosomal self-processing pepiide. In an aspect, the
expression construct comprises an scFv ectodomain sequence selected from the group consisting
of SEQ 1D NQOs:28 to 66, the CID16 transmembrane domain, the CD28 endodomain and LEFT and
IL-15 each separated by an autonomous intra-ribosomal self-processing peptide. Inan aspect, the
expression construct comprises an scFv ectodomain sequence selected from the group consisting
of SEQ ID NOs:28 to 06, the NKp44 transmembrane domain, the CD28 endodomain and LEF1
and IL-15 each separated by an autonomous inira-ribosomal self-processing peptide. In an aspect,
the expression construct comprises an scFv ectodomain sequence selected from the group
consisting of SEQ 1D NQOs:28 to 66, the NKp4d6 transmembrane domain, the CD28 endodomain
and LEF1 and [L-15 each separated by an autonomous mtra-ribosomal self-processing peptide. In
an aspect, the expression construct comprises an scFv ectodomain sequence selected from the
group consisting of SEQ ID NQOs:28 to 66, the NKG2d transmembrane domain, the CD28
endodomain and LEF] and [L-15 each separated by an autonomous mtra-ribosomal self-
processing peptide. In an aspect, the expression construct comprises an scFv ectodomain sequence
selected from the group consisting of SEQ 1D NOs:28 1o 66, the CD28 wansmembrane domam,
the 4-1BB endodomain and LEF1 and 1L-15 each separated by an autonomous intra-ribosomal
self-processing peptide. In an aspect, the expression consiruct comprises an scFv ectodomain
sequence selected from the group consisting of SEQ 1D NOs:28 to 66, the CD3- { transmembrane
domain, the 4-1BB endodomam and LEF1 and 11.-15 each separated by an autonomous intra-

ribosomal self-processing peptide. In an aspect, the expression consiruct comprises an schv
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ectodomain sequence selected from the group consisting of SEQ 1D NQOs:28 to 66, the (D4
transmembrane domain, the 4-1BB endodomain and LEFT and 1L-15 each separated by an
autonomous intra-ribosomal self-processing peptide.  In an aspect, the expression construct
comprises an scFv ectodomain sequence selected from the group consisting of SEQ 1D NOs:28 to
66, the CD& transmembrane domain, the 4-1BB endodomain and LEF1 and 1E-15 each separated
by an autonomous intra-ribosomal self-processing peptide. In an aspect, the expression construct
comprises an scFv ectodomain sequence selected from the group consisting of SEQ 1D NOs:28 o
66, the CD16 transmembrane domain, the 4-1BB endodomain and LEF1 and IL-15 each separated
by an autonomous intra-ribosomal self-processing peptide. In an aspect, the expression construct
comprises an scFv ectodomain sequence selected from the group consisting of SEQ 1D NOs:28 to
66, the NKpd4 transmembrane domain, the 4-1BB endodomain and LEF1 and IL-15 each
separated by an autonomous mira-ribosomal self-processing peptide. In an aspect, the expression
construct comprises an scfv ectodomatn sequence selected from the group consisting of SEQ 1D
NOs:28 to 66, the NKp46 transmembrane domain, the 4-18BB endodomain and LEF1 and {L-15
each separated by an autonomous mira-ribosomal self-processing peptide. In an aspect, the
expression construct comprises an scFv ectodomain sequence selected from the group consisting
of SEQ ID NOs: 28 to 66, the NKG2d transmnembrane domain, the 4-1BB endodomain and LEF]
and IL-15 each separated by an autonomous inira-ribosomal self-processing peptide. In an aspect,
the expression construct comprises an scFv ectodomain sequence selected from the group
consisting of SEQ 1D NOs:28 to 66, the CD28 transmembrane domaim, the CD3-{ endodomain
and LEF1 and [L-15 each separated by an autonomous mtra-ribosomal self-processing peptide. In
an aspect, the expression construct comprises an scFv ectodomain sequence selected from the
group consisiing of SEQ D NQOs:28 to 66, the {D3- [ transmembrane domain, the CD3-{
endodomain and LEF] and [L-15 each separated by an autonomous mtra-ribosomal self-
processing peptide. In an aspect, the expression construct comprises an scFv ectodomain sequence
selected from the group consisting of SEQ ID NQs:28 to 66, the CD4 transmembrane domain, the
CD3-{ endodomain and LEF1 and IL-15 each separated by an autonomous intra-ribosomal self-
processing peptide. In an aspect, the expression construct comprises an scFv ectodomain sequence
selected from the group consisting of SEQ 1D NOs:28 to 66, the CD¥ transmembrane domain, the
CD3-{ endodomain and LEFT and 11-15 each separated by an autonomous inira-ribosomal self-

processing peptide. Inanaspect, the expression construct comprises an scFv ectodomain sequence
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selected from the group consisting of SEQ 1D NOs:28 to 66, the (D16 transmembrane domain,
the CD3-{ endodomain and LEF1 and IL-15 each separated by an autonomous intra-ribosomal
self-processing peptide. In an aspect, the expression consiruct comprises an scFv ectodomain
sequence selected from the group consisting of SEQ 1D NOs: 28 {o 66, the NKp44 transmembrane
domain, the CD3-{ endodomamm and LEF1 and 11.-15 each separated by an autonomous intra-
ribosomal self-processing peptide. In an aspect, the expression consiruct comprises an sckFv
ectodomain sequence selected from the group consisting of SEQ 1D NOs:28 to 66, the NKpd6
transmembrane domain, the CD3-{ endodomain and LEFI and IL-15 each separated by an
autonomous ntra~-ribosomal self-processing peptide.  In an aspect, the expression construct
comprises an scFv ectodomain sequence selected from the group consisting of SEQ 1D NOs:28 to
66, the NKG2d transmembrane domain, the CD3-{ endodomain and LEF! and 1L-15 each
separated by an autonomous intra-ribosomal self-processing peptide.

10088} In an aspect, the expression construct comprises an scFv ectodomain sequence selected
from the group consisting of SEQ 1D NOs:28 to 66, the CD28 transmembrane domain, the CD2E
endodomain, and LEF] separated by an autonomous intra~-ribosomal self-processing peptide,
wheremn LEF] s selected from the group consisting of Reference Sequence (RefSeq) ID NQOs:
NP 0573531, NP 0011241851, and NP 0011241861, and IL-21, each separated by an
autonomous intra-ribosorsal self-processing peptide.  In an aspect, the expression construct
comprises an scFv ectodomain sequence selected from the group consisting of SEQ ID NOs: 28 to
66, the CD3- L transmembrane domain, the CD28 endodornam and LEFT and 11.-21 each separated
by an autonomous intra-tibosomal self-processing peptide. In an aspect, the expresston construct
comprises an scFv ecltodomain sequence selected from the group consisiing of SEQ 1D NOs:28 1o
66, the CD4 transmembrang domain, the CD28 endodomain and LEF1 and HL-21 each separated
by an autonomous mtra-ribosomal self-processing peptide. In an aspect, the expression construct
comprises an scFv ectodomain sequence selected from the group consisting of SEQ ID NOs: 28 to
66, the CD38 transmembrane domain, the CD28 endodomatn and LEFT and H.-21 each separated
by an autonomous intra-ribosomal self-processing peptide. In an aspect, the expression construct
comprises an scFv ectodomain sequence selected from the group consisting of SEQ 1D NOs: 28 to
66, the 16 transmembrane domain, the D28 endodomain and LEFT and 11.-21 each separated
by an autonomous intra~-ribosomal self-processing peptide. In an aspect, the expression construct

comprises an scFv ectodomain sequence selected from the group consisting of SEQ 1D NOs:28 to
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66, the NKp4d4 transmembrane domain, the CD28 endodomain and LEFT and 11.-21 each separated
by an autonomous intra-ribosomal self-processing peptide. In an aspect, the expression construct
comprises an scFv ectodomain sequence selected from the group consisting of SEQ 1D NOs: 28 1o
66, the NKp46 transmembrane domain, the CD28 endodomain and LEF1 and 1L-21 each separated
by an autonomous intra~ribosomal self-processing peptide. In an aspect, the expression construct
comprises an scFv ectodomain sequence selected from the group consisting of SEQ ID NOs:28 to
66, the NKG2d transmembrane domain, the CD28 endodomaimn and LEF1 and IL-21 each
separated by an autonomous intra-ribosomal self-processing peptide. In an aspect, the expression
construct comprises an sclv ectodomain sequence selected from the group consisting of SEQ D
NQOs:28 to 66, the CD28 transmembrane domain, the 4-1BB endodomain and LEF1 and 1L-21
each separated by an autonomous intra-ribosomal self-processing peptide. In an aspect, the
expression construct comprises an sckFv ectodomain sequence selected from the group consisting
of SEQ 1D NOs:28 to 66, the CD3- [ transmembrane domain, the 4-1BB endodomain and LEF1
and 11.-21 each separated by an autonomous intra-ribosomal self-processing peptide. In an aspect,
the expression construct comprises an scFv ectodomain sequence selected from the group
consisting of SEQ ID NOs:28 to 66, the CD4 transroembrane domain, the 4-1BB endodomain and
LEF1 and HL-21 each separated by an autonomous intra~-ribosomal self-processing peptide. Inan
aspect, the expression construct comprises an scFv ectodomain sequence selected from the group
consisting of SEQ I3 NOs:28 to 66, the CDR transmermbrane domain, the 4-1BB endodomain and
LEF1 and HL.-21 each separated by an autonomous intra-tibosomal setf-processing peptide. In an
aspect, the expression construct comprises an scFv ectodomain sequence selected from the group
consisting of SE{ 113 N{s:28 to 66, the CDN6 transmembrane domain, the 4-1BB endodomaimn
and LEF1 and [L-21 each separated by an autonomous intra-ribosomal self-processing peptide. In
an aspect, the expression construct comprises an scFv ectodomain sequence selected from the
group consisting of SEQ ID NOs:28 io 66, the NKpd4 transmembrane domain, the 4-1BB
endodomain and LEF1 and L-21 each separated by an autonomous intra-ribosomal self-
processing peptide. Inanaspect, the expression construct comprises an scHv ectodomain sequence
selected from the group consisting of SEQ ID NQOs:28 to 66, the NKp46 transmembrane domain,
the 4-1BB endodomain and LEF1 and 1L-21 each separated by an autonomous intra-ribosomal
self-processing peptide. In an aspect, the expression consiruct comprises an scFv ectodomain

sequence selected from the group consisting of SEQ 1D N(s:28 o 66, the NKG2d transmembrane
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domain, the 4-1BB endodomain and LEF1 and {L-21 each separated by an autonomous inira-
ribosomal self-processing peptide.  In an aspect, the expression consiruct comprises an scHv
ectodomain sequence selected from the group consisting of SEQ 1D NOs:28 to 66, the UD28
transmembrane domain, the CD3-{ endodomain and LEF1 and 11L-21 each separated by an
autonomous intra-ribosomal self-processing peptide.  In an aspect, the expression construct
comprises an scFv ectodomain sequence selected from the group consisting of SEQ ID NOs:28 to
66, the CD3- { transmembrane domain, the CD3-{ endodomain and LEFT and 1L-21 each separated
by an autonomous intra-ribosomal self-processing peptide. In an aspect, the expression construct
comprises an scFv ectodomain sequence selected from the group consisting of SEQ ID NOs: 28 to
66, the CD4 transmembrane domain, the CD3-{ endodomain and LEFT and IL-21 each separated
by an autonomous intra-ribosomal self-processing peptide. In an aspect, the expression construct
comprises an scFv ectodomain sequence selected from the group consisting of SEQ 1D NOs:28 to
66, the CD8 ransmembrane domain, the CD3-{ endodomaim and LEF1 and 11.-21 each separated
by an autonomous intra-ribosomal self-processing peptide. In an aspect, the expression construct
comprises an scFv ectodomain sequence selected from the group couvsisting of SEQ ID NOs: 28 to
66, the CD6 transmembrane domain, the CD3-{ endodomaimn and LEF1 and IL-21 each separated
by an autonomous intra-tibosomal self-processing peptide. In an aspect, the expression construct
comprises an scFv ectodomain sequence selected from the group consisting of SEQ 1D NOs:28 to
60, the NKp44 transmembrane domam, the CD3-{ endodomaim and LEF? and 1L-21 each
separated by an autonomous mtra-ribosomal self-processing peptide. In an aspect, the expression
consiract comprises an schv ectodomam sequence selected from the group consisting of SEQ 1D
NOs:28 to 66, the NKp46 transmerbrane domain, the CD3-{ endodomain and LEF and 1L-21
each separated by an autonomous mira-tibosomal self-processing peptide. In an aspect, the
expression construct comprises an scFv ectodomain sequence selected from the group consisting
of SEQ ID N(s:28 to 66, the NKG2d transmembrane domain, the CD3-{ endodomain and LEF1]
and IL-21 each separated by an astonomous mitra-ribosomal self~processing peptide.

{6081} In an aspect, the expression construct comprises an scFv ectodomain sequence selected
from the group consisting of SEQ 1D NOs: 28 to 66, the CD3- { transmembrane domain, the CD28
endodomain and LEF1, 1L-15, and 1L.-21 each separated by an autonomous intra-ribosomal self-
processing peptide. In an aspect, the expression construct comprises an scFv ectodomain sequence

selected from the group consisting of SEQ 1D NQOs:28 to 66, the CD4 transmembrane domain, the
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D28 endodomain and LEF1 11.-15, and [L-21 each separated by an autonomous intra-ribosomal
setf-processing peptide. In an aspect, the expression construct comprises an scFv ectodomain
sequence selected from the group consisting of SEQ 1D NGs:28 to 66, the CD¥ transmembrane
domain, the C328 endodomain and LEFT, 11-15, and IL-21 each separated by an autonomous
mtra-ribosomal self-processing peptide. In an aspect, the expression construct comprises an scFv
ectodomain sequence selected from the group consisting of SEQ ID NOs:28 to 66, the CD16
transmembrane domain, the CD28 endodomain and LEF1, IL-15, and 1L-21 each separated by an
autonomous mira-ribosomal self-processing peptide.  In an aspect, the expression construct
comprises an scFv ectodomain sequence selected from the group consisting of SEQ ID NOs: 28 to
66, the NKp44 transmembrane domain, the CD28 endodomain and LEF1, 1L-15, and IL-21 each
separated by an autonomous mtra-ribosomal self-processing peptide. In an aspect, the expression
construct comprises an scFv ectodomain sequence selected from the group consisting of SEQ 1D
N(s:28 to 66, the NKp4d6 transmembrane domain, the CDD28 endodomain and LEF1, 1L-15, and
IL.-21 each separated by an autonomous intra~-ribosomal self-processing peptide. In an aspect, the
expression construct comprises an scFv ectodomam sequence selected from the group consisting
of SEQ D NQOs:28 to 66, the NKG2d transmermbrane domain, the CD28 endodomain and LEFI,
IL-15, and IL-21 each separated by an autonorous mira-tibosomal self-processing peptide. Inan
aspect, the expression construct comprises an scFv ectodomain sequence selected from the group
consisting of SEQ ID NOs:28 to 66, the CD28 transmembrane domain, the 4-1BRB endodomam
and LEF1, IL-15, and IL-21 each separated by an autonomous mtra-ribosomal self-processing
peptide. In an aspect, the expression construct comprises an seFv ectodomam sequence selected
from the group consisting of SEQ ID NOs:28 to 66, the UD3- { transmembrane domain, the 4-
1BB endodomain and LEF1, 11.-15, and 1L-21 each separated by an autonomous intra-ribosomal
self-processing peptide. In an aspect, the expression construct comprises an scFv ectodomain
sequence selected from the group consisting of SEQ 1D NOs:28 to 66, the CD4 transmembrane
domain, the 4-1BB endodomam and LEFI, I1-15, and HL.-21 each separated by an autonomous
mtra-ribosomal self-processing peptide. In an aspect, the expression construct comprises an schv
ectodomain sequence selected from the group consisting of SEQ 1D NQOs:28 to 66, the (D8
transmembrane domain, the 4-1BB endodomain and LEF1, IL-15, and IL-21 each separated by an
autonomous intra-ribosomal self-processing peptide.  In an aspect, the expression construct

comprises an scFv ectodomain sequence selected from the group consisting of SEQ 1D NOs:28 to
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66, the D16 transmembrane domain, the 4-1BB endodomain and LEF1, IL-15, and 1L-21 each
separated by an autonomous intra-ribosomal self-processing peptide. In an aspect, the expression
construct comprises an sclv ectodomain sequence selected from the group consisting of SEQ 1D
NQOs:28 to 66, the NKp44 transmembrane domain, the 4-1BB endedomam and LEF1, 11.-15, and
1L-21 each separated by an autonomous intra-ribosomal self-processing peptide. In an aspect, the
expression construct comprises an sckv ectodomain sequence selected from the group consisting
of SEQ 1D NQGs: 28 to 66, the NKp46 transmembrane domain, the 4-1BB endodomain and LEF1,
IL-15, and IL-21 each separated by an autonomous infra-ribosomal self-processing peptide. Inan
aspect, the expression construct comprises an scFv ectodomain sequence selected from the group
consisting of SEQ 1D NOs:28 to 66, the NKG2d transmembrane domain, the 4-1BB endodomain
and LEFT and [L-15 each separated by an autonomous intra-ribosomal self-processing peptide. In
an aspect, the expression construct comprises an scFv ectodomain sequence selected from the

;

group consisting of SEQ ID NQOs:28 to 66, the CDZ8 transmembrane domam, the CD3-{
endodemain and LEF1, 1L-15, and 1L.-21 each separated by an autonomous intra-ribosomal self-
processing peptide. In an aspect, the expression construct comprises an seFv ectodomain sequence
selected from the group consisting of SEQ 1D NOs:28 10 66, the CD3- { transmembrane domain,
the CD3-{ endodomaim and LEF1, IL-15, and IL-21 each separated by an autonomous intra-
ribosomal self-processing peptide.  In an aspect, the expression construct comprises an scFv
ectodomain sequence selected from the group consisting of SEQ 1D NQs:28 to 66, the {14
transmemmbrane domain, the CD3-{ endodomain and LEF1, 11.-15, and 11.-21 each separated by an
autonomous mtra-ribosomal self~processing peptide.  In an aspect, the expression construct
comprises an scFv ecltodomain sequence selected from the group consisiing of SEQ 1D NOs:28 1o
66, the CD8 transmembrane domain, the CD3-{ endodomain and LEF1T, IL-15, and 1L-21 each
separated by an autonomous mtra-ribosomal self-processing peptide. In an aspect, the expression
construct comprises an scFv ectodomain sequence selected from the group consisting of SEQ 1D
NQGs:28 to 66, the CD16 transmembrane domam, the CD3-{ endodomain and LEF1, 1L-15, and
IL.-21 each separated by an autonomous intra-ribosomal self-processing peptide. In an aspect, the
expression construct comprises an scFv ectodomain sequence selected from the group consisting
of SEQ ID NOs:28 to 66, the NKpd4 transmembrane domain, the CD3-{ endodomain and LEF1,
115, and IL-21 each separated by an autonomous intra-ribosomal self-processing peptide. Inan

aspect, the expression construct comprises an scFv ectodomain sequence selected from the group
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consisting of SEQ ID NQOs:28 to 66, the NKp46 transmembrane domain, the CD3-{ endodomain
and LEF1, IL-15 and IL-21 each separated by an autonomous intra-ribosomal self-processing
peptide. In an aspect, the expression construct comprises an scFv ectodomain sequence selected
from the group consisting of SEQ 1D NOs:28 1o 66, the NK(G2d transmembrane domain, the CD3-
{ endodomain and LEF1, [L-15, and IL-21 each separated by an autonomous intra-ribosomal self-
processing peptide.

{0082} Also included and provided for by the present disclosure are expression constructs
encoding a CAR as provided above and further comprising a DNA sequence encoding a small
hairpin RNA (shRMNA) sequence targeting an MHC class [ or MHC class I gene, wherein the
shRNA sequence 1s embedded in an artificial microRNA (anmiR) scaffold.

10083} The present disclosure includes and provides for chimeric antigen receptors comprising an
ectodomain sequence comprising an antibody or antigen hinding fragment thereof that binds to
chondrottin sulfate proteoglycan 4 (CSPG4) selected from the group consisting of SEQ 1D N(Gs:28
to 65, a transmembrane domain sequence; and an endodomain sequence, each as described above
for the nucleic acid expression constructs. In an aspect, the ectodomain sequence 1s selected from
the group consisting of SEQ ID NQOs:34, 46, 47, and 57, In another aspect, the ectodomain
sequence comprises SEQ ID NG:34. In another aspect, the ectodomam sequence comprises SEQ
1D NG:46. In another aspect, the ectodomain sequence comprises SEQ 1D NG:47. In another
aspect, the ectodomain sequence comprises SEQ ID NG:S7.  Suitable combinations of
ectodomains, transmembrane domains and endodomains are recited above. In an aspect, the
present disclosure provides for an ectodomain sequence selected from the group consisting of SEQ
1D NQOs:28 10 65, in combination with a CD28 transmembrane domain and a CD28 endodoman.
In an aspect, the present disclosure provides for an ectodomam sequence selected from the group
consisting of SEQ 1D NGs:28 to 65, n combimnation with a CD28 transmembrane domain and a
CD3- { endodomain. In an aspect, the present disclosure provides for an ectodomain sequence
selected from the group consisting of SEQ ID NGs:28 to 65, in combmnation with a D28
transmembrane domain and a 4-1BB endodomain. In an aspect, the present disclosure provides
for an ectodomain sequence selected from the group consisting of SEQ 11 NOs:28 to 65, in
combination with a CD3- { transmembrane domain and a CD28 endodomain. In an aspect, the
present disclosure provides for an ectodomain sequence selected from the group consisting of SEQ

1D NOs:28 10 65, in combination with a CE3- { transmembrane domain and a CD3- { endodomain.
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in an aspect, the present disclosure provides for an ectodomain sequence selected from the group
consisting of SEQ 1D NOs: 28 1o 65, in combination with a CD3- { transmembrane domain and a
4-1BB endodomain. In an aspect, the present disclosure provides for an ectodomain sequence
selected from the group consisting of SEQ 1D NOs:28 to 65, in combination with a CD4
transmembrane domain and a {D28 endodomain. Inan aspect, the present disclosure provides for
an ectodomain sequence selected from the group consisting of SEQ 1D NOs:28 to 65,
combination with a CD4 transmembrane domain and a CD3- { endodomain. In an aspect, the
present disclosure provides for an ectodomain sequence selected from the group consisting of SEQ
ID NOs: 28 to 65, 1in combination with a CD4 transmembrane domain and a 4-1BB endodomain.
[8084] The present specification further provides, and includes, host cells transformed or
transfected with the expression constructs and nucleic acid sequences as defined above.
Preferably, the host cells are genetically engineered to introduce exogenous nucleic acid sequences
that are transcribed and translated to express one or more proteins. Introducing exogenous nucleic
acid sequences can be performed using methods known in the arnt inchuding transformation,
transfection and transduction. In an aspect, the host cell 1s a bactenia. In other aspects, the hose
cell 15 an womune cell selected from a natural killer T (NKT) cell, a T-cell, and a natural killer
{NEK} cell. In an aspect, the host cell is a T-cell. In another aspect, the host cell is an NKT cell.
In a further aspect, the host cell 1s a Type-I NKT cell. In yet a further aspect, the host cell 1s a
CD62L posttive Type I NKT cells. As provided heren, the host cells are part of a population of
host cells.

[8085] The present specification provides for, and includes, a population of cells comprising a
plurality of genetically engineered mumune cells comprising an expression construct encoding a
chimeric antigen receptor {CAR) coding sequence comprising an ectodomatn sequence comprising
an antibody or antigen binding fragment thereof that binds to chondroitin sulfate proteoglycan 4
{CSPG4) as deseribed above. Specific combinations of expression constructs are described above
and hereby ncorporated by reference.

{6086} In aspecis of the present disclosure, the population of cells comprise genetically engineered
immune cells comprise a natural killer T (NKT) cells, T-cells, or natural killer (NK) cells. Inan
aspect, the genetically engineered immune cells in the population comprises a plurality of CD62L-
positive Type I NKT cells. In an aspect, the population comprises plurality of CD62L-positive

Type I NKT cells comprising at least 50% of said plurality of cells.
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18087} The present disclosure provides for, and includes, a process for the production of immune
cells comprising that expression constructs for the expression of a CAR as described above in
detail. As provided herein, the process comprises isolating PBMUCs from a donor, separating
natural killer T (NKT) cells, T-cells, or natural killer {(NK} cells from the PBMCs to prepare
isolated immune cells, expanding the isolated immune cells for between 1 and 20 days to prepare
expanded immune cells for genetic engineering by stimulation of an endogenous T-cell receptor
and co-stimulation by costimulatory receptors, cvtokines, or a combination of both, and
mtroducing a chimeric antigen receptor {CAR) expression construct comprising an ectodomain
sequence comprising an antibody or antigen binding fragment thereof that binds to chondroitin
sulfate proteoglycan 4 {CSPG4) comprising a variable light chain selected from the group
consisting of SEQ 1D NOs:61 to 109 and a vanable heavy chain selected from the group consisting
of SEGQ ID NOs:110 to 152, In an aspect, the steps of preparing immune cells for genetic
engineering further comprises separating the immune cells from PBMCs using antt T-cell, anti-
NK celi, or anti-NK'T microbeads. In an aspect, the sumulation comprises culturing with growth
factors selected from 1L-7, 12, 11.-15, IL-21, TNF-alpha, or a combination thereof. In an aspect,
the rmmune cell 15 an NKT cell. In a further aspect, the NKT cell 15 a Type T NKT cell and the
step of expanding the separated NKT cells comprises culturing the T NKT cell 10 the presence of
at least aGalCer, and a growth factor for at least 1 day to prepare NKT cells for genetic enginesring.
[B808&8] o an aspect, the culture period for expanding the isolated immune cells for between 1 and
20 days to prepare expanded immune cells for genetic engineering 1s for 1 to 2 days, 1 to 3 days,
1tod days, 1to 5 days, 1 to 6 days, 1 to 7 days, 1 to 8 days, 1 to 9days, I to 16 days, 1 to 11 days,
1t0 12 days, 1 to 13 days, 1 to 14 days, 1 to 15 days, 1 to 16 days, 1 to 17 days, T to 18 days, 1 o
19 days, 1 to 20 days, 2 to 3 days, 2 to 4 days, 2 to S days, 2 10 6 days, 2 to 7 days, 2 t0 & days, 2
to 9 days, 2 to 10 days, 2to 11 days, 2 to 12 days, 2 to 13 days, 2 to 14 days, 210 15 days, 210 16
days, 2 t0 17 days, 2 to 18 days, 2 to 19 days, 2 to 20 days, 3 to 4 days, 3 to 5 days, 3 to 6 days, 3
to 7 days, 3 t0 8 days, 3 to 9 days, 3 to 10 days, 3 to 11 days, 3 to 12 days, 3 to 13 days, 3 to 14
days, 3 to 15 days, 3 o 16 days, 3 to 17 days, 3 0 18 days, 3 to 19 days, 3 to 20 days, 4 to 5 days,
41064107, 4108,4t09, 41010, 41011, 410 12, 4 t0 13 days, 4 to 14 days, 4 to 15 days, 4 to
16 days, 4 to 17 days, 4 to 18 days, 4 to 19 days, 4 to 20 days, 5 o 6 days, 5 to 7 days, 5 to 8 days,
5i0 9days, 5to 10 days, Sto 11 days, 5 to 12 days, 5 t0 13 days, S to 14 days, 5 to 15 days, 5 to

16 days, 5 to 17 days, 5 to 18 days, 5 to 19 days, 5 to 20 days, 6 io 7 days, 6 to 8 days, 6 to 9 days,
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610 10 days, 6to 11 days, 6 to 12 days, 6 to 13 days, 6 to 14 days, 6 to 15 days, 6 to 16 days, 6 to
17 days, 6 to 18 days, 6 to 19 days, 6 to 20 days, 7 to 8 days, 7 to 9 days, 7 to 10 days, 7 to 11
davs, 7to 12 days, 71013, Tto 14, 7t0 15, 710 16, Tto 17, 710 18, 7 to 19 days, 7 to 20 days, 8
10 9 days, 8 to 10 days, 8to 11 days, &to 12 days, 8 to 13 days, 8 to 14 davs, 80 15, days 810 16
davs, 8to 17 days, 810 18 days, 8o 19 days, 8 to 20 days, 9to 10 days, 9t0 11 days, 9 to 12 days,
9to 13 days, 9to 14 days, 9 to 15, days 9 to 16 days, 9 to 17 days, 9 to 18 days, 9 to 19 days, 9 to
20 days, 10 to 11 days, 10 to 12 deys, 10 to 13 days, 10 to 14 days, 10 to 15 days, 1010 16 days,
10 to 17 days, 10 to 18 days, 10 to 19 days, 10 to 20 days, 11 to 12 days, 11 to 13 days, 11 10 14
days, 11 to 15 days, 11 to 16 days, 11 to 17 days, 11 to 18 days, 11 to 19 days, 11 t0 20 days, 12
to 13 days, 1210 14 days, 1210 15 days, 12 to 16 days, 12 to 17 days, 12 to 18 days, 12 to 19 days,
12 t0 20 days, 13 to 14 days, 13 10 15 days, 13 to 16 days, 13 to 17 days, 13 to 18 days, 13t0 19
days, 13 to 20 days, 14 t0 15 days, 14 to 16 days, 14 to 17 days, 14 to 18 days, 14 to 19 days, 14
10 20 days, 1Sto 16 days, 1510 17 days, 15 to 18 days, 15 to 19 days, 15 to 20 days, 16 t0 17 days,
1610 18 days, 16 t0 19 days, 16 to 20 days, 17 to 18 days, 17 t0 19 days, 17 to 20 days, 1810 19
days, 18 to 20 days, or 19 to 20 days to prepare a population of genetically engineered NKT cells
for genetic engineering. 1o an aspect, the solated tmunune cells for use m a process for the
production of tmanune cells comprising that expression constructs for the expression of a CAR are
T cells. In another aspect, the 1solated ummune cells are NK cells. In an aspect, the isolated
immune cells are Type T NKT cells. In a further aspect, expanded umuune celis are CDO2L
positive Typse I NKT cells. As provided herein, the process for the produciion of immune cells
metudes isolating immune cells that are Type I NKT cells and expanding the Type I NKT cells by
culturing in the presence of at least aGalCer, IL-2, and IL-21. As provided above, the expression
consiructs may further mclude expression of an exogenous growth factor. In another aspect, the
expression consiructs include a transcriptional activator in the Wnt signaling pathway.  Also
inciuded and provided for i3 the addition of a DNA sequence encoding 4 small haupin RNA
(shRNA} sequence targeting an MHC class I or MHC class 1T gene, wherein the shRNA sequence
is embedded n an ariificial microRNA (amiR) scaffold. In aspects, protein coding sequences can
be separated by a foot-and-mouth disease virus (FMDV) 2A sequence or a FMDV 2A related cis
acting hydrolase element ({CHYSEL) sequence.

0089} The present disclosure provides for, and includes, methods for inhibiting chondrottin

sulfate proteoglycan 4 (CSPG4) positive cells in an individual, comprising the step of contacting
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the cells with a therapeutically effective amount of genetically engineered immune cells, wherein
said immune cells comprise a chimeric antigen receptor {CAR) comprising a transmembrane
domain sequence, an endodomain sequence and an ectodomain sequence comprising an antibody
or antigen binding fragment thereof that binds to chondroitin sulfate proteoglycan 4 (CSPG4}, said
antibody or antigen binding fragment comprising: 8 variable light chain sequence comprising light
chain complementariiy determining regions (“LCDRs™Y LCDR1 to LCDR3 sequences set forth in
SEQ 13 NOs:1-3 and e hight chain framework seguence 1 (VL-FR1) selected from the group
consisting of SEQ 1D NOs:153 to 221, a light chain framework sequence 2 (VL-FR2) selected
from the group consisting of SEQ 1D N(Os:222 to 225, a light chain framework sequence 3 (VL-
FR3) selected from the group consisting of SEQ ID NOs:226 to 249, and a light chain framework
sequence 4 {(VL-FR4) selected from the group consisting of SEQ 1D N(s:250 t0 255 and a variable
heavy chain sequence comprising heavy chain complementarity determining regions ("LCDRS™)
HCDRY to HCDR3 sequences set forth in SEQ ID NOs:4 to 6 and a heavy chain framework
sequence 1 (VH-FR1} selected from the group consisting of SEQ 1D NOs:256 to 349, a heavy
chain framework sequence 2 (VH-FR2) selected from the group consisting of SEQ ID NOs: 350 to
353, a heavy chain framework sequence 3 (VH-FR3) selected from the group consisting of SEQ
ID NOs:354 to 360, and a heavy chan framework sequence 4 (VH-FR4) selected from the group
consisting of SEQ I3 NOs:361 to 382, As used herein, inhubiting chondroitin sulfate protecglycan
4 {CSPG4) positive cells 10 an individual comprises inhibiting proliferation, inhibiting activity, or
a combination of both.

[8098] In aspects according 1o the present disclosure, the methods for intlubiting chondroitin
sulfate proteoglycan 4 {TSPG4) positive cells i an individual comprises genetically engineered
immune cells are that are vatural killer T (NKT) cells, T-celis, or natural killer (NK} cells. Inan
aspect, the genetically engineered tmmune cells are T-cells.  In another aspect, genetically
engineered immune cells are NKT cells. In vet another aspect, the NKT celis are Type-I NKT
celis. In a further aspect, the Type-I NKT cells are CD62ZL-positive Type-l NKT cells. In aspects,
the genetically engineered Type-I NKT cells comprise a majority of said genetically engineered
immune cells. In a further aspect, the genetically engineered Type-I NKT cells comprise a
magority of CD6ZL-postiive Type-I NKT cells.

8081} The present disclosure provides for, and includes, a method for the treatment of cancer,

comprising the step of administering to a subject in need thereof the genetically engineered
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immune cells comprising a chimeric antigen receptor {CAR) that binds to chondroitin sulfate
proteoglycan 4 {CSPG4) comprising a transmembrane domain sequence, an endodomain sequence
and an ectodomain sequence comprising an antibody or antigen binding fragment thereof that
binds to chondrottin sulfate proteoglycan 4 (CSPG4), said antibody or antigen binding fragment
comprising: a variable light chain sequence comprising light chain complementarity determining
regions ("LCDRs”y LCDR1 to LCDR3 sequences set forth in SEQ 1D NOs:1-3 and a light chain
framework sequence 1 {(VL-FR1} selected from the group consisting of SEQ ID NOs: 153 10 221,
a light chain framework sequence 2 (VL-FR2) selected from the group consisting of SEQ ID
N(Os:222 t0 225, a light chain framework sequence 3 (VL-FR3) selected from the group consisting
of SEQ 1D NOs:226 10 249, and a light chain framework sequence 4 (VL-FR4)} selected from the
group consisting of SEQ 1D NOs: 250 to 2535 and a variable heavy chain sequence comprising
heavy chain complementarity determining regions (“LCDRs”y HCDR1 to HCDR3 sequences set
forth in SEQ 1D NOs: 4 to 6 and a heavy chain framework sequence 1 {VH-FR1) selected from the
group consisting of SEQ 1D N(Os:256 to 349, a heavy chain framework sequence 2 (VH-FRZ)
selected from the group consisting of SEQ I3 NOs:350 to 353, a heavy chain framework sequence
3 (VH-FR3) selected from the group cousisting of SEQ ID NOs:354 to 360, and a heavy chain
framework sequence 4 (VH-FR4) selected from the group consisting of SEQ 1D NOs:361 to 382
[B692] As provided herein the methods of treating cancers expressing CPSPG4. In an aspect, the
methods provide for treating a cancer selected from the group consisting of melanoma, metastatic
melanoma disease glioblastoma, anaplastic thyroid cancer, soft tissue sarcoma, ghioma, and
leukemia. In an aspect, the cancer for treatment using the methods of the present disclosure is a
metastatic melanoma disease selected from superficial spreading melanoma, lentigo maligna,
lentigo maligna melanoma, acral lentiginous melanoma, or nodular melanoma. In an aspect, the
methods provide for treating a soft tissue sarcoma selected from a Leiomyosarcoma,
Dedifferentiated Liposarcoma, Undifferentiated pleomorphic sarcoma (UPS), Malignant Fibrous
Histiogyioma, High-Grade Spindle Cell Sarcoma, Myxofibrosarcoma, Malignant Peripheral Nerve
Sheath Temor (MPNST), and Synovial Sarcoma. See PMID: 32900797, In an aspect, the cancer
for treatment using the disclosed methods is a glioblastoma. See PMII» 34113233, In another
aspect, the methods provide for treating anaplastic thyroid cancer. See PMID 34078123, The
method according to claim 71, wherein said cancer 18 a glioma, astrocytoma, or

oligodendroglioma. See PMID:3259%9896. In an aspect, the cancer for treatment using the
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disclosed methods 1s leukemia including but not Himited to B-cell precursor leukemia and MLE-
translocated leukemia. See PMID:31195686.

{08093} The present disclosure provides for, and includes, treating cancers expressing CPSPG4 by
administering 0 a subject in need thereof a therapeutic amount of the genetically engineered
immune cells disclosed herein. In an aspect, the genstically engineered immune cells are natural
killer T {(NKT) cells, T-cells, or natural killer (NK} celis. In an aspect, the genetically engineered
immune cells are T-cells. In another aspect, the genetically engineered immune cells are NK'T
cells. In a further aspect, the genetically engineered NKT cells are Type-I NKT cells. Inyeta
further aspect, the genetically engineered Type-I NKT cells are CD62L-posiiive Type-I NKT cells.
In certain aspects, the genetically engineered Type-1 NKT celis comprise a majority of said
genetically engineered immune cells. In certain aspects, the genetically engineered Type-I NKT
cells comprise a majority of said genetically engineered CD62L-positive Type-1 NKT cells
10094} The present disclosure provides for, and includes, kits comprising the expression vectors,
host cells, or combinations thereof as described above. In an aspect the kits comprise vectors or
cells having a nucleic acid sequence encoding a transmembrane domain sequence, an endodomam
sequence and an ectodomain sequence comprising an antibody or antigen binding fragment thereof
that binds to chondroitin sulfate proteoglycan 4 (CSPG4), said antibody or antigen binding
fragment comprising: a vanable hight chain sequence comprising light cham complementarity
determining regions (“LCDRs”Y LCDR1 to LCDRS sequences set forth in SEQ ID NOs: -3 and a
fight chain framework sequence 1 (VL-FR1) selected from the group consisting of SEQ ID
NOs:153 to 221, a light chain framework sequence 2 (VL-FR2} selected from the group consisting
of SEQ 1D NOs:222 to 225, a light chamn framework sequence 3 {(VEL-FR3) selected from the group
consisting of SEQ 1D NOs:226 to 249, and a light chain framework sequence 4 (VL-FR4) selected
from the group consisting of SEQ ID NOs:25C to 255 and a variable heavy chain sequence
comprising heavy chain complementarity determining regions (“LCDRs”) HCDRI to HCDR3
sequences set forth 1in SEQ ID NOs:4 1o 6 and a heavy chain framework sequence 1 (VH-FR1)
selected from the group consisting of SEQ 1D NOs: 256 to 349, a heavy chain framework sequence
2 {VH-FR2) selected from the group consisting of SEQ D NOs:350 to 353, a heavy chain
framework sequence 3 (VH-FR3) selected from the group consisting of SEQ 1D N(s:354 t0 360,
and a heavy chain framework sequence 4 (VH-FR4) selected from the group consisting of SEQ

ID NQOs:361 to 382
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18095} The present disclosure provides for, and includes, a method for maintaining NKT cell
expansion potential in NKT cells expressing a chimeric antigen recepior {CAR) coding sequence
comprising an ectodomain sequence comprising an antibody or antigen binding fragment thereof
that binds to chondroitin sulfate proteoglycan 4 {CSPG4) comprising light chain complementiarity
determuning regions (“LCDRs™Y LCDR1I to LCDR3 sequences set forth in SEQ 12 NQOs:1-3 and a
fight chain framework sequence 1 (VL-FR1) selected from the group consisting of SEQ 1D
N{Os:153 t0 221; a hight chain framework sequence 2 (VL-FR2} selected from the group consisting
of SEQ 1D NOUs:222 to 225, a light chain framework sequence 3 (VL-FR3) selected from the group
consisting of SEG 1D NOs: 226 to 249; and a Light chain framework sequence 4 (VL-FR4) selected
from the group consisting of SEQ 1D NOs: 250 10 255; avariable heavy chain sequence comprising
heavy chain complementarity determining regions ("HCDRs”) HCDR1 to HCDR3 sequences set
forth in SEQ ID NOs:4 to 6 and a heavy chain framework sequence 1 (VH-FR1) selected from
the group consisting of SEQ 1D NOs:256 to 349; a heavy chain framework sequence 2 {VH-FR2)
selected from the group consisting of SEQ 1D NOs:350 to 353; a heavy chain framework sequence
3 (VH-FR3} selected from the group consisting of SEQ ID NOs:354 to 360; and a heavy chan
framework sequence 4 (VH-FR4) selected from the group consisting of SEQ 1D N(s:361 to 382;
a transmembrane domain sequence; and an endodomain sequence, said method comprising method
comprising expressing a protein coding sequence comprising a transcriptional activator in the Wnt
signaling pathway, and culturing said engineered NKT celis to prepare a population of genetically
engineersd NKT cells with persistent expanston potential,

[8096] In certain aspects, the population of genetically engmeered NKT cells with persistent
expansion potential according to the present disclosure comprises at least 10%, at least 15%, at
least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at ieast 50%, at Jeast
55%, at least 60%, at least 65%, at least 70%, at least 75%, at least B0%, at least 85%, at least 90%,
or at feast 95% of the total cell population. In certain aspects, the population of genetically
engineered NKT cells with persistent expansion potential according to the present disclosure
comprises at least 10% up to 80%, between 10% and 90%, between 10% and 95%, between 10%
and 98%, between 10% and 99%, and up to 100% wherein non-engineered NKT cells comprise
fess than 99.9% of the total population. In aspects, the population of genetically engineered NKT
cells with persisient expansion potential according to the present disclosure comprises at least

30%, at least 35%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%,
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at least 90%, or at least 95% of the total cell population. In certain aspects, the population of
genetically engineered NKT cells with persistent expansion potential according to the present
disclosure comprises between at least 50% up to 70%, between 50% up to 80%, between 50% and
90%, between 50% and 95%, between 50% and 98%, between 50% and 99%, and up to 1060%
wherein non-enginecered NKT cells comprise less than 99.9% of the total population. In aspects,
the engineered NKT cells further express a CAR. In other aspects, the engineered NKT cells
express 3 CAR and an exogenous growth factor.

{8097} In certain aspects, the population of genetically engineered NKT cells with persistent
expansion potential according to the present disclosure comprises at least 50%, at least 53%, at
feast 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, or at
least 95% CDO2L{+) NKT cells. In certain aspects, the population of genetically engineered NKT
cells with persistent expansion potential according to the present disclosure comprises 50% to
3384, 30% to 60%, about 50% to 65%, S0% to 70%, 50% to 75%, 30% to 80%, 50% to 85%, 50%
to 90%, 50% to 95%, 50% to 100%, $5% to 60%, 55% to 65%, 55% to 70%, 55% to 75%, 55%

to 80%, 55% to 83%, 55% to 90%, 55% to 93%, 55% to 100%, 60% to 65%, 60% to 70%, 60%

N
()

0/‘.

to 73%, 60% to 80%, 60% to 83%, 60% to 90%, 60% to 95%, 60% to 100%, 65% to 70%, 65%
o 75%, 65% to 80%, 65% to 85%, 65% to 90%, 65% to 95%, 65% to 100%, 70% to 75%, 70%

o

to 80%, 70% to 85%, 70% to 50%, 70% to 95%, 70% to 100%, 75% to 80%, 75% to 85%, 759
to 90%, 75% to 95%, 75% to 100%, 80% to 85%, 80% to 90%, 80% to 95%, 80% to 100%, 85%
to 90%, 85% to 95%, 85% to 100%, 90% to 95%, 90% to 100%, or 95% to 100% D621+ NKT
cells. In certain aspects, the population of genetically enginesred NKT cells with persistent
expansion potential according to the present disclosure comprises 50%, 55%, 60%, 63%, 70%,
75%, 80%, 85%, 90%, 95%, or 100% CD62EL(+) NKT cells. In aspects, the engineered CDO2L{+}
NKT cells further express a CAR. In other aspects, the engineered CDO2L{+} NKT cells express
a CAR and an exogenous growth factor.

{8098} The present disclosure provides for, and mncludes, methods for mamtainmng NKT cell
expansion potential comprising the steps of engineering NKT cells to express at least a proten
coding sequence comprising a transcriptional activator in the Wnt signaling pathway and culturing
the engineered NKT cells to prepare a population of genetically engineered NKT cells with

persistent expansion potential, wherein said engineered NKT cells are cultured for a period of time.
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18099} In aspects, the methods for maintaining NKT cell expansion potential comprising the steps
of enginecering NK'T cells further comprises separating desired cells from the population of
genetically enginesred NKT cells with persistent expansion potential. In an aspect, the method
further comprises separating the engineered NKT cells by the expression of CD62ZL to produce a
sefected population of CD6ZL{+) genetically engineered NKT cells. In an aspect, the method
further comprises separating the engineered NKT cells by the expression of 4-1BB to produce a
selected population of 4-1BB (+} genetically engineered NKT cells.

{60106} The methods for maintaining NKT cell expansion potential of the present disclosure
provides for, and includes, populations of genetically engineered NKT cells with persistent
expansion potential exhibit i# vive persistence as infiltrates info neurcblastorna xenografts in
humanized NSG mice.

{80161} The present disclosure provides for, and includes, methods for reducing NKT cell
exhaustion comprising the steps of engineering NKT cells to express at least a protein coding
sequence comprising a transcriptional activator in the Wat signaling pathway and culturing the
engineered NKT cells to prepare a population of genetically engineered NKT cells with persistent
expansion potential to produce cell populations wherein the genetically engineered NKT cells
comprise greater than 10% CD62L{+) NKT cells of the total population of cells. In aspects, the
10% or greater population of genetically engineered CD62L{+) NKT cells with persistent
expansion potential comprises Type I NKT cells. In aspects, the total population comprises Type
INKT cells, Type H NKT cells, trradiated PBMC cells, non-NKT cells, and non-engineered cells.
In aspects, the engineered CDG2L{+) NKT cells further express a CAR. In other aspects, the
engineered CDO2L{+) NKT cells express a CAR and an exogenous growth factor,

[801062] The present disclosure provides for, and includes, a method of reducing tonic
signaling in mouse models 10 an scFv comprising: wentifving an scFv that has toni¢ signaling
when expressed in a mouse wnmine cell as part of a CAR; generating a structural model of said
schy, and performing computational mutagenesis to prepare a series of mutagenized scFvs;
calculating the free energy of said mutagenized scFvs; aligning said mutagenized scFvs to a
humanized scFv comprising framework 1.4 (FW1.4} identifying critical muring residues; and
mitrpducing one or more human to mouse residue changes to increase stability of said scFv and
prepare a modified humanized scFv for use in mouse models. In an aspect, the method comprises

a modified humanize FW1.4 comprising at least one of a light chain framework regions (VL-FR)
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1to 4 of SEQ ID NOs:7 to 10, a linker region of SEQ 1D NO:11, or heavy chaim framework region
{(VH-FR) 1 t¢ 4 of SEQ ID NOs:12 to 15, In an aspect, the modified humanized scFv comprises
modified a modified FR regions selected from the group consisting of SEQ 1D NQOs: 16 16 27, Asg
used herein, tonic signaling 18 measured by the spontaneous release of cytokines such as INFy. In
aspects according 1o the present disclosure, the methods of reducing tonic signaling in mouse
modeis 10 an scFv as part of a CAR result in INFy levels that are indistinguishable form the levels
of INFy release by a non-CAR coniaining cell under the same culture conditions. In other aspects,
the tonic signaling is reduced by at least two-fold compared {0 a non-mutated scFv that is part of
a CAR. In another aspect, the tontc signaling  1s reduced by at least five-fold compared to a non-
mutated scFv that is part of a CAR. In another aspect, the tonic signaling is reduced by at least ten
fold compared to a non-mutated scfFv that s part of a CAR. Tn another aspect, the tonic signaling
is reduced by at least fifty-fold compared to a non-mutated scFv that is part of a CAR. In aspects,
tonic signaling is reduced by 100 fold, compared to a non-mutated scFv that is part of a CAR. In
an aspect, tonic signaling is reduced between 10 and 100 fold, compared to a non-mutated scFv
that 1s part of a CAR. Inan aspect, tonic signaling is reduced between S and 50 fold, compared to
a non-rautated scEv that ts part of a CAR. In an aspect, tonic signaling s reduced between 10 and
200 fold, compared to a non-mutated scFv that is part of a CAR. In other aspects, the tonic
signaling, as measured by the spontaneous release of INFy, 1s reduced wherein the level of INFy
is less than 200 pg/ml/3x10°cells. Tn other aspects, the tonic signaling, as measured by the
sporianeous release of INFy, 15 reduced wherein the level of INFy 5 less than 100
pa/mi/5x10°cells. In other aspects, the tonic signaling, as measured by the spontaneous release of
INFy, 15 reduced wherein the level of INFy is less than 10 pg/ml/Sx107cells. In aspects, the level
of tonic signaling, after mutation of the scFv as part of a CAR according to the present disclosure
is at or near the level of detection of INFy. Inaspects, imrnune cells having reduced tonie signaling
have persistent expansion potential and increased functionality. In aspects, mumune cells having
reduced tonic signalmg have persistent expansion potential, reduced immune cell exbaustion, and
improved antitumor effects iz vivo.

100103} As provided by the present specification the method for reducing tonic signaling an
mouse models comprise, the mouse immune cell is a natural killer T (NKT) cell, a T-celi, ora

natural killer (NK} cell. In an aspect, the mouse immune cell is a T-cell. In another aspect, the
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mouse immune cell is an NKT cell. In a further aspect, the NKT cell is a Type-I NKT cell. Invet
a further aspect, the NKT cell s 3 CD62L~positive Type-I NKT cell.

{00164} Unless defined otherwise, all technical and scientific terms used herein have the
meaning commonly understood by a person skilled in the art to which this invent ion belongs. The
following references provide one of skill with a general definition of many of the terms used in
this mvention: Singleton ef ¢/, Dictionary of Microbiology and Molecular Biology (2nd ed. 1994},
The Cam bridge Dictionary of Science and Technology (Walker ed., 1988); The Glossary of
Genetics, Sth Ed | R. Rieger ef af (eds ), Springer Verlag (1991); and Hale & Marham, The Harper
Collins Dictionary of Biology (1991). As used herein, the following terms have the meanings
ascribed to them below, unless specified otherwise.

60105} The terms “comprises”, “comprising”, “includes”, “including”, “having” and their
conjugates mean “including but not limited to.” The term “consisting of” means “including and
iimited t0.” The term “consisting essentially of” means that the composition, method or structure
may include additional ingredients, steps and/or parts, but only if the additional ingredients, steps
and/or parts do not materially alter the basic and novel characteristics of the claimed composition,
method or structure.

[80186] As used herein, the singular form “a7, “an” and “the” nclude plural references
unless the context clearly dictates otherwise. For example, the term “a cell” or “at least one cell”
may nclade a plurality of cells, including mixtures thereof.

100167} Throughout this apphication, various embodiments of this disclosure may be
presented in a range format. It should be understood that the description in range format is merely
for convenience and brevity and should not be construed as an nflexible limitation on the scope
of the disclosure. Accordingly, the description of a range should be considered to have specifically
disclosed all the possible subranges as well as individual numerical values within that range. For
example, description of a range soch as from 1 to 6 should be considered to have specifically
disclosed subranges such as from 1 10 3, from 1 to 4, from 1 t0 5, from 2 to 4, from 2 10 6, from 3
0 6 etc., as well as individual numbers within that range, for example, 1, 2, 3, 4, 5, and 6. This
applies regardless of the breadth of the range.

{60108] As used herein the term “method” refers to manners, means, techniques and
procedures for accomplishing a given task imcluding, but not himited to, those manners, means,

techniques and procedures either known o, or readily developed from known manners, means,
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technigues and procedures by practitioners of the chemical, pharmacological, bislogical,
biochemical and medical arts.

{00169} As used herein, “treatment” refers t¢ clinical intervention in an attempt to alter the
disease course of the individual or cell being treated, and can be performed either for prophylaxis
or during the course of clinical pathology. Therapeutic effects of treatment include, without
fimitation, preventing occurrence or recurrence of disease, alleviation of symptoms, diminishment
of any direct or indirect pathological consequences of the disease, preventing metasiases,
decreasing the rate of disease progression, amelioration or palliation of the disease state, and
remission or improved prognosis. By preventing progression of a disease or disorder, a treatment
can prevent deterioration due to a disorder in an affected or diagnosed subject or a subject
suspected of having the disorder, but also a treatment may prevent the onset of the disorder or a
symptom of the disorder in a subject at risk for the disorder or suspected of having the disorder.
80119} Nucleic acid molecules useful 1o the methods of the invention include any nucleic
acid molecule that encodes a polypeptide of the invention or a fragment thereof. Such nucleic acid
molecules need not be 100% dentical with an endogenous nucleic acid sequence, but will encode
a polypeptide that is identical to the recited sequences.

HEUREY The terms “subject,” “individual,” and “patient,” are used mterchangeably heremn
and refer to any vertebrate subject, including, without himitation, mammals, preferably a hurans
and other primates, mchuding non-human primates such as laboratory animals ncluding rodents
such as mice, rats and guinea pigs, The term does not denote a particular age. Thus, both adult
and newborn individuals are intended to be covered.

[86112] By “effective amount” 1s meant an amount sufficient to have a therapeutic effect.
In one embodiment, an “effective amount” is an amount sufficient to arrest, ameliorate, or inhibit
the continued proliferation, growth, or metastasis (e.g., mvasion, or nmugration) of a negplasia.
[80113] The terms “isolated,” “purified,” or “biologically pure” refer to material that 15 free
to varying degrees from components which normally accompany it as found in its native state.
“Isolate” denotes a degree of separation from original source or surroundings. “Purify” denotes a
degree of separation that is higher than isolation. A “purified” or “biclogically pure” protein is
sufficiently free of other materials such that any impurities do not materially affect the biological
properties of the protein or cause other adverse consequences. That is, a nucleic acid or peptide

of this invention is purified if it is substantially free of cellular material, viral material, or culture
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medium when produced by recombinant PNA technigues, or chemical precursors or other
chemicals when chemically synthesized. Purity and homogeneity are typically determined using
analytical chenustry techniques, for example, polyacrvlamide gel electrophoresis or high
performance liquid chromatography. The term “purified” can denote that a nucleic acid or protein
gives rise to essentially one band in an electrophoretic gel. For a protein that can be subjected to
modifications, for example, phosphorylation or glycosylation, different modifications may give
rise to different isolated proteins, which can be separately purified.

{80114} The term, “operably linked”, as used herein, is meant the hnking of two or more
biomolecules so that the biological functions, activities, and/or structures associated with the
biomolecules are at least retained. In reference to polypeptides, the term means that the linking of
two or more polypeptides results in a fusion polypeptide that retains at least some of the respective
mdividual activities of each polypeptide component. The two or more polypeptides may be linked
directly or via a linker. In reference to nucleic acids, the term means that a first polynucleotide is
positioned adjacent to a second polynucleotide that directs transcription of the first polynucleotide
when appropriate molecules (e g, transcriptional activator proteins) are bound to the second
polynucleotide.

(80115} As used heretn, “populations of cells” refer to pluralities of cells and may further
comprise mixtures of different cell types as well as homogenous populations.

{88116} The term, “recognize” 13 meant selectively binds a target.  An immune cell that
recognizes a cell typically expresses a receptor that binds an antigen expressed by the cell. Immune
cells in aspects according to the present disclosure express a CAR the binds to chondroitin sulfate
proteoglycan 4 {CSPG4).

(80117} As used herein, an “autonomous mira-ribosomal self-processing peptide” 15 a small
peptide of 18 amino acids that avoids the need of proteinases to process a polyprotein into separate
proteins. First discovered in foot-and-mouth disease virus, when mtroduced as a hinker between
two proteins, these peptides provides for the autonomous mitra-ribosomal self-processing of
polyproteins. Similar sequences have been identified mn other members of the pircornaviradae.
See de Felipe, “Skipping the co-expression problem: the new 2A “CHYSEL’ technology,” Genefic
Vaccines and Therapy 2:13 (2004},

00118} As used herein, the term “engineering” refers to the genetic modification of a cell

to introduce one or more exogenous nucleic acid sequences. Preferably, engineering imtroduced
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exogenous nucleic acid sequences that are transcribed and translated to express a protein.
Introducing exogenous nucleic acid sequences can be performed using methods known in the art
inchuding transformation, transfection and transduction.

{80119} As used herein, the term “transcriptional activator in the Wat signaling pathway”
generally refers to proteins, that when exogenously expressed in a cell, activate genes downstream
of Wnt/ B-catenin signaling pathway. A transcriptional activator in the Wat signaling pathway
mncludes the expression of positive regulators of Wnt signaling such as LEF1 and inhibition of
negative regulators, such as GSK3f. Also included in transcriptional activators of Wnt signaling
are small molecule activators including, but not limited to those described in Blagodatsk: et af |
“Small Molecule Wit Pathway Modulators from Natural Sources: History, State of the Art and
Perspectives,” Cells 9:589 (2020} and Verkaar e¢f af, “Discovery of Neovel Small Molecule
Activators of f-catenin Signaling,” PLoS ONE &{4). 19185 (2011} and include inhibitors of
negative regulators of Wnt signaling, such as TWS119 (See Ding er o/, Synthetic small molecules
that control stem cell fate,” PNAS 100(13):7632-7 (2003}).

[88128] As used herein, the phrase “expresses a growth factor” refers to the exogenous
expression of one or roore growth factors, generally under the countrol of a beterclogous promoter
and more usually as part of a polyprotein downstream of a CHYSEL sequence.

{89121} While the present disclosure has heen described with reference to certain
ernbodiments, it will be understood by those skilled n the art that various changes may be made
and equivalents may be substituted for elements thereof to adapt to particular situations without
departing from the scope of the present disclosure. Therefore, 1t 18 intended that the present
disclosure not be hinuted to the particular embodiments disclosed as the best mode contemplated
for carrying out the present disclosure, but that the present disclosure will include alf embodiments

falling within the scope and spirit of the appended claims.

[80122] Any references cited herein are incorporated by reference m their entireties.
Embodiments:
[60123] Embodiment 1: A binding member having a binding specificity to chondroitin

sulfate proteoglycan 4 (CSPG4), said binding member comprises a variable hight chain sequence
comprising light chain complementarity determining regions (“LCDRs”) LCDRI to LCDR3
sequences set forth in SEQ 1D NOs:1-3 and a light chain framework sequence 1 {(VL-FR1} selected

from the group consisting of SEQ D NQOs:153 to 221; a light chain framework sequence 2 (VL-
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FR2) selected from the group consisting of SEQ 1D NOs:222 to 225, a light chain framework
sequence 3 (VL-FR3) selected from the group consisting of SEQ 1D NOs:226 to 249; and a light
chain framework sequence 4 {VL-FR4) selected from the group consisting of SEQ 1D NGs:250 to
255; a vanable heavy chain sequence comprising heavy chain complementarity determining
regions (“HCDRs”) HCDRI to HCDR3 sequences set forth i SEQ 1D NOs:4 o 6 and a heavy
chain framework sequence 1 {(VH-FR1} selected from the group consisting of SEQ 1D NQOs:256 to
349; a heavy chain framework sequence 2 (VH-FR2) selected from the group consisting of SEQ
1D NOs:350 to 353; a heavy chain framework sequence 3 {VH-FR3) selected from the group
consisting of SEQ D NOs:354 to 360; and a heavy chain framework sequence 4 {(VH-FR4)
selected from the group consisting of SEQ ID NOs:361 to 382

[08124] Embodiment 2: The binding member having a binding specificity to CSPG4 of
embodiment 1, wherein said light chain framework sequence 1 (VL-FR1} 1s selected from the
group consisting of SEQ 1D NOs:153 1o 158; said light chain framework sequence 2 (VL-FR2) 15
selected from the group consisting of SEQ 1D NOs:Z22 to 225; said light chain framework
sequence 3 (VL-FR3) 1s selected from the group consisting of SEQ 1D NOs:226 to 231; and said
fight chain framework sequence 4 (VE-FR4) 15 selected from the group conssting of SEQ ID
NOs:250 to 255; said heavy chain framework sequence | (VH-FR1) 15 selected from the group
consisting of SEQ 1D NOs:347 to 349; said heavy chain framework sequence 2 (VH-FR2) 1s
selected from the group consisting of SEQ I3 NO«:350 to 353; said heavy chain framework
sequence 3 {VH-FR3) 1s selected from the group consisting of SEQ 1D NGs:354 to 360; and said
heavy cham framework sequence 4 (VH-FR4) is selected from the group consisting of SEQ 1D
NQOs:361 to 362

(80125} Embodiment 3: The binding mermber having a binding specificity to CSPG4 of
embodiment 1 or 2, wherein said vaniable light chain sequence comprises a sequence selected from
the group consisting of SEQ 1D NOs:67 to 109 and said variable heavy chain sequence comprises
a sequence selected from the group consisting of SEQ 1D NGs: 11010 152,

{60126} Embodmeni 4. A nucleic acid encoding a polypeptide comprising a variable hight
chain sequence comprising light chain complementarity determining regions (“LCDRs™ LCDRI
to LODR3 sequences set forth in SEQ ID NOs:1-3 and a light chain framework sequence 1 (VL-
FR1) selected from the group consisting of SEQ 1D NQOs:153 to 221; a light chain framework

sequence 2 {VL-FR2) selected from the group consisting of SEQ ID NOs:222 t0 225; a light chain
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framework sequence 3 (VL-FR3) selected from the group consisting of SEQ D NOs:226 to 249;
and a light chain framework sequence 4 (VL-FR4)} selected from the group consisting of SEQ 1D
NOs:250 to 255,

{60127} Embodiment 5. A nucleic acid encoding a polypeptide comprising a variable heavy
chain sequence comprising heavy chain complementarity determining regions ("HUDRs™)
HCDRI to HCDR3 sequences set forth in SEQ 1D NOsi4 to 6 and a heavy chain framework
sequence | {(VH-FR1) selected from the group consisting of SEQ [D NOs:256 to 349; a heavy
chain framework sequence 2 (VH-FR2) selected from the group consisting of SEQ 1D NOs:350 to
353; a heavy chain framework sequence 3 (VH-FR3) selected from the group consisting of SEQ
ID NQOs:354 t0 360; and a heavy chain framework sequence 4 (VH-FR4) selected from the group
consisting of SEQ ID NOs:361 to 382.

[60128] Embodiment 61 A chimeric antigen receptor {CAR) expression construct
comprising nucleic acid sequences encoding a chimeric antigen receptor {CAR) coding sequence
comprising an ectodomain sequence comprising an antibody or antigen binding fragment thereof
that binds to chondroitin sulfate proteoglycan 4 {CSPG4) comprising variable hight chain sequence
comprising light chain complementarity determuning regions ("LCDRs”) LCDRY to LCDR3
sequences set forth in SEQ ID NOs:1-3 a light chain framework sequence 1 (VL-FR1) selected
from the group consisting of SEQ ID NQOs: 153 to 221; a light chain framework sequence 2 {(VL-
FR2) selected from the group consisting of SEQ ID NOs:222 to 225; a hght chain framework
sequence 3 (VL-FR3} selected from the group consisting of SEQ 1D NOs:226 10 249; and a light
chain framework sequence 4 (VL-FR4) selected from the group consisting of SEQ ID N(Us:250 to
255; a vanable heavy chain sequence comprising heavy chain complementarity deternmining
regions ("HCDRs”) HCDRI to HCDR3 sequences set forth in SEQ 1D NOs:4 to 6 and a heavy
chain framework sequence 1 { VH-FR1) selected from the group consisting of SEQ 1D NGs:256 1o
349; a heavy chain framework sequence 2 (VH-FRZ) selected from the group consisting of SEQ
ID NQOs:350 to 353; a heavy chamn framework sequence 3 {VH-FR3) selected from the group
consisting of SEQ ID NOs:354 to 360; and a heavy chain framework sequence 4 (VH-FR4)
selected from the group consisting of SEQ ID N(s:361 0 382; a transmembrane domain sequence;
and an endodomain sequence.

00129} Embodiment 70 The chimeric antigen receptor {CAR) expression construct of

embodiment 6, wherein said {ransmembrane domain is selected from the group consisting of CD28
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(Gene 1D):940, 12487), CD3- { (Gene 113:919:12503 CD247 ), CD4 (Gene ID:920, 12504), (D8
{Gene ID:924, 12525 3, CD16 (Gene 1102214, 14131, Fegr3 ), NKpdd (Gene 113:9436, NCR2),
NKp46 (Gene [10:9437 17086, NCR1 }, and NKG2d {(Gene [1:22914,27007 KLRK1 ).

{60130} Embodiment 8. The chimeric antigen receptor {CAR} expression consiruct of
embodiment 6 or 7, wherein said endodomain sequence is selected from the group consisting of
D28 (Gene 1D:940), TNF receptor superfanuly member 9 (Gene ID 3604, eg, 4-1BB or
CD137), CD247 (Gene 1D 919, CD3-(), 2B4 (Gene ID:531744, CD244), Interlevkin 21 (1L-21,
Gene 1D 59067), hematopotetic cell signal transducer (HCST, Gene ID 10870 e g, DAP10), and
transmembrane immune signaling adaptor (TYROBP, Gene 1D 7305; DAP12).

{89131} Embodiment 9: The chimeric antigen receptor {CAR) expression construct of any
one of embodiments 6 to 8, further comprising sequences encoding a protein sequence for a
transcriptional activator in the Wnt signaling pathway.

180132} Embodiment 10: The chimeric antigen receptor (CAR) expression construct of any
one of embediments 6 to 9, wherein said expression construct encodes a polyprotein comprising
said protem sequence for a transcriptional activator i the Wnt signaling pathway and up to three
additional protem coding sequences.

[60133] Embodient 11: The chimeric antigen receptor {CAR) expression construct of any
one of embodiments 6 to 10, wherein said protemn sequence for a transcriptional activator in the
Wnt signaling pathway and up to three addiional protein coding sequences are separated by an
autonomous intra-ribosomal self-processing peptide.

[60134] Embodiment 12: The chimeric antigen receptor {C AR} expression construct of any
one of embodiments 6 to 11, wherein said autonomous intra-ribosomal self-processing 15 a foot-
and~-mouth disease virus (FMDV} 2ZA sequence or a related ¢is acting hydrolase element
(CHYSEL).

(80135} Embodiment 13: The chimeric antigen receptor ({CAR) expression construct of any
one of embodiments 6 to 12, wherem said transcriptional activator s selected from the group
consisting of lymphoid enhancer binding factor 1 (LEFI, Gene ID 51176), beta-catenin
{(CTNNB1, Gene ID 14993}, Smad3 (Gene 1D 4088), HNF1 homesbox A (HNF1A, Gene ID:
6927 (alt. TCF1), transcription factor 7 (TCF7, Gene ID:6932 (alt. TCF1) and TLE family member

1, transcriptional corepressor (TLE 1, Gene ID 7088).
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100136} Embodiment 14: The chimeric antigen receptor (CAR) expression construct of any
one of embodiments 6 to 13, wherein said LEF1 selecied from the group consisting of Reference
Sequence (RefSeq) ID NOs: NP_057353.1, NP 0011241851, and NP_001124186.1.

{80137} Embodiment 15: The chimeric antigen receptor {CAR) expression construct of any
one of embodiments 6 to 14, further comprising at least one protein coding sequence for a growth
factor.

{00138} Embodiment 16: The chimeric antigen receptor (CAR) expression construct of any
one of embodiments 6 to 15, wherein said growth factor is selected from the group consisting of
mterleukin-15 (IL-15), interlevkin-7 (IL-7), mterleukin-12 (IL-12), interleukin-18 (IL-18),
mterleukin-21 (1L-21), interleukin-27 (1L-27), interfeukin-33 (1L-33}, and combinations thereof.
160139} Embodiment 17: The chimeric antigen receptor (CAR) expression construct of any
one of embodiments 6 to 16, wherein said protein coding sequence for a growth factor is separated
from said CAR coding sequence by a foot-and-mouth disease virus (FMDV) 2A sequence or a
FMDV 2A related cis acting hydrolase element (CHYSEL) sequence.

{80148} Embodiment 18 The chirneric antigen receptor ({CAR) expression construct of any
one of embodimuents & to 17, wherein said ectodomain sequences further comprises a spacer
domain.

[B0141] Embodiment 19: The chimeric antigen receptor (CAR) expression construct of any
one of embodiments 6 to 18, wherein said endodomain comprises the signal sequence of 4-1BB
fused in-frame to a CD3-zeta chamn,

[80142] Embodiment 20: The chimeric antigen receptor {C AR} expression construct of any
one of embodiments 6 to 19, further comprising a DNA sequence encoding a small hairpin RNA
{shRNA} sequence targeting an MHC class [ or MHC class I gene, wherein the shRNA sequence
is embedded in an artificial microRNA (amiR) scaffold.

(80143} Embodiment 21: A chimeric antigen receptor {CAR) comprising: an ectodomam
sequence comprising an antibody or antigen binding fragment thereof that binds o chondroitin
suffate proteoglyean 4 (CSPG4) selected from the group consisting of SEQ 1D NOs:28 to 65; a
transmembrane domain sequence; and an endodomain sequence.

{60144} Embodiment 22: The chimeric antigen receptor {CAR) of embodiment 21, wherein
said ectodomain sequence 1s selected from the group consisting of SEQ ID NGs:34, 46, 47, and

57.
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[00145] Embodiment 23: The chimeric antigen receptor {CAR) of embodiment 21 or 22,
wherein said ectodomain sequence comprises SEQ 1D NO:34.

00146} Embodiment 24: The chimeric antigen receptor {CAR) of embodiment 2 or 221,
wherein said ectodomain sequence comprises SEQ 1D NQ:46.

00147} Embodiment 25 The chimeric antigen receptor {CAR) of embodiment 21 or 22,
wherein said ectodomain sequence comprises SEQ 1D NO:47.

{00148} Embodiment 26: The chimeric antigen receptor (CAR) of embodiment 21 or 22,
wherein said ectodomain sequence comprises SEQ 1D NO:57.

100149} Embodiment 27; The chimeric antigen receptor {CAR) of any one of embodiments
21 to 26, wherein said a transmembrane domain sequence selected from the group consisting of
CD28 (Gene 113:940, 12487), CD3- { {Gene {D:919;12503 CD247 ), CD4 (Gene 1D:920, 12504),
CD8 (Gene 112924, 12325y, CD16 (Gene H:2214; 14131; Feprd ), NKpdd (Gene 1D:9434,
NCRZ), NKp46 (Gene [D3:9437, 17086, NCR1 }, and NKG2d (Gene 1D3:22914;27007 KLRK1 }
[60150] Embodiment 28 The chumeric antigen receptor (CAR) of any one of emboediments
21 to 27, wherein said endodorsain sequence 13 selected from the group consisting of CD28 (Geue
113:940), TNF receptor superfamily merber 9 (Gene 1D 3604, eg., 4-1BB or CD137), CD247
{Gene ID 219, CD3-0), 2B4 (Gene 1D:51744, CD244), Interleukin 21 (IL-21, Gene 1D 39467),
hematopoietic cell signal transducer (HCST, Gene 1D 10870 e.g., DAP10), and transmembrane
immune signaling adaptor (TYROBP, Gene ID 7305, DAP1IZ).

{00151} Embodiment 29 A nucleic acid molecule encoding 3 CAR comprising an
ectodomain sequence comprising an antibody or antigen binding fragment thereof that binds to
chondrotiin sulfate proteoglycan 4 (CSPG4) selected from the group consisting of SEQ 1D NGs:28
to 65; a transmembrane doman sequence; and an endodomain sequence.

[09152] Embodiment 30: The nucleic acid molecule encoding a CAR of embodiment 29,
wherein said ectodomain sequence 15 selected from the group consisting of SEQ ID NQOs:34, 46,
47 and 57.

[60153] Embodimeni 31 The nucleic acid molecule encoding a CAR of embodiment 29 or
30, wherein said ectodomain sequence comprises SEGQ ID NO:34

[80154] Embodiment 32: The nucleic acid molecule encoding a CAR of embodiment 29 or

30, wheretn said ectodomain sequence comprises SEQ ID NO46.

(o)}
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00155] Embodiment 33. The nucleic acid molecule encoding a CAR of embodiment 29 or
30, wherein said ectodomain seguence comprises SEQ 1D NO:47.

[00156] Embodiment 34. The nucleic acid molecule encoding a CAR of embodiment 29 or
30, wherein said ectodomain seguence comprises SEQ 1D NO:57.

{08157} Embodiment 35 The nucleic acid molecule encoding a CAR of any one of
embodiments 29 to 34, wherein said a transmembrane domain sequence selected from the group
consisting of CD28& (Gene 113:940, 12487), CD3- { (Gene 113:919;12503 D247 3}, (D4 (Gene
1:920, 12504), CD8 (Gene ID:924, 12525 ), CD16 (Gene 1D:2214; 14131; Fegr3 ), NKpd4 (Gene
ID:9436, NCR2), NKpd6 (Gene 119437, 17084, NCR1 ), and NKGZd (Gene [D:22914;27007
KLRK1)

[00158] Embodiment 36 The nucleic acid molecule encoding a CAR of any one of
embodiments 29 to 35, wherein said endodomain sequence 15 selected from the group consisting
of CD28 (Gene ID:940), TNF receptor superfanuly member 9 (Gene 1D 3604, eg., 4-188 or
D137y, CD247 (Gene ID 919, CD3-0), 2B4 (Gene 1D:51744, CD244), Interleukin 21 (1L-21,
Gene 1D 59067), hematopoietic cell signal transducer (HCST, Gene ID 10870 e.g., DAPI0), and
transmernbrane mmune sighaling adaptor (TYROBP, Gene [D 7305; DAP12).

(60159} Embodiment 37. A host cell transformed or transfected with the expression
construct as defined in any one of embodiments 6 to 20 or with the nucleic acid sequence as defined
in any one of embodiments 29 to 35

{09160] Embodiment 38: The host cell of embodiment 37, wherein said host cell 1s selected
from the group consisting of a bacteria, 8 natural killer T (NKT) cell, a T-cell, and a natural kajler

{NK) celi.

[80161] Embodiment 39 The host cell of embodiment 37 or 38, wherein said host cell is a
T-cell.
[88162] Embodiment 40: The host cell of embodiment 37 or 38, wherein said host cell 13

an NKT cell.

[60163] Embodment 41; The host cell of any one of embodiments 37, 38, or 40, wherem
said host cell is a Type-1 NKT cell.

[60164] Embodiment 42: A process for the production of an immune cell comprising a
CAR 1solating PBMCs from a donor; separating a natural killer T (NKT) cells, T-cells, or natural

kalter (NK) cells from said PBMCs to prepare isolated immune cells; and expanding said 1solated
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immune cells for between 1 and 20 days to prepare expanded immune cells for genetic engineering
by stimulation of an endogenous T-cell recepior and co-stimulation by costimulatory receptors,
cytokines, or a combination of both; and introducing a chimeric antigen receptor (CAR) expression
construct comprising an ectodomain sequence comprising an antibody or antigen binding fragment
thereof that binds to chondroitin sulfate proteoglyean 4 (CSPG4) comprising a variable light chain
selected from the group consisting of SEQ 1D NOs:61 to 109 and a variable heavy chain selected
from the group consisting of SEQ 1D NQOs: 11010 152,

[B0165] Embodiment 43; The process for the production of an immune cell comprising a
CAR of embodiment 42, wherein said 1solated immune cells are T cells.

[89166] Embodiment 44: The process for the production of an immune cell comprising a
CAR of embodiment 41 or 42, wherein said 1solated immune cells are NK cells.

{80167} Embodiment 45 The process for the production of an immune cell comprising a
CAR of embodiment 41 or 42, wherein said isolated immune cells are Type I NKT cells.

[00168] Embodiment 46. The process for the production of an immune cell comprising a
CAR of any one of embodunents 41, 42, or 43, wherein said expanded vmrune cells are CD62L
positive Type I NKT cells.

60169} Embodirent 47 The process for the production of an immune cell comprising a
CAR of embodiment 45 or 46 wherein said 1solated immune cells are Type I NKT cells and said
expanding comprises culturing in the presence of at least aGalCer, IL-2, and IL-21.

{00176} Embodiment 48 A genetically engineered immune cell comprising an expression
constract encoding a chimeric antigen receptor {CAR) coding sequence comprising an ectodomain
sequence comprising an antibody or antigen binding fragment thereof that binds to chondrotim
sulfate proteoglycan 4 (CSPG4)} vanable hight chaim sequence comprising light cham
complementarity determining regions ("LCDRs”} LCDR1 to LCDR3 sequences set forth in SEQ
1D NQOs:1-3 a light chamn framework sequence 1 (VL-FR1) selected from the group consisting of
SEQ 1D NOs: 153 to 221; a hight chain framework sequence 2 (VL-FR2} selected from the group
consisting of SEQ 1D NOs:222 10 225; a light chain framework sequence 3 (VL-FR3) selected
from the group consisting of SEQ 1D NOs:226 to 249; and a light cham framework sequence 4
{VL-FR4} selected from the group consisting of SEQ ID NOs:250 to 255; a variable heavy chain
sequence comprising heavy chain complementarity determining regions ("HCDRs™} HCDR1 to

HCDR3 sequences set forth in SEQ 1D NOs: 4 10 6 and a heavy chain framework sequence T {VH-
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FR1} selected from the group consisting of SEQ 1D NOs:256 to 349; a heavy chain framework
sequence 2 {VH-FR2} selected from the group consisting of SE(Q 1D NOs:350 to 353; a heavy
chain framework sequence 3 {VH-FR3} selected from the group consisting of SEQ 1D NGs:354 1o
360; and a heavy chain framework sequence 4 (VH-FR4) selected from the group consisting of
SEQ 1D NGs:361 to 382; a ransmembrane domain sequence; and an endodomain sequence.
{66171} Embodiment 49 The genetically engineered immune cell of embodiment 47 or 48,
wherem said genetically engineered immune cell is a natural killer T (NK'T} cell, a T-celi, or a
natural killer (NK} cell.

100172} Embodiment 50: The genetically engineered immune cell of embodiment 47 or 49,
wherein said host cell is a T-cell.

180173} Embodiment 31 The genetically engineered immune cell of embodiment 47 or 49,
wherein said host cell is an NKT cell.

[00174] Embodiment 320  The genetically engineered immune cell of any one of
embodiments 47, 49, or 51, wherein said host cell 1s a Type-T NKT cell.

{80175} Embodiment S3:  The genetically engineered mmmune cell of any one of
embodiments 47, 49, 51, or 52, wherein said host cell 15 a CD62L-positive Type-I NKT cell.
{80176} Embodimnent 54: The genetically engineered immune cell of embodiment 48,
wherein said genetically engineered iminune cell comprises a plurality of cells.

[88177] Embodiment 35 The genetically engineered imuoune cell of erobodiment 48 or 54,
wherein said genetically engineered immune cell comprises a phurality of CI62L-positive Type |
NET cells.

[09178] Embodiment 56.  The genetically engineered mmmune cell of any one of
embodiments 48, 54, or 55, wherem sard plurality of CB62L-positive Type I NKT cells comprise
at least 50% of sard plurality of cells.

(80179} Embodiment 57: The genetically engineered immune cell of any one of
embodiments 48 to 56, further comprising a DNA sequence encoding a small hawrpin RNA
{shRNA} sequence targeting an MHC class | or MHC class {1 gene, wherein the shRNA sequence
is embedded in an artificial microRNA (amiR}) scaffold.

{60180} Embodiment 58 A population of cells comprising a plurality of genetically
engineered immune cells comprising an expression construct encoding a chimeric antigen receptor

{CAR) coding sequence comprising an ectodomain seguence comprising an antibody or antigen
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binding fragment thereof that binds to chondroitin sulfate proteoglycan 4 (CSPG4), said CAR
comprising a variable light chain sequence comprising light chain complementarity determining
regions {“LCDRs™) LCDR1 to LCDR3 sequences set forth in SEQ 1D NOs:1-3 and a light chain
framework sequence 1 (VL-FR1) selected from the group consisting of SEQ 1D NQGs: 153 10 221;
a light chain framework sequence 2 (VL-FRZ} selected from the group consisting of SEQ ID
NOs:222 to 225, a light chain framework sequence 3 {(VL-FR3) selected from the group consisting
of SEQ 1D NOs: 226 to 249; and a light chain framework sequence 4 (VL-FR4) selected from the
eroup consisting of SEQ 11 NOs: 250 to 255; a variable heavy chain sequence comprising heavy
chain complementarity determinung regions ("HCDRs”} HCDR1 to HCDR3 sequences set forth
m SEQ 1D NOs: 4 to 6 and a heavy chain framework sequence 1 (VH-FR1) selected from the group
consisting of SEQ 1D NOs:256 to 349; a heavy chain framework sequence 2 (VH-FR2) selected
from the group consisting of SEQ 1D NOs:350 to 353; a heavy chain framework sequence 3 {VH-
FR3) selected from the group consisting of SEQ 1D NOs:354 1o 360; and a heavy chain framework
sequence 4 (VH-FR4) selected from the group consisting of SEQ ID NQOs:361 to 382; a
transrmembrane domain sequence; and an endodomain sequence.

09181} Erbodiment 590 The population of cells of embodiment 58 wherein said
genetically engineered immune cells comprise a natural kaller T (NKT) cells, T-cells, or natural
kaller (NI cells.

[80182] Embodiment 60: The population of cells of embodiment 58 or 39, wherein said
genetically engineered momune cell comprises a plurality of CD6O2L-positive Type I NKT cells.
[00183] Embodiment 61 The popuiation of cells of embodiment 58, 59 or 60, wherein said
plurality of CDI62L-positive Type I NKT cells comprise at least 50% of said plurality of cells.
[80184] Embodiment 62: A method of mhibiting chondroitin sulfate proteoglycan 4
{CSPG4)- positive cells mn an individual, comprising the step of contacting the cells with a
therapeutically effective amount of genetically engineered immuone cells, wheren said immune
cells comprise a chimeric antigen receptor {CAR) comprising an ectodomain sequence comprising
an antibody or antigen binding fragment thereof that binds to chondroitin sulfate proteoglycan 4
{C8P(G4), said antibody or antigen binding fragment comprising: a variable hight chain sequence
comprising light chain complementarity determining regions (“LCDRs”) LCDRI to LCDR3
sequences set forth in SEQ ID NOs:1-3 and a light chain framework sequence 1 {(VL-FR1} selected

from the group consisting of SEQ D NQOs:153 to 221; a light chain framework sequence 2 (VL-

o))
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FR2) selected from the group consisting of SEQ 1D NOs:222 to 225, a light chain framework
sequence 3 (VL-FR3) selected from the group consisting of SEQ 1D NOs:226 to 249; and a light
chain framework sequence 4 { VL-FR4) selected from the group consisting of SEQ 1D NGs:250 to
255; a variable heavy chain sequence comprising heavy chain complementartty determining
regions {“LCDRs”) HCDR1 to HUDRS sequences set forth in SEQ ID NOs:4 to 6 and a heavy
chain framework sequence 1 {(VH-FR1} selected from the group consisting of SEQ 1D NQOs:256 to
349; a heavy chain framework sequence 2 (VH-FR2) selected from the group consisting of SEQ
1D NOs:350 to 353; a heavy chain framework sequence 3 {VH-FR3) selected from the group
consisting of SEQ D NOs:354 to 360; and a heavy chain framework sequence 4 {(VH-FR4)
selected from the group consisting of SEQ 1D NOs:361 10 382; a transmembrane domain sequence;
and an endodomain sequence.

[60185] Embodiment 63: The methed according to embodiment 62, wherein said inhubiting
comprises inhibiting proliferation, inhibiting activity, or a combination of both.

{60186} Embodiment 64: The method according to embodiment 62 or 63, wherein said
genetically engineered immune cells are natural kitler T (NKT) cells, T-cells, or natural killer (NK)
celis.

{60187} Embodinent 65 The method according to any one of embodiments 62 to 64,
wherein said genetically engineered iminune cells are T-cells.

0801 8§] Embodiment 66: The method according to any one of embodiments 62 to 64,
wherein said genetically engineered mmmune cells are NKT cells.

[00189] Embodiment 67 The method according to any one of embodiments 62 to 64 or 66,
wherein said NKT cells are Type-1 NKT cells.

[88190] Embodiment 68: The method according to any one of embodiments 62 to 64, 66
or 67, wherein said Type-I NKT cells are CB62ZL-~postiive Type-I NKT cells.

(80191} Embodiment 69 The method according to any one of embodiments 62 to 64, or
66 to 68, wherein said Type-l NKT cells comprise a majornity of said genetically engineered
immune celis.

100192} Embodiment 70: The method according to any one of embodiments 62 to 64, or
66 to 69, wherein said Type-I NKT cells comprise a majority of said genetically engineered

CD62L -positive Type-1 NKT cells.
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100193} Embodiment 71. A method for the treatment of cancer, comprising the step of
admanistering to a subject in need thereof the genetically engineered immune cells comprising a
chimeric antigen receptor {CAR) that binds to chondroitin sulfate proteoglycan 4 {(CSPG4), said
CAR comprising an ectodomain sequence comprising: a variable light chain sequence comprising
fight chain complementarity determining regions {"LCDRs”) LCDRI to LCPR3 sequences set
forth in SEQ 1 N{Os:1-3 and a light chain framework sequence 1 {(VL-FR1) selected from the
group consisting of SEQ 1D NQOs: 153 to 221; a light chain framework sequence 2 (VL-FRZ)
selected from the group consisting of SEQ 1D NOs:222 t0 225; a light chain framework sequence
3 {(VL-FR3) selected from the group consisting of SEQ 1D NOs:226 to 249; and a hight chain
framework sequence 4 (VL-FR4) selected from the group consisting of SEQ D NOs: 250 to 255;
a variable heavy chain sequence comprising heavy chain complementarity determining regions
{(“HCDRSs"Y HCDRI to HCDR3 sequences set forth in SEQ 1D NOs:4 to 6 and a heavy chain
framework sequence 1 (VH-FR1) selected from the group consisting of SEQ ID NOs:256 to 349;
a heavy chain framework sequence 2 (VH-FR2) selected from the group consisting of SEQ 1D
NO5:350 to 353; a heavy chain framework sequence 3 (VH-FR3) selected from the group
consisting of SEQ 1D NOs:354 to 360; and a heavy chain framework sequence 4 (VH-FR4)
selected from the group consisting of SEQ 1D NOs:361 to 382; a transmembrane domam sequence;
and an endodomain sequence..

[88194] Embodiment 72; The method according to embodiment 71, wherein saxd cancer is
sefected from the group consisting of melanoma, metastatic melanoma disease {superficial
spreading melanoma, lentigo maligna, fentigo maligna melanoma, acral lentiginous melanoma and
nodular melanomal; ghoblastoma, anaplastic thyroid cancer, soft tissue sarcoma, , glhioma and
feukemia

[09195] Embodiment 73. The method for the treatment of cancer of embodiment 71 or 72,
wherein said genetically engineered immaune cells are natural laller T (NKT) cells, T-celis, or
natural kilter (NK cells.

[60196] Embodmeni 74:  The method for the treatment of cancer of any one of
embodiments 71 to 73, wherein said genetically engineered immune cells are T-cells.

{86197} Embodiment 75  The method for the treatment of cancer of any one of

embodiments 71, 72 or 73, wherein said genetically engineered immune cells are NK'T cells.
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100198} Embodiment 76 The method for the treatment of cancer of any one of
embodiments 71, 72 or 75, wherein said NKT cells are Type-1 NKT cells.

{00199} Embodiment 770 The method for the treatment of cancer of any one of
embodiments 71, 72, 75, or 76, wherein said Type-1 NKT cells are CID62L-positive Type-I NKT
celis.

{86200} Embodiment 78 The method for the treatment of cancer of any one of
embodiments 71, 72, or 75 to 77, wherem said Type-I NKT cells comprise a majority of said
cenetically engineered immune cells.

1002081} Embodiment 79:  The method for the treatment of cancer of any one of
embodiments 71, 72, or 7S to 78, wheremn said Type-I NKT cells comprise a majority of said
genetically engineered CDG2L-positive Type-I NKT cells.

[602062] Embodiment 80: A kit comprising an a vector, a host cell, or a combination thereof
comprising nucleic acid sequences encoding a chimeric antigen receptor {CAR) coding sequence
comprising an ectodomain sequence comprising an antibody or antigen binding fragment thereof
that binds to chondroitin sulfate proteoglycan 4 {(CSPG4) comprising a variable hight chawn
sequence comprising light chain complementarity determining regions ("LLDRs™) LCDRI 1o
LCDR3 sequences set forth in SEQ 1D NOs: 1-3 and a light chain framework sequence 1 (VL-FR1)
sefected from the group consisting of SEQ D NOs: 153 10 221; a light chain framework sequence
2 {(VL-FRZ} selected from the group consisting of SEQ 1D NOs:222 o 225, a hght chan
framework sequence 3 (VL-FR3) selected from the group consisting of SEQ D N{Os:226 to 249,
and a hight chain framework sequence 4 {VL-FR4) selected from the group consisting of SEQ ID
NQOs:250 to 255; a variable heavy chain sequence comprising heavy chain complementarity
determuning regions {“HCDRs™Y HCDRI to HCDR3 sequences set forth in SEQ ID NOs: 4 t0 6
and a heavy chain framework sequence 1 (VH-FR1) selected from the group consisting of SEQ
ID NO3:256 to 349; a heavy chain framework sequence 2 (VH-FRZ) selected from the group
consisting of SEQ ID NGOs:350 1o 353; a heavy chain framework sequence 3 (VH-FR3) selected
from the group consisting of SEQ ID NOs:354 10 360; and a heavy chain framework sequence 4
{VH-FR4) selected from the group consisting of SEQ 1D NOs:361 to 382; a transmembrane
domain sequence; and an endodomain sequence.

{00283} Embodiment 81: A method of mamiaining NKT cell expansion potential in NKT

cells expressing a chimeric antigen receptor (CAR) coding sequence comprising an ectodomain
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sequence comprising an antibody or antigen binding fragment thereof that binds to chondrotiin
sulfate protecglycan 4 (CSPG4) comprising light chain complementarity determining regions
(“LCDRs”y LCDRI to LCDR3 sequences set forth in SEQ ID NGs:1-3 and a light chain
framework sequence 1 (VL-FR1) selected from the group consisting of SEQ 1D NQGs: 153 10 221;
a light chain framework sequence 2 (VL-FRZ) selected from the group consisting of SEQ 1D
NOs:222 to 225, a light chain framework sequence 3 {(VL-FR3) selected from the group consisting
of SEQ 1D NOs:226 to 249; and a light chain framework sequence 4 (VL-FR4) selected from the
eroup consisting of SEQ ID NOs:250 10 255; a variable heavy chain sequence comprising heavy
chain complementarity determinung regions ("HCDRs”} HCDR1 to HCDR3 sequences set forth
m SEGQ 1D NOs:4 to 6 and a heavy chain framework sequence 1 (VH-FR1) selected from the
group consisting of SEQ 1D NQOs:256 to 349; a heavy chain framework sequence 2 {VH-FR2)
selected from the group consisting of SEQ 1D NOs:350 to 353, a heavy chain framework sequence
3 (VH-FR3} selected from the group consisting of SEQ 1D NOs:354 to 360; and a heavy chan
framework sequence 4 (VH-FR4) selected from the group consisting of SEQ 1D N(Os:361 to 382;
a transroembrane domain sequence; and an endodomain sequeunce, said method comprising
expressing a protein coding sequence comprising a transcriptional activator wn the Wt signaling
pathway, and culturing said engimeered NKT cells to prepare a population of genetically
engineered NKT cells with persistent expansion potential.

[002084] Embodunent 820 A method of reducing tonic signaling 1o mouse roodels 1n an scFv
comprising: identifyving an scFv that has tonic signaling when expressed in a mouse immune cell
as part of a CAR; generating a structural model of said sciv, and performing computational
mutagenesis 1o prepare a series of mutagenized scFvs; calculating the free energy of said
mutagenized scFvs; aligning said mutagenized scFvs to a humanized sclFv comprising framework
1.4 {(FW1.4} identifying critical murine residues; and mtroducing one or more human to mouse
residue changes to increase stability of said scFv and prepare a modified humanized scFv for use
n mouse models.

[60205] Embodmeni 83: A method of reducing tonic signaling in mouse models in an scHv
of embodiment 82, wherein FW1.4 comprises the light chain framework regions (VL-FR} 1 to 4
of SEQ 1D NOs:7 10 10, a linker region of SEQ ID NO:11, and heavy chain framework region
(VH-FR) 1 t0 4 of SEQ ID NOs:12 to 15.
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00206] Embodiment 84: A method of reducing tonic signaling in mouse models in an scFv
of embodiment 82 or 83, wherein said modified humanized scFv comprises modified a modified
FR region selected from the group consisting of SEQ D NOs: 16 0 27,

{80207} Embodiment 85 A method of reducing tonic signaling in mouse models 1n an sclv
of any one of embodiments 82 to 84, wherein said immune cell is a natural kitfer T (NKT) cell, a
T-cell, or a natural killer (NK} cell.

{00288} Embodiment 86: A mathod of reducing tonic signaling in mouse models in an scFv
of any one of embodiments 82 to 85, wherein said immune cell is T-cell.

160209} Embodiment 87: A method of reducing tonic signaling in mouse models m an scFv
of any one of embodiments 82 to 85, wherein said immune cell 1s an NKT cell.

(00210} Embodiment 88: A method of reducing tonic signaling 1n mouse models in an scFv
of any one of embodiments 82 to 85, or 87, wherein said NKT cell is a Type-I NKT cell.

80211} Embodiment 89: A method of reducing touic signaling in mouse models in an scFv
of any one of embodiments 82 to 85, 87 or 88, wherein said Type-I NKT cell 1s a CD62L-positive
Type-I NKT cell.

EXAMPLES:

180212} Cell lines. The turoor cell lines WM1135 (uelanoma) and SK-MEL-2are obtained
}.
Ferrone. The tumor cell lines MDA-MB-468 and MDA-MB-231 are obtained from German

Collection of Microorgamsm and Cell Cultures GmbH {(ACC 738 and ACC 732). 293T cells used

from the American Type Culture Coliection (ATCC} (< Mi4 cells was provided by Dr

for the production of retroviral vectors are obtained from the ATCC. All cells are mamtamed in
culture with the appropriate media, either RPMI-1640 {(ibeo} or BDMEM {Gibeo) supplemented
with 10% FBS (Sigma}, 1% L-glotanine (Gibeo), and 1% penicithin/streptomycin {Gibeo) 10 a
humidified atmosphere containing 5% CO2 at 37°C. WMI11S cells are transduced with an SFG
gamma retroviral vector encoding the firefly luciferase gene and the fusion protein enhanced GFP
{eGFP-FFluc). See Hoyos er af, “Engineering CD19%-specific T lymphocytes with interleukin-15
and a suicide gene to enhance their anti-lymphoma/leskemia effects and safety)” Lewkemia
24:1160-1170 (20103, Cells are kept in culture for less than 6 consecuiive months, after which
aliquots from the original expanded vial were used. All tumor cell lines are routinely tested to
exchude contamination with Mycoplasma and assessed for the expression of transgenes and tumor

markers by flow cytometry to confirm identity. Glioblastoma-derived neurospheres are generated
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as previgusly deseribed. See Pellegatta ef ol | “Constitutive and TNFalpha-inducible expression of
chondroitin sulfate protesglycan 4 in glioblastoma and neurospheres: Implications for CAR-T cell
therapy,” Sci. Transi. Med. 10 (2018) {"Pellegatta er af | (2018)").

{80213} Generation of retroviral supernatants, T-cell isolation, transduction, and i# virro
expansion. Retroviral supernatants are prepared by transient transfection of 2937 cells and used to
transduce T cells. See Dhaconu ef o/, “Inducible Caspase-9 Selectively Modulates the Toxicities
of CD19-Specific Chimeric Antigen Receptor-Modified T Celis,” Mol Ther. 25:580-592 (2017}
{“Draconu ef al. 20177}, Bufty coats from healthy volunteer blood donors are purchased from the
Gulf Coast Regional Blood Center (Houston, TX). Peripheral blood mounonuciear cells (FBMC)
are isolated by Lymphoprep (Accurate Chemical and Scientific Corporation) density gradient
centrifugation, according to the manufacturer's protocol. T cells are cultured in complete medium,
consisting of 45% Click's medium (Irvine Scientific), 43% RPMI-1640 (Hyclone), 10% FBS
{Hyclone), 1% L-glutamine {Gibeo), and 19 penicillin/streptomycin {Gibeo). T cells are activated,
transduced, and expanded in complete medium with L7 (10 ng/mL, PeproTech) and IL15 (5
ng/ml., PeproTech) as previously reported. See Dhaconu eral. 2017,

[99214] Invounophenotyping. T cells are stained with antibodies {Ab) against CD3 {(APC-
H7, clone SK7), CD45SRa (PE, clope HI100), CCR7 (FITC, clone 150503), CTLA4 (BV421,
clone BNI3}, PD-1 (PE- Ov7, clone EHI2.1), LAGS (PE, clone T47-530), TIM3 (BV711, clone
D3y an CD45 (APC, clone 2D1) from BD Biosciences. Anti-CD45 (Per(CP, clone REA747) and
antt CD69 (APC, clone REA824) from REAffinity by Miltenyi Biotec. Tumor cells are stained
with Abs against CD276 (BV421, clone 7-517) from BD Biosciences and with the 76374 mAb
{anti-CSPG4) followed by the staming with a secondary Rat anti-Mouse IgGi {PE, clone X56)
from BD Biosciences. The expression of the 763.74(A} and (B) CAR is assessed using an anti-
idyotipic antibody, the expression of TR CAR (anti-CD19 CAR) 15 assessed using an anti-
idiotypic antibody (obtamed from Dr Ferrone), followed by the staining with a secondary Rat anti-
Mouse IgGi (PE, clone X56) from BD Biosciences. The expression of the h763.74 CAR followed
by the staining with Sireptavidin Protein RPE conjugate from Invitrogen. Data acquisition is
performed on BD LSRFortessa or Canto I flow cytometer using the BD FACS-Diva software or
on a MACSQuant (Miltenyi Biotec). Data analyses are performed with the Flowlo software

{Version 9 or 10} or FlowLogic software (Version 7.2, Miltenyi Biotec).

3
3



(94

10

[
¥4

(9]
s
fon.

WO 2022/006147 PCT/US2021/039672

100215] Confocal microscopy. T cells are prepared according to the manufacturer's
nstructions {Abcam immunofluorescence protocol). Briefly, CAR-GFP™ cells are {ixed with
cytofix buffer (BD Biosciences) and are mounted on cover ships with one drop of Prolong
Diamond Antifade Mountant with DAPI (Invitrogen). Data acquisition s performed on LSM700
Zeiss confocal microscopy using ZEN software (ZEISS Microscopy). Data analysis is performed
with Fiji software.

{80216} Coculture expeniments and ELISAs. For the spontancous IFNy release assay, 1 x
10° T cells are plated in 24 well plate in 2 mL of complete media without cytokines. T eells (2 x
10% cells/well) are cocultured with tumor cell fines (MId-wt or WM115; 107 celis/well) at an
effector-to-target {E:T) ratio of 1.5 in 24-well plates, in complete medium, in the absence of
cytokines. After 5 days of culture, cells are harvested and stained for CD3 {(APC-HT7, clone SK7
from BD Biosciences} and CD276 (BV421, clone 7-517 from BD Biosciences) monoclonal Abs
{mAb} to detect T cells and tumor cells, respectively. See Landoni ef of., “A High-Avidity T-cell
Receptor Redirects Natural Killer T-cell Specificity and Qutcompetes the Endogenous Invariant
T-cell Receptor,” Canicer Immunol. Res. 8:57-69 {2020). Percentage of residual tomor cells in
culture are enumerated by flow cytometry. Spontaneous release and culture supernatants are
harvested after 24 hours of culture and IFNy measured in 100 mL of supernatant with the PruoSet
Human [FNy ELISA kit (R&D Systems). Data acquisition is performed on a Synergy2 microplate
reader (BioTek) using the Gen$ software. GBM-NS are plated at 5 x 10° cells in 24-well plates
with T cells at E:'T ratio of 1.5 in GBM-NS medium without serum and in the presence of B27
supplement. T cells are maintained in GBM-NS medium for 3 days before plating the co-cultures.
See Pellegatia er af. (2018). GBM-NS and T cells are collected at different time points following
2, 4, 6 and 24 hours of co-culiure, and residual tumor cells and T cells measured by flow cytometry
based on CSPG4 and CD45 expression, respectively. The activation of CAR-T cells is measured
by evaluating the expression of CI369.

(86217} Computational analysis. To generate the 3D conformation of scFv, the primary
sequence of scFv is BLAST searched against the RCSB database to identify homologous template
structures with high sequence siutlarity. BLASTp analysis identifies scFv fragment 1696 with
resolution 2.70 A as a potential template with 70.51% sequence identity. See Rezacova ef al,
“Structural basis of HIV-1 and HIV-2 protease mhibition by a monoclonal antibody,” Struciure.

9:887-895 (2001 (“Rezacova ef af., (2001Y"). The crystal structure of scFv fragment 1696 (PDB
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iD: 15p5) s used as template to model scFv through homology modeling. /4. Forty models using
Modeller-9v19 are generated and the structure selected with least molecular objective function
score as the representative conformation of scFv. See Webb and Sali, “Comparative Protein
Structure Modeling Using MODELLER” Curr. Protoc. Protein Sci. 86:2 (2016}, Since steric
clashes are common in modelied and low-resolution structures, Chiron is employed to optimize
the structure of scFv. See Kota er af |, “Gaia: automated quality assessment of protein siructure
models,” Bioinformatics. 27:2209-2215 (2011}, Chiron resolves atomic clashes by performing
short-DMD simulations on protein structure with minimal or no perturbation to the backbone. See
Ding et ol , “Ab mtio folding of proteins with all-atom discrete molecular dynamics,” Structure.
16:1010-1018 (2008); Shirvanyants ef af | “Discrete molecular dynamics: an efficient and versatile
simulation method for fine protein characterization,” J Phys. Chem. B 116:8375-8382 (2012); and
Dokholvan er af, “Discrete molecular dynamics studies of the folding of a protein-like model”
Fold. Des 3:577-587 (1998). The relaxed scFv1 structure is subsequently considered for in sifico
mutagenesis studies using Eris molecular suite. See Yin er o/, “Eris: an automated estimator of
protein stability,” Nat. Methods 4:466-467 (2007). Ens protocol induces mutations i protein and
estumates free energies of routant {AGuu) and wild type (AGw) conformations. Eris performs rapid
side~chain vepacking and backbone relaxation around the mutated site using Monte-Carlo
algorithm and subsequently evaluates AGuw and AGmue using Medusa force field. See id ; and Yin
et af., “MedusaScore: an accurate force field-based scoring function for virtual drug screening,” J
Chem. Inf. Model 48:1656-1662 (2008). The Eris algorithm computes change in free energy of
protein upon mutation by employing the following formuda; AAGmu = AGuuw — AGwe. The AAGmu
valaes are evaluated to estimate the stabilizing (AAGma < 0) or destabilizing (AAGmw > 0}
mutations. Eris 18 extensively validated and used in designing novel proteins. See Zhu e ol |
“Rationally designed carbohydrate~-occluded epitopes elicit HIV-1 Env-specific antibodies,” Nat.
Comun. 10:948 (2019}, Daglivan ef o/, “Engimeering extrinsic disorder to control protein activity
i hiving cells,” Science 354:1441-1444 {2016); and Dagliyan et af,, “Rational design of a ligand-
controlled protein conformational switch,” Proc. Natl Acad. Sci. UL 5. A 110:6800-6804 (2013).

100218} Xenograft models. Melanoma mouse experiments are performed in accordance
with UNC Animal Husbandry and Institutional Animal Care and Use Committee JACUC)
guidelines and were approved by UNC IACUC (1D 17029). GBM mouse experiments are

performed following directives of Fondazione IRCCS Istituto Neurologico Carlo Besta in Milan
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in accordance with the ltalian Principle of Laboratory Animal Care (B Lgs. 26/2014) and
Furopean Communities Council Directives (86/609%/EEC and 2010/63/UE). For the melanoma
model, female and male NSG muce (7 - 9 weeks of age, obtained from the UNC Animal Core} are
injected subcutaneously {s.c.) with 0.5 x 10° eGFP-FFluc-labeled WM115 tumor cells. Seven days
after tamor cell injection (day 0) mice are infused i.v. with § x 10° CAR-T cells. Melanoma tumor
cell growth i1s monitored weekly with caliper measurement for s.c. tumors and by bioluminescence
(BLI; total flux, photons/second) using the IVIS kinetic in vive mmaging sysitem {PerkinFlmer).
Mice are sacrificed according to UNC guidelines for tumor growth or occurrence of sign of
discomfort. When mice are sacrificed, peripheral blood is collected from heart, spleen and hiver
smashed on cell strainers and washed with 2 mL of PBS. Peripheral blood, spleen and liver are
analyzed to detect the presence of T cells {stained with Abs against CD3 (APC-H7, clone 8K7),
D45 (APC, clone 2D1), PD-1 (PE/Cy7, clone EH12.1) and CAR-specific anti-idiotype] by flow
cytometry using CountBright absolute counting beads (Invitrogen). For the GBM model,
antitumor activity of CAR-T cells is evaluated using nude mice engrafted with GBM-NS. Five to
6-week-old mice are injected intra caudate nucleus (..} with 0.1 x 10° GBM-NS in 2uL. PBS 1X.
The coordinates, with respect to the bregma, are 0.7 mm post, 3 mam left lateral, 3.5 mm deep, and
within the nucleus caundatum. On day 15 after tumor cell injection, CAR-T cells are injected 1.c. in
S pl PBS 1X using the same tumor coordinates. For survival studies, mice are monitored three
times a week and euthanized when sigos of discomfort appeared in accordance with the
mstitutional guidelines.

{86219} Magnetic Resonance Imaging (MRI). MRI is performed using a horizontal-bore
preclinical scanner (BioSpec 70/20 USR, Bruker, Ettlingen, Germany). The system has a magnetic
field strength of 7 T (1H frequency 300 MHz) and a 20 cm bore diameter. The scanner 15 equipped
with an actively shielded gradient system with integrated shims set up to 2nd order. The maximum
gradient amphitude 1s 440 mT/m. All acquisitions are carried out using a cross coil configuration:
a 72 mm linear birdcage coil 15 used for radiofrequency excitation and a mouse bram surface coil
received signal. Mice are anaesthetized with 1.5 - 2% 1soflurane (60:40 N20O: 02 {volvol}, flow
rate 0.8 L/min). To detect the depth of anesthesia and the animal health condition during the study,
the respiratory rate i1s monitored by a pneumatic sensor. Mice are positioned on an animal bed
equipped with a nose cone for gas anesthesia and a three pomnt-fixation system {tooth-bar and ear-

plugs). Mice injected with GBM-NS and treated with CAR-T cells undergo high resolution MRI
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investigation at different time points with the following protocol: a T2-weighted Rapid Acquisition
with Reduced Echoes (RARE) sequence (TR = 3360 ms, TE = 35 ms, in plane resclution = 100 x
100 um?, slice thickness = 400 um, 4 averages, total acquisition time of 5 min 36 sec) and two T1-
weighted RARE sequences (TR = 510 ms, TE = 8 ms, in plane resofution = 78 % 78 um?2, slice
thickness = 400 um, 6 averages, total acquisition time of 9 min 47 sec) acquired before and after
mtraperitoneal administration of Gadoliumum-based contrast medium. All sequences are acquired
along the same coronal geometry (400 um thick continuous slices), with slice package posterior to
olfactory bulb and anterior to cerebellum. Conirast agent induced T1 signal enhancement is
interpreted as being due to a Blood Brain Barrier lesion

{00220] Humanization of the scFv 763.74(A). Humanization of the murine scFv 763.74(A)
is performed by grafting tts CDRs into the stable human framework fFW1.4. See Borras ef ol
“Generic approach for the generation of stable humanized single-chain Fv fragments from rabbit
monocional antibodies, J Biol Chem. 285:9054-9066 (2010}, The sequence of the FW, referred
here as rFW1 4 s as follows:

EIVMTQSPSTLSASVGDRVITC (SEQ ID NG 7y * LCDRT *

WYOQQEPGKAPKLLIY (SEQ ID NO:8) * LCDR2*
GVPSRIFSGSGSGTEFTLTISSLOPDBDFATYYC (SEQ ID NG9y LCDR3*

FGOGTKLTVLG (SEQ ID NG 10)

{GGGGSGGGEGSGGGGSGGGES) (REQID NG 1)
EVOLVESGGGLVQPGGSLRLSCTASG (REQ ID NO: 12) *HCDR1*
WVROQAPGKGLEWVG (SEQ ID NO13)y* HCDR2*
RFTISRDTSKNTVYLOMNSLRAEDTAVYYCAR (REQ ID NO: 14} * HCDR3*
WOOGTLVTVSS (SEQ ID NO: ISy

[00221] Asterisks separate the amino acid sequence of the framework from the CDR
sequences. A polypeptide hnker consisting of (GlyaSerl 1s used to jomn the Vi and Vi chains and
shown in round brackets. Humanized versions of 763 .74(A}) are designed by replacing human
framework residues with the critical murine residues. See¥Yin 8., Ding ¥, and Dokholyan N.V.
2007. Eris: an antomated estimator of protein stability. Nar. Aethods 4:466-467.

{60222} Expression and Purification of scFv fragments. K. cofi BLZ1{DE3) wansformed
with the corresponding expression plasmuds are grown at 37°C in LB medium containing the

appropriate antibictics. Protein expression is mitiated by addition of T mM isopropyl 1-thio-B-d-
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galactopyranoside at an absorbance {A600} of 1. Four hours after induction, K. cofi cells are
harvested and disrupted by sonication. Inclusion bodies are isolated by repeated washing and
centrifugation steps and solubilized at a conceniration of 10 mg/mL in the presence of 6 M
Guanidine HCL Solubilized inclusion bodies are reduced by adding 20 mM dithiothreitol
Refolding s done in refolding butfer (4 M Urea, 50 mM Glycine, 2 mM Cystine, 2 mM Cysteine
pH 10.0} over night at room temperature. After up-concentration and buffer exchange using
tangential flow filtration with a 10 kDa cut-off scFvs are purified using hydrophobic interaction
chromatography followed by size exclusion chromatography.

104223} Binding studies of scFvs. Binding studies are performed using CSPG4™ MDA -MB-
231 and CSPG4 MIDA-MB-468 cells by flow cyiometry. Cells are incubated with the respective
scFv, biotinylated Protein L and finally with streptavidin-phycoerythrin, Cells are acguired on a
FACSAria 1 (BD Biosciences) instrument using the FACSDiva software.

180224} Stability of scFvs. Humanized scFvs are formulated 1o PBS pH-7.2 at | mg/ml
After 48 h of storage at 4°C or 37°C, the samples are inspected visually, and protein conceniration
i3 maeasured at 280 nm. The samples are analyzed by SEC-HPLC to deternune the percentage of
monomers, dimers and high molecular weight oligomers 1o relation to total peak area. A TSKgel
G2000 SWXL column, phase diol, L x LD, 36 cm x 7.8 mim, 5 um particle size {Sigma-Aldrich,
08540} 1s used for size exclusion chromatography. Five (S) pL of scFvs at 1 mg/mL are loaded.
The mobile phase 1s PBS pH 7.2,

[00225] Statistical analysis. Data are summarized as the mean + SD. Student t test or two-
way ANOVA is used 1o determine statistically significant differences between treatment groups,
with Bonferront's correction for multiple comparisons when appropriate (Prism 6. GraphPad
Software). Sarvival analysis is performed using the Kaplan-Meier method and the Mantel-Cox
iog rank test is applied (Prism 6: GraphPad Software). All P values less than 0.05 are considered

statistically sigmificant.

Results:

[89226] Amino acid substitutions within the Frame Work Regions (FWRs) of the scFv
abrogate CAR tonic signaling. CAR targets the chondroitin sulphate proteoglvean 4 (CSPG4)
antigen in which the antigen binding mosety is the seFv 763.74(A) obtained from the 763.74

murine monoclonal antibody (mAb} targeted tumor cells expressing CSPG4 both in vigo and in
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viva., See Pellegatta ef af, {(2018) and Geldres ef af, “T lymphocytes redirected against the
chondrotitin sulfate proteoglvean-4 conirol the growth of multiple solid tumors both in vitro and in
vive,” Clin. Cancer Res. 20:962-971 (2014}, However, T cells expressing the scFv 763. 74(A)} CAR
{Fig. 1A) encoding either CD28 or 4-1BB costimulatory endodomains show release of IFNy in the
absence of antigen stimulation, a phenomenon defined as CAR tonic signaling (Fig 1B}, See Long
et al {2015). Spontanecus IFNy release by T cells expressing the scFv 763.74(A) CARSs is strictly
dependent on CAR signaling because mutations of the tyrosine of the immunoreceptor tyrosine-
based activation motifs (ITAMs) of the CAR-CD3y chain that prevent tyrosine phosphorylation
completely abrogate the spontaneous IFNy release (Fig. 1C and Fig 7TAB). To study the
distribution of CAR molecules on the cell surface of T cells, scFv 763.74{A) CARs are generated
in which the (D3 chain of the CAR 15 fused at COOH terminal with GFP. Using confocal
microscopy tmaging, the scFv 763 74(A) CARs are shown to form membrane clusters in the
absence of CAR crosshinking bikely indicating self-aggregation of CAR molecules (Fig 1D}, The
sequence of the scFv 763.74(A) i1s obtained from an early passage of the hybridoma 763.74
secreting the murine 1gG1l mAb, which recognizes a peptide epitope of the human CSPG4. See
Rewmhold ¢ al., “Specific lysis of melanoma cells by receptor grafted T cells is enhanced by anti-
idiotypic monoclonal antibodies directed to the scFv domain of the receptor,” J fnvest Dermaiol,
112:744-750 (1999). It 1s well established that culture passages of hybridoma affect the growth
rate of the hybridoma and the yield of the secreted antibody. See Correa ef al., “Effects of passage
number on growth and productivity of hybridoma secreting MRSA anti-PBP2a monoclonal
anttbodies,” Cyrotechnology 68:419-427 (2016). 1t has also been described that upon culture
passages aming acid substitutions may occur in both UDRs and FWRs in subclones derived from
the hybridoma. See, Xinand Cutler,"Hybridoma passage in vitro may result in reduced ability of
antimannan antibody to protect aganst disseminated candidiasis,” fnfecr. Immun. 74:4310-4321
{2006). In hght of this possibility, the Vi and Vi domains of a late passage of the 763.74
hybridoma are sequence. We obtained two VL and Vu sequences i which amino acid substitutions
were identified in the FWRs (FR1 and FR3) of both Vi and Vu (Fig. 2A). A new scFv called scFv
763 74(B} is assembled, a new scFv 763.74(B) CAR is generated and the resulting sequences
compared side-by-side with scFv 763.74(A) CARs for evidence of tonic signaling. All CARs are
equally expressed in T cells (Fig. 2B and Fig. 8A}, and CAR-T cells equally expanded in vifre

{Fig. 8B). However, T cells expressing scFv 763.74(B) CAR encoding either CD28 or 4-1BB
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costimulatory endodomains did not show spontaneous release of IFNy (Fig. 2C) A more
homogeneous distribution of the scFv 763.74(B) CARs on the membrane of T cells using confocal
microscopy of GFP-tagged CARS 13 observed (Fig. 1D and Fig. 8C). Of note, cross-linking of
CARs expressed in T cells mediated by an anti idyotipic mAb (MK2-23 mAb} caused significant
cluster formation of CAR molecules regardiess the type of scFv expressed, further indicating that
clusters identified by confocal microscopy iruly reflect the formation of CAR aggregates (Fig.
8D}, Phenotypic analysis of T cells expressing scFv 763.74{A) CARs or scFv 763.74(B} CARs
do not show differences in the expression of memory and exhaustion markers indicating that tonic
signaling may not mduce an exhaustion phenotype during the 10 - 14 days of culture usually
required to manufacture CAR-T cells for clinical use (Fig. 8EF}). see Ramos ef af., “Clinical
responses with T lymphocytes targeting malignancy-associated kappa light chains,” .1, Clin. Invest
126:2588-2596 (2016}, Ramos ef of., “Clinical and immunological responses after CD30-specific
chimeric antigen receptor-redirected lyvmphocytes,” J Clin. Invest 127:3462-3471 (2017}, Overall,
these data mdicate that amino acid substitutions within the FWRs of a scFv antibody are sufficient
in causing self~aggregation of the scFv in the CAR format and tonie signaling i T cells defined
as basal release of ITFNy.

{80227} Amino acid substitutions within the FWRs of the scFv cause protein destabilization.
To study if differences in amino acids between the scFv 763.74(A) and scFv 763.74(B) cause
destabilization of the scFv, the 3D conformation of the scFv 763.74(B) through homology
modeling and optimized the structure for in sifico mutagenests {(Fig. 3A) are generated. The Ens
ool 18 employed to delingate the effect of FWR mutations, L3K, TS8, A0S, E&3(, 1123V, Q124K
V126K, Q127E, and L230V on the structure of the scFv 763.74(B}. Eris estimated the AAGumu for
the above-mentioned muiations as 2.41, 1.26, 2.29, 0.47, 0.79, 1.87, 4.58, 2.70, and .67 keal/mol,
respectively (Fig. 3B}, Specifically, the mutations are destabilizing scFv 763.74(A) structure
{AAGmn > 0) and subsequently affecting the CAR spontaneous aggregation. Further, to cross-
validate the structural conformation of the scFv 763 74(B), Ens analysis 1s performed to identify
stabilizing mustations {AAGuu < 0} at the FWR nustated sites. The analysis indicates that mutations
such as H83L, E&31, T5M, and Q124M result in negative AAGwu, notifying their potential
stabilizing capability {Fig. 9). Furthermore, residues such as 1123 and Q127 are identified as
critical for the stability of the scFv 763.74(B) structure. The substitution of any of the other 19

amino acids at 1123 or Q127 positions highly destabilizes the scFv 763.74(B) structure (AAG > 0)
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and thereby affects the protein aggregation (Fig. 3C). Overall, these data indicate that amine acid
substitutions within the FRWs of a scFv mAb destabilize the protein and cause self-aggregation
of the scFv, and that computation guided analyzes can be used to stabilize the protein struciure.

{60228} Amino acid substitutions within the FWRs of the scFv enhance functions of CAR-
T cells. The effect of amino acid substitutions within the FWRs of the scFv affect the anti~tumor
activity of CAR-T celis on the melanoma cell lines WMI115 (CSPG4+) and M14 (CSPG4-) (Fig.
10A). Paralleling the spontaneous release of IFNy, T cells expressing the 763 74(A)} CAR with 4-
1BB showed compromised capacity to eliminate tumor cells in vifro {residual tumor cells 43.6%
+ 26.0%) at the end of a 4 day coculture when CAR-T cells and tumor cells are plated at the 1 to
S ratio (Fig. 4A,B). In contrast, CD28 costimulation seemed to allow complete tumor elimination
for both 763 74{A} and 763.74(B} CARs (residual tumor cells 2.2% = 2. 7% and 2.9% + 2.6%,
respectively). Of note, T cells expressing the 763.74(B) CAR with 4-18B costimulation, shows
waproved antitumor effects as compared to T cells expressing 763.74(A) CAR with 4-188, but
does not completely eliminate the tumor cells (residual tumor cells 14.1% + 8.0% and 43.6% =+
26.0%, respectively) (Fig. 4A,B). CAR-T cells does not eliminate the melanoma cell line M14 that
iacks CSPG4 expression indicating that antigen specificity is not affected by amino acid
substitutions within the FWRs. Of note, only T cells expressing the 763 . 74(B) CARs consistently
released detectable amounts of Thi cytokines in the culture supernatant with WMI11S tumor cells
{Fig. 10B). The superior antitumor effects of 763 74(B) CAR-T cells is more evident i vivo using
the eGFP-FFLuc WM115 xenogeneic NSG mouse model (Fig. 4C) T cells expressing the
763.74(B) CAR with CD28 exhibit the most prominent antitumor effects measured as both tumor
bioluminescence {Fig. 4D and Fig. 10C} and tumor size {Fig. 4E}. Enhanced functions of CAR-T
cells expressing the 763.74(B) CAR are confirmed in our previously described ghoblastoma
{GBM) tumor model in which nude mice are engrafted in the brain with primary GBM-derived
newrospheres (GBM-NS) and treated via intratumor jnoculation of CAR-T cells. See Pellegatta er
al., “Constitetive and TNFalpha-inducible expression of chondroitin sulfate proteoglyean 4 in
glioblastoma and neurospheres: Implications for CAR-T cell therapy,” Sci. Transi. Med. 10 (2018)
{“Pellegatta ef alf. 20187}, see Fig. 5A. In this model tumor engraftment and progression are
monitored by magnetic resonance imaging (MRI). Rapid tumor progression in mice treated with
control T cells or T cells expressing the 763.74(A} CAR encoding CD28 15 observed, and in these

animals tumor masses occupy the whole hemispheres and infiltrate the contralateral one (Fig.
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5B,C). Mice treated with T cells expressing the 763.74(B) CAR encoding CD28 showed the most
evident antitumor effects as indicated by smaller and more circumscribed lesions (Fig. 5D, but
tumor control is also observed n mice treated with T cells expressing either 763.74(A) or
703.74(B} CAR encoding 4-1BB even if the antitumor effects are less dramatic (Fig. SEF). T cells
expressing either 763.74(A) or 763.74(B) CARs encoding 4-1BB prolonged survival as compared
to mice treated with control T cells (p<0.0001}). However, T cells expressing the 763.74(B) CAR
encoding CD28 were the most effective in prolonging survival {p<0.0001 vs. CTR; p = (.04 vs.
763.74(A) with 4-1BB, p=0.01 vs. 763.74(B) with 4-1BB} Modest activity of T cells expressing
the 763 .74{A) CAR encoding CD28 is observed since no mice survive more than 110 days.
Pellegatta er al. 2018 (Fig. 5Gj. To further characterize the remarkable antitumor effects of T cells
expressing the 763 74(B) CAR encoding CD28 in this GBM model, the activation status of T cells
mmediately after intracranial infusion is investigate. Tumor masses are explanted 2, 4, 6, 12, 24
and 48 hours after CAR-T cell mfusion. T cells expressing the 763.74(B) CAR with (D28
upregulated CI69 within 2 hours after inoculation (42.5 £ 2.1% CD69" T cells) are observed, and
matntained high CD69 levels for 24 hours (22.5 = 1.5% CD697 T cells), which i consistent with
previous reports mdicating the fast activity of CAR-T cells encoding the CD28 endodomain. See
Fhao et af. “Structural Desigo of Engineered Costimulation Determines Tumor Rejection Kinetics
and Persisterice of CAR T Cells. Cancer Cefi 28:415-428 (2015); Sun er af. 2020. (Fig. SH).
Additional experiments 7u vitro further demonstrate the rapid antitumor effects of T cells
expressing the 763.74(B) CAR with CD28 (Fig 11}

{86229} Homamzation of the FWRs of the scFv abrogates CTAR tomic signaling.
Homamzation of murime derived scFvs 13 a strategy proposed to prevent humoral and T cell
responses to the CAR. See Sun ef of. | “Construction and evaluation of a novel humanized HER2-
specific chimeric receptor,” Breast Cancer Res. 16:R61 (20143, Johnson ef al, “Rational
development and characterization of humanized anti-EGFR variant I chimeric antigen receptor
T cells for ghoblastoma,” Sci. Transi. Med. 7.275¢a22 {2015). Substituting the murine FWRs of
the scFv with human FWRs could be used to abrogate the CAR tonic signaling. The sequence of
763 74{ A} and the stable human framework rFW1.4 were aligned, and the critical amino acids
were 1dentified. See Ewert et al, “Stability improvement of antibodies for extracellular and
mtracellular applications: CDR grafting to stable frameworks and structure-based framework

engineering,” Methods 34:184-199 (2004). One CDR graft with no mutations in the tFW1.4
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sequence and seven variants with up to 24 mutations in the critical regions were designed in the
first round of engineering (Fig. 12ZA). Humanized sclv variants alone {1.e only extracellular
domain of CARS) and the wild-type murine scFv were expressed in E.coli, refolded and purified
by size exclusion chromatography (SEC). The wild-type murine scFv variant was not refoldable
due to aggregation. Therefore, we were unable to purify 1t in a soluble form. This result further
suggests that the murine 763 74(A) scFv 1s unstable. A humanized variant with no mutations in
the rtFW1 .4 15 expressed, but does not bind CSPG4. Nearly all other humanized scFv variants are
successfully expressed and able to bind CSPG4™ cells. In the next engineering rounds, humanized
variants with the minimal number of 763.74(A) murine FW residues are further subjected to chain
shuffling of the Vy and V. A total of 26 humanized scFvs are produced. Four humanized scFvs
(h763.74 #2, W763.74 #3, h703.74 #4 and h763.74 #5) with the minimal number of murine FWR
residues and retained CSPG4-binding activity are selected for further studies (Fig. 12B). CARs
with all four humanized scFv 763.74{A) with CD28 endodomain are generated and in vitro
coculture experiments with tumor cells are performed. T cells expressing h763 74 CAR #2 and
h763 74 CAR #5 showed a trend for better antitumor activity and higher production of IFNy and
IL-2 in visro and are selected for further studies (Fig. 12C-E). To characterize the two selected
humanized scFvs h763.74 CAR #2 and h763. 74 CAR#S5 (Fig. 13A), storage stability studies with
purified soluble scFvs are performed. Proteins are prepared at 1 mg/ml and stored for 48 hours at
4°C and 37°C. After incubation, samples are analyzed by SEC to estimate the percentage of
monomeric proteins. Under tested conditions, no detectable protein loss is observed, and the
percentage of monomers remained above 91% - 97% (Fig. 13B). This method demonstrates that
all four selected humanized scFvs are monomeric under tested conditions and do not dimerize or
aggregate upon storage at 4°C and 37°C. The expression of h763.74. CAR #2 and h763. 74 CAR
#5 mn T cells 1s adequate (Fig. 6A and Fig. 14A), and T cells do not show spontaneous release of
IFNy (Fig. 6B). T cells expressing the h763 74 CAR #2 and h763 74 CAR #35 successfully
controlled the CSPG4™ WM1135 melanoma cell growth in viero (residual tumor cells 11% = 15%
and 10% + 17% respectively), while they do not target the CSPG4” M14 melanoma cell line
indicating that antigen specificity is maintained (Fig. 6C and Fig. 148} The anti-tumor activity
of T cells expressing h763.74 CAR #2 and h763.74 CAR #5 13 corroborated by specific production
of IFNy and -2 (Fig. 14C). T cells expressing the h763.74.CAR #2 and h763.74. CAR #5 are

compared with T cells expressing the 763.74(B) CAR encoding the CD28 endodomain mn the
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xenogeneic WM115 melanoma mouse model (Fig. 6D). T cells expressing the h763.74 CAR #2
and 1763.74 CAR #5 show potent antitumor activity (Fig. 6F and Fig. 14D). Furthermore, T celis
are detectable in the peripheral blood of treated mice at different time points (Fig. 14E}, and in the
fiver and spleen at the time of euthanasia (Fig. 6F), and T cells retain the CAR expression (Fig.
6G). Of note, T cells expressing h763.74.CAR #2 and h763.74.CAR #5 do not show increased
expression of PD-1 as compared to 763.74(B) CAR with CD28 (Fig. 14F,G). Overall, these data
show that the humanization of a scFv can be used to eliminate tonic signaling of CAR molecules

maimdaining specific antitumor effects.

34



10

i5

)
<D

WO 2022/006147 PCT/US2021/039672

CLAIMS

1. A binding member having a binding specificity to chondrottin sulfate proteoglvean 4
{CSPG4), sand binding member comprises
a variable light chain sequence comprising light chain complementarity determining
regions (“LCDRs™) LCDRI to LCDR3 sequences set forth in SEQ 1D NOs: 1-3 and
a light chain framework sequence 1 (VL-FR1) selected from the group consisting of
SEQID NOs: 153 10 221,

a light chain framework sequence 2 (VL-FR2) selected from the group consisting of
SEQ ID NGs:222 t0 225;

a light chain framework sequence 3 {(VL-FR3} selected from the group consisting of
SEQ 1D NOs:226 10 249; and

a hight chein framework sequence 4 (VL-FR4) selected from the group consisting of
SEQ ID NOs: 250 to 255;

a variable heavy chain sequence comprising heavy chain complementarity determining
regions ("HCDRs”) HCDRI to HCDR3 sequences set forth in SEQ 1D NOs: 4 t0 6
and,

a heavy chain framework sequence 1 (VH-FR1) selected from the group consisting of
SEQ 1D NOs:256 1o 349;

a heavy cham framework sequence 2 (VH-FR2) selected from the group consisting of
SEQ ID NOs:35G 10 353,

a heavy cham framework sequence 3 (VH-FR3) selected from the group consisting of
SEQ ID NOs:354 10 360; and

a heavy chain framework sequence 4 (VH-FR4) selected from the group consisting of

SEQ D NOs:361 to 382,

2. The binding member having a binding specificity to CSPG4 of claim 1, wherein said light
chain framework sequence 1 (VL-FR1) 1s selected from the group consisting of SEQ ID
NOs:153 10 158;

said light chain framework sequence 2 (VL-FR2) 15 selected from the group consisting of

SEQ ID NOs:222 to 225,
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said light chain framework sequence 3 (VL-FR3} s selected from the group consisting of
SEQ ID NOs:226 t0 231; and
said light chain framework sequence 4 (VL-FR4) 1s selected from the group consisting of

SEQ 1D NOs:250 to 255,

(94

said heavy chain framework sequence 1 (VH-FR1) is selected from the group consisting
of SEQ 1D NOs:347 to 349;

said heavy chain framework sequence 2 (VH-FR2) is selected from the group consisting
of SEQ ID NQOs:350 10 353;

said heavy chain framework sequence 3 (VH-FR3) is selected from the group consisting

1o of SEQ 1D NOs:354 to 360; and

said heavy chain framework sequence 4 (VH-FR4) is selected from the group consisting

of SEQ ID NOs:361 to 362

3. The binding member having a binding specificity to CSPG4 of claim 1, wherein said variable
light chain sequence comprises a sequence selected from the group consisting of SEQ 1D
15 NOs: 67 to 109 and said variable heavy chain sequence comprises a sequence selected from

the group consisting of SEQ 1D NQOs: 11010 152,

4. A nucleic acid encoding a polypeptide comprising a variable light chain sequence comprising
light chain complementarity determining regions (“"LCDRs”} LCDR1 to LCDR3 sequences
set forth in SEQ 1D NGs: 1-3 and

a light chain framework sequence 1 (VL-FR1) selected from the group consisting of SEQ
ID NOs: 153 o0 221

a light chain framework sequence 2 (VL-FR2) selected from the group consisting of SEQ
T NOs: 222 to 225,

a light chain framework sequence 3 (VL-FR3) selected from the group consisting of SEQ

S 10 NOs:226 to 249; and

a light chain framework sequence 4 (VL-FR4) selected from the group consisting of SEQ

1D NOs:250 to 2535
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A nucleic acid encoding a polypeptide comprising a variable heavy chain sequence
comprising heavy chain complementarity determining regions ("HCDRs”y HCDR1 to
HODR3 sequences set forth in SEQ 1D NOs: 4 to 6 and
a heavy chain framework sequence 1 (VH-FR1) selected from the group consisting of
SEQ ID NOs:256 to 349;
a heavy chain framework sequence 2 (VH-FR2) selected from the group consisting of
SEG D NOs:350 to 353;
a heavy chain framework sequence 3 (VH-FR3) selected from the group consisting of
SEG ID NOs:354 0 360; and
a heavy chain framework sequence 4 (VH-FR4) selected from the group consisting of

SEQ ID NOs:361 to 382,

A chimeric antigen receptor {CAR) expression construct comprising nucleic acid sequences
encoding
a chimeric antigen receptor {CAR) coding sequence comprising an ectodomain sequence
comprising an antibody or antigen binding fragment thereof that binds to chondroitin
sulfate proteoglycan 4 (CSPG4) comprising
variable light chain sequence comprising light chain complementarity determining
regions (“LCDRs™) LCDR1 to LUDR3 sequences set forth in SEQ 1D NQOs: 1-3
a hight chain framework sequence 1 {(VL-FR1) selected from the group consisting of
SEQID NOs: 153 to 221,
a light chain framework sequence 2 (VL-FR2) selected from the group consisting of
SEQ ID NOs:222 to 225;
a light chatn framework sequence 3 (VL-FR3) selected from the group consisting of
SEQ ID NOs:226 to 249; and
a3 light cham framework sequence 4 (VL-FR4) selected from the group consisting of
SEQ ID NOs:250 to 255,
a3 variable heavy chain sequence comprising heavy chain complementarity determining
regions { “HCDRs”) HCDRI1 to HCDR3 sequences set forth in SEQ ID NGs: 4 t0 6
and
a heavy chain framework sequence 1 (VH-FR1) selected from the group consisting of

SEQ ID NQOs:256 to 349,

oD
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a heavy chain framework sequence 2 {(VH-FR2) selected from the group consisting of
SEQ ID NOs:350 to 353;
a heavy chain framework sequence 3 (VH-FR3) selected from the group consisting of
SEQ 1D NOs:354 t0 360; and
a heavy chain framework sequence 4 (VH-FR4) selected from the group consisting of
SEQ 1D NGs:361 1o 382;
a transmembrane domain sequence; and

an endodomain sequence.

The chimeric antigen receptor {CAR} expression construct of claim 6, wherein said
transmembrane domain is selected from the group consisting of CD28 (Gene 1D:940, 12487),
CD3- { {Gene 112:919;12503 CD247 }, CD4 (Gene 1D:920, 12504}, CDE& (Gene 113:924,
12525, CD16 (Gene H2:2214; 14131; Fegr3 ), NKpd4 (Gene 1D:9436, NCR2), NKp46
(Gene ID):9437, 17086, NCR1 ), and NKG2d (Gene 11):22914:27007 KLRK1 ).

The chimeric antigen receptor (CAR) expression construct of claim 6, wherein said
endodomain sequence s selected from the group consisting of CD28 (Gene 1D:940), TNF
receptor superfanily member 9 {Gene 1D 3604, e.g, 4-18BB or CD137), CD247 {Gene ID
919, CD3-0), 2B4 (Gene ID:51744, CD244)}, Interleukin 21 (1L-21, Gene 1D 59067),
hematopoietic cell signal transducer (HCST, Gene 1D 10870 e g, DAPI0), and

transmembrane immune signaling adaptor (TYROBP, Gene [D 7305; DAP12)

The chimeric antigen receptor (CAR) expression construct of Claim 6, further comprising
sequences encoding a protein sequence for a transcriptional activator in the Wnt signaling

pathway.

The chimeric antigen receptor {CAR) expression construct of claim 9, wherein said
expression construct encodes a polyprotein comprising said protein sequence for a
transcriptional activator in the Wat signaling pathway and up to three additional protein

coding sequences.

The chimeric antigen receptor {CAR) expression construct of claim 9, wherein said protein

sequence for a transcriptional activator in the Wit signaling pathway and up to three
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additional protein coding sequences are separated by an autonomous intra-ribosomal self-

processing peptide.

. The chimeric antigen receptor {CAR} expression construct of claim 11, wherein sard

autonomous mira-ribosomal self-processing is a foot-and-mouth disease virus (FMDV) 2A

sequence or a refated ¢is acting hydrolase element (CHYSEL).

. The chimeric antigen receptor (CAR) expression construct of claim 9, wherein said

franscriptional activator 15 selected from the group consisting of lymphoid enhancer binding
factor 1 {LEF1, Gene ID 51176}, beta~catenin {TCTNNBI, Gene ID 1499)), Smad3 (Gene ID
4088}, HNF1 homeobox A (HNFTA, Gene 1D: 6927 {(alt. TCF1), transcription factor 7
(TCF7, Gene 1D:6932 (alt. TCF1} and TLE family member 1, transcriptional corepressor

(TLE 1, Gene ID 7088).

. The chimeric antigen receptor (CAR) expression construct of claim 13, wherein said LEF1

selected from the group consisting of Reference Sequence (RefSeq) ID NOs: NP_057353.1,

NP _001124185.1, and NP _001124186.1.

. The chimeric antigen receptor (CAR} expression construct of claim 10, further comprising at

least one protein coding sequence for a growth factor.

The chimeric antigen receptor {CAR) expression construct of claim 15, wheren said growth
factor 18 selected from the group consisting of mterlenkin-15 (JL-135), mterleukin-7 (IL-7},
mterleukin-12 (IL-12), interleckin-18 (IL-18), interfeokin-21 (L.-21), interleukin-27 (3L-27),

intereukin-33 (11-33}, and combinations thereof.

. The chimeric antigen receptor {CAR) expression construct of Claim 15, wherein said protein

coding sequence for a growth factor is separated from said CAR coding sequence by a foot-
and-mouth disease virus (FMDV) 24 sequence or a FMDV 2A related cis acting hydrolase

element {CHYSEL) sequence.

The chimeric antigen receptor (CAR} expression construct of Claim 6, wherein said

ectodomain sequences further comprises a spacer domain.
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19. The chimeric antigen receptor { CAR) expression construct of Claim 6, wherein said

endodomain comprises the signal sequence of 4-1BB fused in-frame to 8 CD3-zeta chain.

20. The chimeric antigen receptor ({CAR} expression construct of Claim 6, further comprising a
DINA sequence encoding a small hairpin RNA (shRNA} sequence targeting an MHC class
or MHC class I gene, wherein the shRNA sequence 1s embedded in an artificial microRNA

{amiR} scaffold.
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