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CHIMERIC CO-STIMULATORY PROTEINS COMPRISING MUTANT
INTRACELLULAR DOMAINS WITH INCREASED EXPRESSION

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to and the besefit of U.S. Provisional Application No.
63/163,171, filed on March 19, 2021 and U.S. Provisional Application No. 63/133,494, filed
on fanuary 4, 2021, the contents of each of which are hereby incorporated by reference in

their entirety.

BACKGROUND

While adoptive cell therapies show efficacy in cancer treatment, the effectiveness of
these therapies can be further improved through genetic engineering of T cells for better
expansion and persistence. T cells require functionally non-overlapping co-stimulatory
signals from CD28 family and tumor necrosis facior receptor (TNFR) family along with
antigen triggered TCR signaling to promote full-fledged activation and persistent
proliferation. In developing gene-engineered T cell therapeutics, there is a need to introduce
chimeric T cell co-stimulatory molecules that can be locally activated upon T cell engaging
with pathological antigens to potently augment T cell activation for increased therapeutic
efficacy. Currently, the second generation of chimeric co-stimulatory molecules
incorporating ove co-stimulatory signaling domain from proteins of either CD28 family or
TNFR family has been widely adopted in CAR T cell therapy. Chimeric antigen receptors
{CARs) integrating one co-stimulatory signaling domain augment T cell function through
both activating and co-stimulatory signals, thus resulting in enhanced anti-tumor potency and
T cell persistence. Given that the capacity for T cell to expand depends on the structural
design, the current second generation co-stimulatory proteins may not be optimal for
induction of a durable tumor remissions. Thus, there is a desired effort to develop third-
generation chimeric molecules combining two co-stimulatory signaling domains from CD28
family and TNFR family members to further enhance T cell therapeutic potential, capitalizing
on non-overapping functions of the two families of co-siirpulatory molecules. In addition,
such third-generation chimeric co-stimulatory molecules can be integrated into TCR T
therapy where T cell activation reruains suboptimal due to insufficient co-stimulatory signals
during activation of exogenously expressed TCRs by antigens. However, existing

recombinant DNA strategies often suffer from reduced cell surface expression of the chimeric
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proteins combining two co-stimulatory signaling domains, preventing realization of the
functional potential of the chimeric proteins. The present application addresses such needs.
The present application discloses third-generation chimeric T cell co-stimulatory
molecules that incorporate two signaling domains from CD28 and TNFR families and
express at significantly improved levels than what have been conventionally reported for

enhanced T cell functions, and methods of making the co-stimulatory molecules.

SUMMARY

Provided herein are novel chimeric co-stimulatory intraceliular domains. The
chimeric co-sttmulatory intracellular domains provided herein comprise: {a) a first signaling
domain that is based on the intracellular signaling domain of a CD28 family protein; and (b)
at feast a second signaling dowain that comprises a routant intracetlular signaling domain of a
wmor necrosis factor receptor (TNFR) family protein.

In some embodiments, the first signaling domain that is based on the intraceliular
signaling domain of a CI328 family proteins is selected from a CD28 protein, ICOS protein or
a combination thereof. In some embodiments, the at least second signaling domain 13 based
on a mutant of the intracellular signaling domaio of a TNFR family protein selected from
CD137 (4-1BB) and CD134 (0OX-40).

The chimeric co-stimulatory intracellular domains provided herein comprise: {8} a
first signaling domain that is based on the intracellular signaling domain of a CD28 protein,
ICOS protein or a combination thereof, and (b} at least a second sigualing domain that
comprises a mutant CB137 (4-1BB) intracellular domain or a mutant CD134 (0X-40)
intracellular domain. In some embodiments, the mutant CD137 (4-1BB) intraceliular domain
or the mutant CI»134 (0X-40) intraceliular domain comprises a delgtion, an insertion or a
substitution of one or more amino acids in the membrane proximal portion of the CD137 or
CD134 intracellular domain. Without being bound by theory, in some embodiments, the one
or more amino acids in the membrane proximal portion can be ubiquitination sites involved
in the ubiguitination and degradation of the CID137 or C3134 protein.

Also disclosed herein is a functionally optimized intracellular co-stimulatory domain
for use in novel adoptive cell therapy, optionally in combination with cell-intrinsic immune
checkpoint inhibitory receptors or immune-stimulatory receptors or portions thereof,
developed to treat human diseases and disorders, including hematological and solid tumors.

Also disclosed herein is a functionally optimized intracellular co-stimulatory domain for use
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in combination with a T cell receptor (TCR), e.g. an endogenous TCR or an affinity enhanced
TCR targeting a tumor-associated antigen. Optionally, the intracellular co-stimulatory
domain 13 used in combination with a second component {(e.g., a cell surface receptor or
portion thereof) that directs migration of an immune cell to bind to a target tissue or cell or
induces activation and/or proliferation of an immune cell, such as a PD-1 swiich receptor
{PD-1 based co-stimulatory molecule}, that can increase T cell functionality in tumors, such
as a PD-L1/PD-L2-expressing tumor. Also disclosed herein is a therapy that utilizes the PD-1
checkpoint blockade in a celi<intrinsic fashion, which simultaneously minimizes autoimmune
side effects and provides increased on-tumor functionality. The present application discioses
recombinant T cell co-stimulatory receptors {RTCRs) based on T cell co-receptors or
chimeric antigen receptors (CARs) comprising a functionally optimized intracellular co-
stimulatory domain of the present application. The present application also discloses T cell
co-receptors comprising a functionally optimized intracellular co-stimulatory domain and a
PD-1 extracellular dowain (e, PD-1 switch receptors or PD-1 based co-stimulatory
molecules}. The present application also discloses CD19 and B cell maturation Ag (BCMA)
based CARs comprising a functionally optimized intracellular co~stimulatory domain that
promotes CD19 and BCMA binding mediated T cell activation, proliferation, and fumor
killing. The RTCRs disclosed in the present application can be used for evaluation of
checkpoint targets, safety screening, and for development of pre-clinical animal models to
evaluate the effectiveness of the combination of the functionally optimized intracelluiar co-
stimulatory domain of the present application with any TCRs or CARs. Additional cell-
intrinsic immune checkpoint inhibitors with the efficacious TCRSs are also developed.

The present disclosure provides a recombinant T cell co-stimulatory receptor (RTCR),
comprising: {a} an extracellular domain; (b} a transmembrane domain; and {(¢) a chimeric
intracellular domain comprising a first and at least a second sigoal transduction domains,
wherein the first and the at least second signal transduction domains are non-tdentical; and
wherein the at least second signal transduction domain comprises a mutant intracellular
signaling domain of a tumor necrosis factor receptor {TNFR) family protein.

The present disclosure provides a recombinant T cell co-stimulatory receptor (RTCR),
comprising: {a) an extracellular domain; (b) a transmembrane domain; and {c) a chimeric
intracetiular domain comprising a first and at least a second signal transduction domains,
wherein the first and the at least second signal transduction domains are non-identical; and
wherein the at least second signal transduction domain comprises a mutant CD137 (4-18B)

intracellular domain or a mutant CD134 (0X-40) intracellular domain.
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The present disclosure also provides a nucleic acid encoding the RTCR disclosed
herein. The present disclosure also provides a vector comprising the nucleic acid disclosed
herein. The present disclosure also provides a cell comprising the nucleic acid or the vector
disclosed herein.

The present disclosure also provides a modified T lymphocyte (T cell}, comprising:
{a) a modification of an endogenous sequence encoding a T cell Receptor (FCR}, wherein the
modification reduces or climninates a level of expression or activity of the TCR; and (b} a
recombinant T cell co-stimulatory receptor (RTCR) disclosed herein.

The present disclosure also provides a composition comprising the RTCR disclosed
herein. The present disclosure also provides a composition comprising the nucleic acid
encoding the RTCR disclosed herein. The present disclosure also provides a composition
comprising the vector comprising the nucleic acid disclosed herein. The present disclosure
also provides a composition comprising the cell disclosed herein. The present disclosure also
provides a composition comprising the modified T cell disclosed herein.

The present disclosure also provides a composition comprising a population of cells,
wherein the population comprises a plurality of the cell comprising the nucleic acid encoding
or a vector comprising the nucleic acid encoding the RTCR disclosed herein. The present
disclosure also provides a composition comprising a population of cells, wherein the
population comprises a plurality of the modified T cell disclosed herein.

The present disclosure provides a method of producing a plurality of modified T cells,
wherein the method comprises: 2) providing a plurality of primary T cells disclosed herein; b)
providing a composition comprising the RTCR disclosed herein, the nucleic acid encoding
the RTCR disclosed herein, or the vector corprising the nucleic acid encoding the RTCR
disclosed herein; and ¢} introducing into the plurality of primary T cells of (a) the
composition of (b), to produce a plurality of modified T cells under conditions that stably
express the RTCR within the plurality of modified T cells. In some embodiments, the method
of producing a plurality of modified T cells disclosed herein, further comprises a step of
modifying an endogenocus sequence encoding an endogenous T cell Receptor (TCR), wherein
the modification reduces or eliminates a level of expression or activity of the endogenous
TCR. In some embodiments, the method of producing a plurality of modified T cells
disclosed herein, further comprises a step of modifying an endogenous sequence, wherein the
modification reduces or eliminates a level of expression or activity of a major
histocompatibility complex (MHC) class I {MHC-1). In some embodiments, the method of

producing a plurality of modified T cells disclosed herein, further coraprises: d) maintaining
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the plurality of modified T cells in a suitable cell culture media; and e) either: 1)
cryopreserving the plurality of modified T cells in a suitable cell freezing media; or i)
preparing the plurality of modified T cells for administering to a subject suffering from a
disease or disorder.

The present disclosure also provides a method of treating a disease or disorder,
comprising administering to a subject in need thereof a therapeutically effective number of
the cell comprising the nucleic acid encoding or the vector comprising the nucleic acid
encoding the RTCR disclosed herein, a therapeutically effective number of any one of the
modified T cell disclosed herein, a therapeutically effective amount of any one of the
compositions disclosed herein, or a therapeutically effective number of the plurality of
modified T cells produced by the method disclosed herein.

The present disclosure also provides a chimeric co-stimulatory intracellular protein
{CIP) comprising a first and at least a second signal transduction domains, wherein the first
and the at least second signal transduction domains are non-identical;, and wherein the at least
second signal transduction domain comprises a mutant intraceliular signaling domain of a
tumor necrosis factor receptor (TNFR) family protein.

The present disclosure also provides a chimeric co-stimulatory intracellular protein
(CIP) comprising a first and at least a second signal transduction domains, wherein the first
and the at least second signal transduction domains are non-identical, and wherein the at least
second signal transduction domain comprises a mutant CD137 (4-1BB) intracellular domain
or a mutant CD134 (OX-40} intracellular domain.

Throughout the specification the term “comprising,” or vartations such as
“corgprises” or “comprise,” will be understood to imply the tnclusion of a stated element,
integer or step, or group of elements, integers or steps, but not the exclusion of any other
element, integer or step, or group of elements, integers or steps.

Throughout the specification the term “signal domain”, “signaling domain”, and
“signal transduction domain”, are used interchangeably, unless the context dictates otherwise.

While the disclosure has been described in conjunction with the detailed description
thereof, the foregoing description 1s intended to illustrate and not limit the scope of the
disclosure, which is defined by the scope of the appended claims. Other aspects, advantages,
and modifications are within the scope of the following claims.

The patent and scientific literature referred to herein establishes the knowledge that is
available to those with skill in the art. All United States patents and published orunpublished

United States patent applications cited heretn are incorporated by reference. All published
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foreign patents and patent applications cited herein are hereby incorporated by reference.
Genbank and NCBI submissions indicated by accession number cited herein are herehy
incorporated by reference. All other published references, documents, manuscripts and

scientific literature cited herein are hereby incorporated by reference.

DESCRIPTION OF THE FIGURES

FIG. 1 depicts alignment of the intracellular tails of TNF receptor superfamily
members that are used in the T cell co-stimulatory molecules of the present application.
Membrane-proximal poly-basic regions are italicized. Potential PI3K binding sites are bold
and underlined. TRAF /2 binding wotifs: major motif Px{(Q/E)E and minor motif Px((Q/E)x,
are underlined. Potential ubiquitination sites are in bold.

FIGs. 2A-2B depict the modular design of 2% and 3" generation co-stimulatory
molecules. FIG. ZA depicts modular design of co-stimulatory molecules denoting the signal
peptide, extracellular domain, transmembrane domain, and 1ntracellular signaling domain.
FIG. 28 depicts structures and sequences of first signal transduction domains: 1COS, CD23
and ICOS mtracellular domain with a portion of CD28 domain inserted. Regions and known
binding pariners of the [COS and CD28 intracellular dorain with specific binding funciion
are indicated. The amino acid/nucleic acid sequences of the co-stimulatory molecules and the
intracetlular domaius are as indicated.

FIG. 3 depicts the combinations of extracellular effector domains and intracellular
signaling domains of the present application.

FiGs. 4A-4B depict that deletion of the N-terminal section of the 4-1BB signaling
domain, including the polybasic domain and lysine residues, rescues the expression of the co-
stimulatory molecules. FIG. 4A depicts expression of human PD1T and huEGFRY on the
surface of T-lyrmphocytes following lentiviral transduction with the indicated construct. FIG.
4B depicts the normalized PD1 surface expression on huEGFRi-expressing cells expressing
different co-stimulatory molecules with ICOS or CD28 based chimeric intracellular domains
comprising wild type or truncated 4-1BB domains or 0X-40 domains, as indicated. The
amino acid/nucleic acid sequences of the chimeric intracellular domains are as indicated.

FIGs. SA-5D depict cytokine production and proliferation of T cells expressing
different co-stimulatory molecules with ICOS based chimeric intraceflular domains
comprising wild type or truncated 4-1BB or OX-40 domains. F1Gs. SA-SC depict that

antibody-mediated crosslinking of co-stimulatory molecules increases T cell cyiokine
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production #n-vifro. I-2 (FI1G. 5 A), TNF (FIG. 5 B), and IFNy (FIG. 5 C) were measured by
bead-based multiplex assay in culture supernatants following 18hr stimulation of T cells
transduced with the indicated constructs with plate-bound anti-PD1 [2 png/mL] and the
indicated amount of plate-bound anti-CD3. The x-axis indicates the different co-stimulatory
molecules and the y-axis indicates the amount of cytokine produced expressed as absorbance
unit (AU} FIG. 5D depicts proliferation of T cells stimulated with the indicated plate-bound
antibodies for 96hrs. The amino acid/nucleic acid sequences of the chimeric intracellular
domains are as indicated.

FiGs. 6A-6C depict that PD-L1 engagement of co-stimulatory molecules increases T
cell cytokine production in-vifro. FIG. 6A depicts IL-2 (upper panel}, IFNy (middle panel),
and TNF (lower panel) measured by bead-based multiplex assay in culture supernatants
following 18hr stimulation of T cells transduced with the indicated constructs. The x-axis
indicates amount of anti-CD3 antibody (ug/ml) and the y-axis indicates cytokine production
as percentage of control. FIGs. 6B-6C depict IL-2 (upper panels), IFNy (middle panel), and
TNF (lower panel) production by T cells transduced with the indicated co-stimulatory
molecules comprising CD28 intracelivlar domain (FIG. 6B, upper, middle and lower panels)
and ICOS mtracellular domain (FIG. 6C, upper, middle and lower panels), respectively, and
stimulated with the indicated concentration of soluble anti~-CD3 antibody in the presence of
K362 cells expressing HLA-AZ (left panels) or HLA-A2 and PD-LI(right panels}. The x-axis
indicates amount of anti-CD3 antibody {1tg/m!} and the y-axis indicates cytokine production
as percentage of conirol. The amino acid/nucleic acid sequences of the co-stimuatory
molecules are as indicated.

FiIGs. 7TA-7C depict that PD-L1 engagemeni of co-stimulatory molecules increases T
cell cytotoxicity and proliferation in-vifro. T cells expressing PD-1 constructs, as indicated,
and K562 cells were mixed and stimulated as in FIG. 6. FIGs. 7A and 7B depict the number
of remaining K562 cells (upper panel) and number of T cells (lower panel) evaluated by flow
cytometry, after 96 hours of stimulation with the indicated concentration of soluble anti-CD3
antibody in the presence of K562 cells expressing HLA-AZ2 (left panels) or HLA-AZ and PD-
L1 (right panels) FIG 7C depicts profiferation of T cells expressing the various PD1
constructs co~cultured with K362 cells expressing HLA-AZ (indicated by “X) or HLA-AZ
and PD-L1 (indicated by “*7) and 0.3 ug/ml of anti-CD3, as measured by shift in Cell Trace
violet dilution as indicated on x-axis. FIG. 7D is a graph depicting target cell (K562)

numbers remaining evaluated by flow evtometry, after 96 hours post stimulation with T cells
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expressing co-stimulatory molecules, in presence of increasing amounts anti-CD3 antibody
{ug/ml), as indicated. FIG. 7E is a graph depicting number of T cells evaluated by flow
cvtometry, after 96 hours post stimulation with T cells expressing co-stimulatory molecules,
in presence of increasing amounts anti-CD3 antibody (ug/ml), as indicated. The x-axis
indicates amount of CD3 antibody (ug/mi) and the y-axis indicates number of cells. The
amino acid/nucleic acid sequences of the co-stimulatory molecules are as indicated.

FIG. 8 depicts that engagement of co-stimulatory molecules increases T cell
proliferation in-vitro. T cells were stimulated for 96 hrs on plate-bound antibodies with 2

ok

g/mL anti-PD1 and the concentration of anti-CD3 [mg/mL] (indicated by “*”} or only anti-
CD3 (indicated by “X), as indicated on y-axis, and proliferation of T cells expressing the
various PD1 constructs as measured by shift in crystal violet tracing as indicated on x-axis.
The amino acid/nucleie acid sequences of the co-stimulatory molecules are as indicated.

FiGs. 9A-9C depict the effect of mutation of the polybasic and lysine residues on
expression or function of co-stimulatory molecules incorporating ICOS and 4-1BB signaling
domains. FIG. 9A is a series of flow cytometry plots depicting proliferation of T-cells
expressing either a wild type PD1 receptor (indicated by “*7) or the different PD1 based co-
stimulatory molecules (indicated by “X7), as indicated by labeling at top of each plot. T-cells
expressing endogenous PD-1 were used as control (line with no indication). FIG. 9B is a
graph depicting PD-1 expression {expressed as a fold increase from endogenous levels) from
the FACS plots in FIG. 9A. FIG. 9C are graphs depicting cytokine production (IL-2, left
panels; IFNy, middle panels; and TINF, right panels) (y-axis} by T cells expressing different
co-stimulatory molecules, as indicated, responding to K562 cells (top row) and K562-PDL1
expressing cells (middie row), when stimulated with the indicated concentration of anti-CD3
{x-axis). The difference between the level of cytokine production between T cells responding
to K562 cells and K562-PDL1 expressing cells, is depicted in the graphs in the bottom row.
FIG. 9D are graphs depicting profiferation of T cells 96hr post culturing with K562 cells (left
graph) or K562 cells expressing PD-L1 (middle graph), when stimulated with the indicated
concentration of anti-CD3 (x-axis). The amino acid/nucleic acid sequences of the co-
stimulatory molecules are as indicated.

FIGs. 10A-10D depicts the expression and function of co-stimulatory molecules
tncorporating ICOS and 0OX-40 signaling domains. FIG. 104 is a series of flow cytometry
plots depicting proliferation of T-cells expressing either a wild type PD1 receptor (indicated

by “*7) or the different PD1-switch receptors (P based costimulatory molecules)



193]

10

15

20

30

WO 2022/147525 PCT/US2022/011103

(indicated by “X), as indicated by labeling at top of each plot. T-cells expressing
endogenous PD-1 were used as control {no indication). FIG. 10B 1s a graph depicting PD-1
expression (fold of endogenous expression) from the FACS plots in FIG. 10A. FIG. 10C are
graphs depicting cytokine preduction (IL-2, left panels; IFNy, middle panels; and TNF, right
panels) (v-axis) by T cells expressing different co-stimulatory molecules, as indicated,
responding to K562 cells (top row} and K562-PDL1T expressing cells {middle row), when
stimulated with the indicated concentration of anti-CD3 (x-axis). The difference between the
fevel of cytokine production between T cells responding to K562 cells and K562-PDL1
expressing cells, is depicted in the graphs in the bottom row. FIG. 10D are graphs depicting T
Cell proliferation 90hr post culturing with K562 cells (left graph) or K562 cells expressing
PD-L1 (middle graph), when stimulated with the indicated concentration of anti-CD3 (x-
axis). The difference between T cell proliferation in the presence or absence of PD-L1 on the
target cells is depicted in the right-most graph. The amino acid/nucleic acid sequences of the
co-stimulatory molecules are as indicated.

FiGs. 11A-11B depict that engagement of co-stimulatory molecules increases T cell
conjugation with PD-L1 expressing cells. FIG. 11A depicts flow cytometry gating strategy of
a 30~-minute conjugation of CFSE-labelled T cells with CTV-labelled K502 targets. FIG. 11B
depicts quantification of results from two experiments shown in FIG. 11A and normalized to
control conjugations. The amino acid/nucleic acid sequences of the co-stimulatory molecules,
with and without a signaling peptide, are as indicated.

FiGs. 12A-12C depict increase in T cell profiferation and function upon engagement
of co-stimulatory molecules with PD-L 1 expressing cells. FIG. 12A are flow cytometry plots
depicting surface expression of PD-1 and TCR B chain, in T cells expressing either a wild
type HLA-AZ/NY-ESO-1 specific TCRs or mutant NY-ESO TCR as indicated, with (lower
middie and right plots} and without (upper middle and right plots}) a co-stimulatory molecule
construct comprising an [COS 4-1BB(truncated) signaling domain (PD-1_ICOS BBt), as
indicated, when co-cultured with K562 cells), 72hrs after lentiviral ransfection. F1G. 12B are
graphs depicting [L-2 {top graph) and IFNy (bottom graph) production T cells expressing
NY-ESO-1/PD1 based co-stimulatory molecule combinations, as indicated, when co-cultured
with A375-tumor cells that express HLA-AZ and antigen, at T cell: A375 cell ratio as
indicated in x-axis. FIG. 12C is a graph depicting dose dependent killing of A375 cells by T
cells expressing the indicated wild type NY-ESO TCR or mutant, high affinity (HA} NY-

ESO TCR, as indicated with/without a co-stimulatory molecules construct comprising an
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ICOS 4-1BB(truncated) sigoaling domain (PB-1 ICOS BB1), as indicated. The x-axis
depicts the dose (T cell: A375 cell ratio) and percentage of total input A37S cells surviving,
The amino acid/nucleic acid sequences of the co-stimulatory molecules, with and without a
signaling peptide, are as indicated.

FIGs. 13A-13B depict that mutations of 3™ generation tails increase surface
expression of C13-19 CAR receptors on transduced primary T cells. FIG. 13A depicts
histograms of CD-19F¢ binding to the untransduced T cells (marked by x) or T cells
transduced with the indicated constructs (marked by *}). FIG. 13B depicts MFI measurements
of histograms shown in FIG 13A normalized to FMC63scFV_BB 7 The amino
actd/nucieic acid sequences of the co-stimulatory molecules are as indicated.

FIGs. 14A-14C depict that modified 3™ generation tails increase cytokine production
and tumor killing. In-vitro killing of CD19-positive cells by CAR-transduced primary T cells
is shown. FIG. 14A depicts residual celi number of B cell line (Nalm® cells), after a 96-hr co-
culture with CAR-T cells expressiog CD28-based (left panel) and ICOS-based (right panel)
2" generation and 3™ generation receptors. FIG. 14B depicts residual cell number of B cell
fine (Raji cells), after a 96-hr co-culture with CAR-T cells expressing CD28-based (left
panel) and ICOS-based (right panel} 2" generation and 3™-generation receptors. The y-axis
depicts number of remaining CD19-positive cells corresponding to the ratio of T cefls to
CD19-positive cell indicated on x-axis. FIG. 14C depicts 1Bhe-IFNy production, as indicated
on the y-axis, by T cells expressing 2™ generation and 3™ generation, CD28-based receptors
{left panel) and ICOS-based receptors {right panel), in response to incubation with CD19-
positive B cells for 18 hours, at T cell: target cell ratig, as indicated on x-axis. The amino
acid/nucleic acid sequences of the co-stimulatory molecules are as indicated.

FIG. 13A-15E depict modified 3™ generation signaling domains increase CDT9-CAR
function in-vitro, compared to original 3™ generation signaling domains. FIG. 15A is a graph
depicting curnulative T cell numbers (indicative of T cell proliferation) (v-axis) of T-cells
expressing: a) CD28-based 2™ and 3™ generation receptors (left panel); and b) ICOS-based
2" and 3"-generation receptors (right panel), as indicated, over repeated stimulations with
Nalmé B cells, as indicated on x-axis. FIG. 158 is a graph depicting cumulative T cell
numbers (indicative of T cell proliferation) (y-axis) of T-cells expressing: a) CD28-based 24
and 3" generation receptors (left panel); and b) ICOS-based 2™ and 3™ generation receptors
{right panel), as indicated, over repeated stimulations with RAJI B cells, as indicated on x-

axis. FIG. 15C is a graph depicting cumulative target cell (Nalmo) numbers (indicative of
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target cell killing) (y-axis) of T-cells expressing: a)CD28-based 2™ and 3¢ generation
receptors (left panel); and b) ICOS-based 2% and 3' generation receptors (right panel), as
indicated, over repeated stimulations with Nalm6 B cels, as indicated on x-axis. FIG. 15D is
a graph depiciing cumulative target cell (Raji) numbers {indicative of target cell killing} (y-
axis) of T-cells expressing: a}CD28-based 2 and 3" generation receptors (left panel); and
b} ICOS-based 2 and 3™ generation receptors (right panel}, as indicated, over repeated
stimulations with Raji B cells, as indicated on x-axis. FIG. 15E is a series of flow cytometry
plots depicting Tim3 and PD-1 expression on CAR-T cells, as indicated, at time zero or after
5 consecutive stimulations, with RAJI B cell targets. The amino acid/mucleic acid sequences
of the co-stimulatory molecules are as indicated.

FIGs. 16A-16E depicts modified 3™-generation signaling domains increase BCMA-
CAR function in-vitro, compared to original 3-generation sequences. FIG. 16A depicts flow
cytometry histograms of BCMA-Fc binding to untransduced T cells {indicated by “X" ) or T
cells transduced with the wndicated BCMA CAR-T receptor compristng CD28-based and
1COS based- 2™ generation and 3™ generation co-stimulatory molecules (indicated by “*”),
as indicated. FIG. 16 B is a graph depicting BCMA-Fc¢ binding (MFI) (x-axis) by from the
transduced T cells of the FACS plots in FIG. 10A. FIG. 16C is a set of graphs depiciing
cumulative T cell nurabers (indicative of T cell profiferation) (y-axis) of T-cells expressing:
a)} CD28-based 2°¢ and 3™ generation receptors (left panel), and b) ICOS-based 2™ and 3%
generation receptors (right panel), as indicated, over repeated stimulations with RPMI-8226
multiple myeloma target cells, FIG. 16D is a graph depicting cumulative target cell (RPMI-
8226 cells) numbers (indicative of target cell killing} (y-axis) of T-cells expressing: a) CD28-

~ad

based 2™ and 3™ generation receptors (left panel); and b) ICOS-based 2°¢

and 3" generation

receptors (right panel), as indicated, over repeated stimulations with RPMI-8226 multiple
royeloma target cells, as indicated on x-axis. FIG. 16E is a set of graphs depicting cytokine
production (IL-2, left panel, TINF, middle panel and IFNy, right panel) {y-axis} with CAR-T
cells transduced with the indicated BCMA CAR constructs comprising CD28-based or ICOS-
based co-stimulatory molecules, as indicated, incubated at the indicated effector to target
ratio indicated on x-axis, for 18hrs. The amino acid/nucleic acid sequences of the co-

stimulatory molecules are as indicated.
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PETAILED DESCRIPTION

Provided herein are novel chimeric co-stimulatory intraceliular domains. The
chimeric co-stimulatory intracellular domains provided herein comprise: (@) a first signaling
domain that is based on the infracellular signaling domain of a CD2Z8 family protein; and (b)
at least a second signaling domain that comprises a mutant intracellular signaling domain of a
TNFR family protein.

The CD28 famuly proteins have a single extracellular immunoglobulin variable-like
{1gV) domain followed by a short cytoplasmic tail. Members of the CDD28 family proteins
include CD28, CD2Z8H, inducible costimulator JCO8), cytotoxic T lymphocyte-associated
antigen 4 (CTLA-4, CD152), program death-1 (PD-1), and B- and T-lymphocyte attenuator
{(BTLA). CD28, CD28H and ICOS are co-stimulatory proteins that are expressed on T cells
that promote activation, high levels of cytokine/chemokine expression, resistance to
apoptosis, and proliferation of T cells.

The Tumor Necrosis Factor Receptor (TNFR) family proteins includes TNFR1 (tumor
necrosis factor receptor 1/ TNFRSF1A}, TNFR2 (tumor necrosis factor receptor 2/

TNFRSF 1B), lymphotoxin § receptor / TNFRSF3, OX40 / TNFRSF4, CD40 / TNFRSFS,
Fas / TNFRSF6, decoy receptor 3/ TNFRSFoB, CD27 / TNFRSF7, CD30 / TNFRSFS, 4-
IBB / TNFRSF9, DR4 {(death receptor 4 / TNFRSF10A), DRS (death receptor §/
TNFRSF10B), decoy receptor 1 / TNFRSF10C, decoy receptor 2/ TNFRSF10D, RANK
{receptor activator of NF-kappa B / TNFRSF11A)}, OPG (osteoprotegerin / TNFRSF11B),
DR3 (death receptor 3 / TNFRSF25), TWEAK recepior / TNFRSF12A, TACL/
TNFRSF13B, BAFF-R {(BAFF receptor / TNFRSF13C), HVEM (herpes virus entry mediator
[/ TNFRSF14), nerve growth factor receptor / TNFRSF16, BCMA (B cell maturation antigen /
TNFRSF17, GITR (glucocorticoid-induced TNF receptor / TNFRSF1R), TAJ (toxicity and
INK inducer / TNFRSF19), RELT / TNFRSF19L, DR6 (death receptor 6 / TNFRSF21),
TNFRSF22, TNFRSF23, ectodysplasin A2 isoform receptor / TNFRS27 and ectodysplasin 1-
anhidrotic receptor. Interactions between tumor necrosis factor superfamily {TNFSF) ligands
and TNF receptor superfamily (TNFRSF} receptors provide the co-stimulatory signals that
control the survival, proliferation, differentiation, and effector function of immune cells.
Depending upon the specific intracellolar signal induced by TNFRSF members, they can be
categorized into three groups — death domain (DD)-containing receptors, decoy receptors,
and TNF receptor-associated factor {TRAF)-binding receptors. Some TNFRSFs such as
TNFR-1, Fas, DR3, DR4, DRS, and DR6, contain their own DDs and/or interact with other
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cytoplasmic DD-containing adaptor molecules. Some other TNFRSFs, such as TNFR-2,
CD27, CD30, CD4O, glucocorticord-induced TNFR family-related gene (GITR), Fnl,
fymphotoxin beta-receptor (LTBR), OX40, receptor activator of NF-«B (RANK), and
XEDAR, lack a DD and contain motifs with four to six amino acids called TRAF-interacting
motifs (TIMs) which recruits TRAF proteins. TRAF proteins are adapior molecules that
activate multiple downstream signaling pathways such as NF-«B, Janus kinase (JNK), ERK,
p38MAPK, and PI3K that help in cell survival, proliferation, and cytokine production. In
some embodiments, the first signaling domain that is based on the intraceliufar signaling
domain of a CD28 family protein is selected from a CD28 protein, ICOS proteinor a
combination thereof. In some embodiments, the at least second signaling domain is based ou
a mutant of the intracellular signaling domain of a TNFR family protein is selected from
CD137 (4-1BB) and CD134 (0X-40).

Provided herein are novel chimeric co-stimulatory intracellufar domains based on the
third~generation co-stiraulatory domaiuns of the present application. Reduced surface
expression is a major hindrance in the development of chimeric co-stimulatory proteins for
therapeutic purposes. The present disclosure provides novel chimeric co-stimulatory
intracetiular domains generated through mutations in the third-generation co-stimulatory
domains of the present application that are both highly expressed and highly functional
compared to the current second-generation and third-generation chimeric receptors that are
etfective in inducing costimulation. The chimeric co-stimulatory intracetlular domains
provided herein comprise: {a} a first signaling domain that is based on the intraceliular
signaling domain of a CD28 protein, ICOS protein or a combination thereof, and (b) at leasta
second signaling domain that 1s a mutant CD137 (4-1BB) intracellular domain or a mutant
CD134 (OX-40) intracellular domain. In some embodiments, the mutant CD137 {(4-18BB)
intracelular domain or the mutant CD134 (0X-40) intracellular domain comprises a deletion,
an insertion or a substitution of one or more amine acids in the membrane proximal portion
of the CD137 or CI3134 intracellular domain. In some embodiments, the one or more amino
acids in the membrane proximal portion are ublquitination sites invelved in the ubiquitination
and degradation of the CD137 or CP134 protein. In some embodiments, the mutant CD137
{4-1BB) intracellular domain or a mutant C1134 (0X-40) intracellular domain comprises
substitution or deletion of one or more lysine residues in the membrane proximal portion of
the CD137 or CD134 intracellular domain. In some embodiments, the lysine residues are
ubiquitination sites involved in the ubiquitination and degradation of the CD137 or CD134

protein. In some embodiments, the chimeric co~sttmulatory intracellular domains provided
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herein further comprise a third sigoaling domain. o some embodiments, the third signaling
domain can be based on a CD3 ( signaling domain.

In some embodiments, the novel co-stimulatory intracellular domain of the present
application can be combined or fused in frame with the extracellular domain of any known
co-stimulatory protein, a cell intrinsic immumne checkpoint inhibitor, a chimeric antigen
receptor, an antibody or a portion thereof, aligand or a receptor thereof, a cytokine or a
receptor thereof, a chemokine or a receptor thereof or a complement receptor, to form a
functional recombinant T cell co-stimulatory receptor (RTCR). In some embodiments, the
RTCR can be expressed in a cell in combination with another T cell receptor {TCR}, chimeric
antigen receptor or co-stimulatory protein. A RTCR comprising the novel co-stimulatory
intracellular domain disclosed herein, when co-expressed witha TCR ina T cell,
significantly increases the cell surface expression of the RTCR, and/or cell proliferation,
activation, persistence, cytoking production and/or effector function of the T cell, as
compared to a second-generation co-stimulatory receptor.

A highly efficacious adoptive cell therapeutic targeting a shared and safe tumor
asscciated antigen and comprising a cell-intrinsic inhibitor of T cell exhaustion able to
withstand the suppressive tumor microenvironment is described in the present application. An
exemplary chimeric molecule expressing the extracellular domain of PD-1 and a functionally
optimized chimeric intraceliular co-stimulatory domain are disclosed herein. Modified T cells
expressing the chimeric molecule of the present disclosure are generated to show the efficacy
of the chimeric molecule in enhancing T cell stimulation, activation and proliferation. Both
molecules are expressed on the same T cell, ereating a TCR-T product that responds robusily
to tumor celis expressing both the cognate MHC/peptide complex and high levels of PD-
L1/PDB-L2.

For exemplification, a cell-intrinsic inhibitor of T cell exhaustion is developed by co-
expression of third generation chimeric PD-1 receptors combined with T cell receptors
targeting tumor associated or specific antigens to enhance the efficacy of T cell mediated
killing of tumor cells. The 3' generation chimeric receptors disclosed herein can be used in
combination with any endogenous or modified T cell receptors as well as with chimeric
artificial receptors (CARs). The resulis herein show that the 3"-generation co-stimulatory
molecules disclosed herein produces T cells with high physiological avidity and persisteat
profiferative potential, while negating negative signaling by PD-1, delivering 1nstead co-

stimulatory signals in a PD-L1 rich environment. The novel co-stimulatory molecule can be
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co-expressed with a tumor associated antigen {TAA) specific TCR and used to target PD-
Li/PD-L2 and the TAA expressing tumors. This demonstrates that the synergistic effect
between the TCR activation and co-stimulatory molecule significantly increases the
therapeutic window and generate a potentially more effective candidate for clinical
investigation. In the disclosure described below, the design of the third-generation chimeric
proteins is systematically optimized, to further validate in vitro the improved anti-cancer
effectiveness, and to investigate the in vivo anti-tumor efficacy.

Co-stimulatory molecules incorporating the extracellular domains of PD-~1 with the
intracetiular domains of CD28, ICOS, CD134, and CD137 alone and in various combinations
are generated. These sequences are optimized for surface expression and functionality by
incorporating key mutations/deletions within the signaling domain of the chimertc receptors,
focusing on the junction between CD28 and TNF-receptor family signaling domains. The
functionality of these receptors is tested based on surface expression, in-vifro signaling, #-
vitro T cell conjugation, eytokine production, proliferation, and cytotoxicity using a
combination of soluble and plate-bound antibody stimulations and K502 target cells
expressing PD-L1 or A375 tumor cells,

The disclosure herein provides an approach in which the TCR-T product co-expresses
a chimeric co-stimulatory molecule alongside a recombinant TAA-specific TCR or an
endogenous TCR. This approach allows for the targeting of the tumor associated antigen with
sirnuitaneous antagonization of checkpoint inhibition and delivery of co-stimulatory signals
to the transfused T cell product. This approach not only results in a much-improved product,
but also help to develop a universal function-boosting platform for additional TCR-T
products.

The key technical chalienge hindering the clinical adoption of 3™-generation CARs
combining the two domains has been the abnormally low expression of chimeric proteins at
the cell surface and associated diminished functionality (Zhao, 2015, Guedan, 2018). This has
held true tn co-stimulatory molecules where the combination of the CD28 and CD137
signaling domains resulted in a poorly expressed and non-functional receptor (Ankri, 2013}
Disclosed herein is a switch receptor/co-stimulatory molecule based on the ICOS/CD137
signaling domain and optimized for surface expression that is a significant improvement over
past trials using the CD28 signaling domain alone, mediating both increased effector function
and persistence of adoptively transferred celis. Results described herein show that the 3%-
generation co-stimulatory molecule disclosed herein produces T cells with high physiological

avidity and persistent proliferation potential, while negating negative signaling by PD-1,
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delivering instead a co-stimulatory signal in a PD-L1 rich environment. The novel switch
receptor/eo-stimulatory molecule disclosed herein can be co-expressed with an endogenous
TCR or a TAA specific TCR and used to target PD-L1/PD-L.2 expressing tumors. This
demonstrates that the synergistic effect between the TCR activation and co-stimulatory
molecule significantly increases the therapeutic window for a potentially more effective
candidate for clinical investigation.

Tumor associated antigens and tumor specific antigens allow for the immunological
targeting of the tumor with relatively minimal risk of off“tumor, on-target side effects. Tumor
cells can upregulate these antigens which can then be targeted by the human immune
response or ACT. The disclosure herein combines a co-stimulatory molecule based on 3%-
generation CARs that exhibits superior functionality to CD28-based receptors with a new
affinity enhanced TCR targeting TAAs to generate a TCR-T product that resists the
suppressive function of the TME.

The present disclosure provides a recorubinant T cell co-stimulatory receptor (RTCR),
comprising: {a) an extracellular domain; (b} a transmembrane domain; and (¢) 2 chimeric
tntracellular domain comprising a fivst and at least a second signal transduction domains,
wherein the first and the at least second signal transduction domains are non-identical, and
wherein the at least second signal transduction domain comprises a mutant intracellular
signaling domain of a tumor necrosis factor receptor (TNFR) family protein.

In some embodiments, the mutant intracellular signaling domain of a TNFR family
proteun is any one of a mutant C137 (4-1BB) intraceilular domain or a mutant CB134 (OX-
40} intracetiular domain.

The present disclosure provides a recombinant T cell co-stimulatory receptor (RTCR),
comprising: {a} an extracellular domain; (b} a transmembrane domain; and {¢) a chimeric
intracellular domain comprising a first and at least a second sigoal transduction domains,
wherein the first and the at least second signal transduction domains are non-tdentical; and
wherein the at least second signal transduction domain comprises a mutant CD137 (4-1BB)
intracellular domain or a mutant CD134 (0X-40) intracellular domain.

Unless indicated otherwise, the terms “co-stimulatory molecule”, “costimulatory
molecule”, “co stimulatory molecule”, “co-stimulatory protein”, “costimulatory protein”, “co
stimulatory protein”, “co-stimulatory receptor”, “costimulatory receptor” “co stimulatory
receptor” and “switch receptor” are used interchangeably, to refer to the recombinant T cell
co-stimulatory receptors (RTCRs) comprising the novel chimeric co-stimulatory intraceliular

domains of the present application. These terms ray be used v combination with terms such
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as “recombinant T cell”, “recombinant”, “chimeric T cell”, and “chimeric”, to refer to the
RTCRs of the present application.

As described herein, “a recombinant T cell co-stimulatory receptor” or “switch
receptor” of the present disclosure is a “costimulatory molecule” “co-stimulatory receptor” or
“co-stirnuiatory protein” generated by operably linking an extracellular domain to an
intracellular chimeric intracellular protein of the present disclosure.

“CD137” ag described herein is a member of the tumor necrosis factor {TNF) receptor
family, and also referred to as 4-1B8B, CD137, tumor necrosis factor receptor superfamily
member 9 (TNFRSFO) and induced by lymphocyie activation (LA} As described herein, the
terms “CD1377, “4-1BR”, “4-1BB wi”, “4-1BB wild type”, “BB”, “BB wi” and “BB wild
type” are used interchangeably throughout, for example, when describing constructs or co-
stimulatory molecules of the present application, unless otherwise indicated.

In some embodiments, the CID137 intraceliular domain can be from a mammalian
CD137. In some embodiments, the mammahian CD137 can be a human CD137, a mouse
CD137, arat CD137 or a monkey CD137. In some embodiments, the CD137 intracellular
domain can be from a human CI137, or an isoform or a variant thereof, comprising an amino
acid sequence identical to any one of the human CI}37 amino acid sequence according to
GenBank Accession Nos: U03397, AAA62478, NP 001552, G07011, AAHO06196 and
XP 006710081, In some embodiments, the CD 137 intracetiular domain can be from a mouse
CDI37, or an 1soform or a variant thereot, comprising an amino acid sequence wdentical to
any one of the mouse CD137 amino acid sequence according to GenBank Accession Nos:
NP_001070977.1, NP_001070976.1, NP_035742.1, NP_033430.1, P20334.1,

XP (112485301, XP_011248530.1, ABI30213.1, BAE32724.1 and AAH28507.1. In some
embodiments, the CD137 intracellular domain can be from arat CD137, or an isoform or a
variant thereof, comprising an amino acid sequence identical to any one of the rat CD137
amino acid sequence according to GenBank Accession Nos: NP_852049.1,
NP 001020944 .1, BAD99404.1, XP_008762504.1, XP _006239534.1, EDL81196.1,
AAHOS7483.1, EHB16663.1, EHB16663.1, KFO38282. 1, XP 010618177.1,

XP 029414155.1, XP_029414154.1, XP_021099219.1 and XP_012888584.1. In some
embodiments, the CD137 intracellular domain can be from a monkey CD137, or an isoform
or a variant thereof, comprising an amino acid sequence identical to any one of the monkey
CD137 amino acid sequence according to GenBank Accession Nos: ABY47575.1,

ABI30212.1, ABY47577.1, ABY47576.1 and ABY47578.1.
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In some embodiments, the 137 intracellular domain, as described herein,
comprises an amino acid sequence starting from the amino acid position 214 to the last amino
acid at the C-terminal end of the amino acid sequence of the human CI137 protein, described
herein. In some embodiments, the CD137 intraceliular domain, as described herein,
comprises an amino acid sequence starting from the amino acid position 215 to the last amino
acid at the C-terminal end of the amino acid sequence of the mouse CI3137 protein, described
herein.

In some embodiments, the mutant CD137 intracellular domain described herein is
from any one of the CD137 proteins as described herein, comprising one or more mutation(s),
wherein the mutation can be addition/insertion, deletion/truncation or
substitution/replacement of one or more amino acids within the amino acid sequence of the
CD137 protein. In some embodiments, the mutant CD137 intracellular domain described
herein is any one of the CD137 intracellular domain sequences, as described herein,
comprising one ot more mutation(s), wherein the mutation can be addition/insertion,
deletion/truncation or substitution/replacement of one or more amino acids within the amino
acid sequence of the CI» 137 intracellular domain. In some embodiments, the mutant CD137
intracellular domain described herein is a CD137 intracellular domain as described herein,
comprising a deletion or substitution of one or more amino acids within the amino acid
sequence of the CD137 intracetlular domain that can be targets for ubiquitination. In some
embodiments, the mutant CD137 intraceliular domain described herein 1s a CD137 protein as
described herein, comprising a deletion or substitution, of ong or more lysine residues within
the amino acid sequence of the CD137 intracellular domain that can be targets for
ubiguitination. In some embodiments, the routant CD137 intracellular domain described
herein is a CD 137 protein as described herein, comprising a deletion or substitution, of one,
two, three or four lysine residues within the amino acid sequence of the CD137 intracellular
domain that can be targets for ubiguitination. In some embodiments, the lysine residues
within the amino acid sequence of the CB137 intracellular domain described herein, that can
be deleted or substituted are at amino acid positions 214, 218, 219 and/or 225 of the CD137
intraceliular domain.

In some embodiments, the mutant CD137 intracellular domain can be a truncated
CD137 intracellular domain. A truncated CD137 intracellular domain as described herein can
be any one of the CD137 proteins described herein, in which a continuous stretch of more
than one, two, three, four, five, six, seven, eight, nine, fen, eleven, twelve, thirteen, fourteen,

fifteen, twenty, twenty-five, fifty, hundred, two bundred or more amino acids are deleted
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from the N-terminus the CID137 protein as described berein. A truncated CD137 intracellular
domain as described herein can be any one of the CD137 intracellular domain sequences
described herein, in which a continuous stretch of more than one, two, three, four, five, six,
seven, eight, nine, ten or more aminc acids are deleted from the N-terminus the CD 37
intraceliular domain as described herein. In some embodiments, the amino acids deleted from
the N-terminus the CD137 intraceliular domain includes one or more proximal polybasic
amino acids of the CD137 intracellular domain.

In some embodiments, the mutant CD137 intracellular domain can be a truncated
CD137 intracelluiar domain. In some embodiments, the truncated CD137 intracetlular
domain comprises an amino acid sequence according to amino acid position 13 to amino acid
position 42 of the CD137 intraceliular domain, of the present disclosure. In some
embodiments, the truncated CD137 intracellular domain comprises a deletion of a continuous
stretch of one, two, three, four, five, six, seven, eight, nine, ten or more amino acids from the
N-terminus of the CD137 1otracetlolar domain, of the present disclosure. To some
embodiments, the truncated CI137 intracellular domain comprises a deletion of one, two,
three, four, five, six, seven, eight, nine, ten or more amino acids from amino acid position |
to amino acid position 12 of the N-terminus of the CD137 intracellular domain, of the present
disclosure. In some embodiments, the truncated CD137 intracellular domain comprises a
deletion of amino acid position 1 to amino acid position 12 of the N-terminus of the CID137
intracellular domain, of the present disclosure. In some embodiments, the CD137 intracellular
domain comprises an amino acid sequence according to SEQ ID NG 1.

In some embodiments, the truncated CD137 intracellular domain comprises an amino
acid sequence according to SEQ ID NG 3. In some embodiments, the truncated CD137
intracetiular domain comprises an amino acid sequence having at least 50%, 55%, 60%, 65%,
T0%, 75%, B0%, §3%, 90%, 95%, 97% or 99% identity to SEQ D NOG: 3.

A truncated CD137 intracellular domain as described herein, is referred to as
“truncated CDI377, “CIDM3T7, “truncated 4-1BB”, “4-1BB1”, “truncated BB” or “BBt”
interchangeably throughout, for example, when describing constructs or co-stintulatory
molecules of the present application, unless otherwise indicated. In some embodiments, the
mutant CD137 intracellufar domain comprises a deletion of one, two, three or four lysine
residue(s) from amino acid position 1 to amino acid position 12 of the N-terminus of the
CD137 intracellular domain, of the present disclosure. In some embodiments, the mutant
CID137 intracellular domain comprises one or more lysine mutation(s} from amino acid

position 1 to amino acid position 12 of the N-terminus of the CI 37 intracellular domain, of
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the present disclosure. To sore emvbodiments, the mutant CB137 intracellular domain
comprises one or more fysine mutation{s) at amino acid positions selected from amino acid
positions 1, 5, 6 and 12 of the N-terminus of the CI3137 intracellular domain, of the present
disclosure. In some embodiments, the one or more lysine mutation(s) are Iysine to alanine
mutations. In some embodiments, the CB137 intracellular domain comprises an amino acid
sequence according to SEQ 1D NO- 1

In some embodiments, the mutant CD137 intraceliular domain comprises a deletion
of one or more proximal basic amino acids from amino acid position 1 to amino acid position
12 of the N-terminus of the CD 137 intracellular domain, of the present disclosure. In some
embodiments, the mutant CI3137 intraceliular domain comprises one or more proximal basic
amino acid mutation{s) from amino acid position 1 to amino acid position 12 of the N-
terminus of the CD 137 intraceliular domain, of the present disclosure. In some embodiments,
the mutant CD137 intracellular domain comprises one or more proximal basic amino acid
mutation(s) at amino acid positions selected frow amine acid positions 1, 2, 3, 4, S and 6 of
the N-terminus of the CD137 intracellular domain, of the present disclosure. In some
embodiments, the wmutant CD137 intraceliular domain comprising one or more proximal basic
amino acid mutation{s), of the present disclosure, further comprises a lysine mutation at
amino acid position 12 of the N-terminus of the CD137 intracellular domain, of the present
disclosure. In some embodiments, the lysine mutation is a lysine to alanine mutation. In some
embodiments, the CD 137 intracellular domain comprises an amino actd sequence according
to SEQ I NGO 1

“CD134” as described herein is a member of the tumor necrosis factor (TNF) receptor
family, and also referred to as OX-40, ACT35, IMD 16, TXGPIL and tumor necrosis factor
receptor superfamily member 4 (TNFRSF4). As described herein, the terms “CD134” | “OX-
407, “OX407, “OX-40 wild type”, “OX-40 wi”, “0X40 wild type”, “OX40 wt”, “407, “40
wild type” and “40wt” are used interchangeably throughout, for example, when describing
constructs or co-stimulatory molecules of the present application, unless otherwise indicated.

In some embodiments, the CD134 intracellular domain can be from a mammalian
CI3134. In some embodiments, the mammalian CD134 can be a human CI 134, a mouse
CD134, a rat CD134 or a monkey CD134. In some embodiments, the D134 intracellular
domain can be from a human CD134, or an isoform or a variant thereof, comprising an amino
acid sequence identical to any one of the human CD134 amino acid sequence according to
GenBank Accession Nos: NP_003318, AAIO5071, AAIO5073, XP 016857721 1,
XP 0168577201, XP_011540377.1, XP_011540379.1, XP_011540378.1, XP_011540376.1,
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P43489.1, NP 0012844911, NP 0033171, EAWS6278 1 and CAB96543.1. Tn some
embodiments, the CD 134 intracellular domain can be from a mouse CD134, or an isoform or
a variant thereof, comprising an amino acid sequence identical to any one of the mouse
CD134 amino acid sequence according to GenBank Accession Nos: NP 035789 1,
AAIZ9267 1, AAIIO240.1, NP 0334781, XP 0065387873, P47741.1, EBL 15067 1,
CAATS7T2.1, CAAS9476.1, XP 0210171022, and XP 021056714 1. In some embodiments,
the CD134 intracellular domain can be from a rat CD134, or an isoform or a variant thereof]
comprising an amino acid sequence identical to any one of the rat C1134 amino acid
sequence according to GenBank Accession Nos: NP 035789.1 NP 0371811, P15725.1,
EDL81353.1, CAB96543 1, and CAA34897.1. In some embodiments, the CD134
intracellular domain can be from a monkey CD134, or an isoform or a variant thereof,
comprising an amino acid sequence identical to any one of the monkey CD134 amino acid
sequence according to GenBank Accession Nos: XP 010373483.1, XP 001090870.1,

XP 0215231441, XP 0177507441, XP_ 0039397141, XP 0263132291, XP (26313228 1,
XP 0038900982, XP 025242473 1, XP 0117680627 1, XP 0055451791, XP 011886513.1,
XP 0118865121, XP_011857387.1 and XP_011811769.1.

In some embodiments, the CD134 intracellular domain, as described herein,
comprises an amino acid sequence starting from amino acid position 241 to the last amino
acid at the C-terminal end of the amino acid sequence of any one of the human CD134
protein, described herein. In some embodiments, the CD134 wntracellular domain, as
described herein, comprises an amino acid sequence starting from the amino acid position
236 to the last amino acid at the C-terminal of the amino acid sequence of the mouse CD134
protein, described herein.

In some embodiments, the mutant CD134 intracellular domain described herein is
from any one of the CI3134 proteins as described herein, comprising one or more mutation(s),
wherein the mutation can be addition/insertion, deletion/truncation or
substitution/replacement of one or more amino acids within the amino acd sequence of the
134 protein. In some embodiments, the mutant CD134 intraceliular domain described
herein, is any one of the CD134 mntracellular domain sequences as deseribed herein,
comprising ong or more mufation{s}, wherein the mutation can be addition/insertion,
deletion/truncation or substitution/replacement of one or more amino acids within the amino
acid sequence of the CD134 intraceliular domain. In some embodiments, the mutant CD134
intracellular domain described herein is a CD 134 intracellular domain as described herein,

comprising a deletion or substitution of one or more amino acids within the amino acid
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sequence of the €134 intracetlular domain that can be targets for ubiguitination. In some
embodiments, the mutant CD134 intraceliular domain described herein 13 a CD134 protein as
described herein, comprising a deletion or substitution, of one or more lysine residues within
the amino acid sequence of the C134 intracellular domain that can be targets for
ubiquitination. In some embodiments, the routant CD134 intracellular domain described
herein is a CD134 protein as described herein, comprising a deletion or substitution, of one ar
two lysine residues within the amino acid sequence of the CD134 intracellular domain that
can be targets for ubiquitination. In some embodiments, the lysine residues within the amino
acid sequence of the CD134 intracellular domain described herein, that can be deleted or
substituted are at amino acid positions 252 and/or 276 of the CI3134 intracellular domain.

In some embodiments, the mutant CD134 intracellular domain can be a truncated
CD134 intracellular domain. A truncated CD134 intracellular domain as described herein can
be any one of the CD134 proteins described herein, in which a continuous stretch of more
than one, two, three, four, five, sux, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen,
fifteen, twenty, twenty-five, fifty, hundred, two hundred or more amino acids are deleted
from the N-terminus the CD137 protein ag described herein. A truncated CD134 intraceliular
domain as described herein can be any one of the U134 intracelular domain sequences
described herein, in which a continuous stretch of more than one, two, three, four, five, six,
seven, eight, nine, ten, eleven, twelve, thirteen or more amino acids are deleted from the N-
terminus the CD134 intracellular domain as described herein. In some embodiments, the
anino acids deleted from the N-terminus the CD134 intracellular domain includes one or
more proximal polybasic amino acids of the CD134 intracellular domain,

In some embodiments, the truncated CI3134 wntracellular domain comprises an amino
acid sequence according to amine acid position 15 to amine acid position 37 of a CD134
intracellular domain, of the present disclosure. In some embodiments, the truncated CI3134
intraceliular domain comprises a deletion of a continuous stretch of one, two, three, four,
five, six, seven, eight, ning, ten, eleven, twelve, thirteen or more amino acids from the N-
terminus of the CD134 intracellular domain, of the present disclosure. In some embodiments,
the truncated CD134 intracellular domain comprises a deletion of one, two, three, four, five,
six, seven, eight, nine, ten, eleven, twelve, thirteen or more amino acids from amino acid
position 1 to amino acid position 14 of the N-terminus of the CD134 intracellular domain, of
the present disclosure. In some embodiments, the truncated CD137 intraceliular domain

comprises a deletion of amino acid position 1 to amino acid posttion 14 of the N-terminus of
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the CD134 intracellular domain, of the present disclosure. In some embodiments, the CD134
intracelinlar domain comprises an amino acid sequence according to SEQ 1D NO: 4.

I some embodiments, the mutant CP134 intracellular domain comprises an amino
acid sequence according to SEQ ID NO: 6. In some embodiments, the mutant CD134
intracetlular domain comprises an amino acid sequence having at least 50%, 55%, 60%, 65%

T0%, T5%, 80%, 85%, 90%, 95%, 97% or 99% identity to SEQ ID NO: 6

>

A truncated CD134 intracellular domain as described herein, is referred to as
“truncated CD1347 |, “CD134t", “truncated OX-40", “truncated OX40”, “OX-40t”, “OX40t”
and “40t” are used interchangeably throughout, for example, when describing constructs or
co-stimulatory molecules of the present application, unless otherwise indicated.

In some embodiments, the mutant CD34 intracellular domain comprises a deletion of
a lysine residue from amine acid position 1 to amino acid position 14 of the N-terminus of
the CD134 intracellular domain, of the present disclosure. In some embodiments, the mutant
CD 134 intracellular domain comprises a lysine mutation at amino acid position 12 of the N-
terminus of the CD134 intracellular domain, of the present disclosure. In some embodiments,
the lysine mutation is a lysine to alanine mutation. In some embodiments, the CI3134
intracellular domain comprises an amino acid sequence according to SEQ ID NO: 4

In some embodiments, the mutant CD134 intracellular domain comprises a deletion of
one or more proximal basic amine acids from amino acid position 1 to amino acid position 14
of the N-termoinus of the CD 134 intracellular domain, of the present disclosure. In some
embodiments, the mutant CD134 intracetiular domain comprises one or more proximal basic
amino acid mutation(s) from amino acid position | to amino acid position 14 of the N-
terminus of the CD134 intraceliular domain, of the present disclosure. In some embodiments,
the mutant CD134 intracetlular domain comprises one or more proximal basic amino acid
mutation(s} at arnino acid positions selected from amino acid positions 1, 2, and 5 of the N-
terminus of the CD 134 intraceliular domain, of the present disclosure. In some embodiments,
the mutant CB137 intracellular domain further comprises a lysine mutation at amino acid
position 12 of the N-terminus of the CD137 intracellular domain, of the present disclosure. In
some embodiments, the CD134 intracellular domain comprises an amino acid sequence

according to SEQ D NO: 4.
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Table 1. Amino acid sequences of second signal transduction domains of RTCR (CD137/4-

iBB and CD134/0X-40 intraceliular signaling domain).

Human CD137/4-1BB
(SEQ ID NO: 1)

KRGRKKLLYIFKQPFMRPVOQTTOQEEDGCSCRFPEEEEGGCE
L

Mouse CD137/4-188B
(SEQ ID NGO 2)

REKFPHIFKQPFERKTTGAAQEEDACSCRCPQEEREGGGGGY
EL

truncated/mutated
CDI137/4-1BB (SEG 1D
NO: 3)

QPFMREVOTTQEEDGCSCRFPEEEEGGCEL

Human CD134/0X-40
(SEQ IDNO: 4)

RROQRUPPDAHKPPGGGSFRTRICEECADAHSTLAKI

Mouse CD134
(SEQ ID NG: 5)

REKAWRLPNTEKPCWGONSFRTPIQEEHTDAHFTLAKI

truncated/mutated
CD134/0X-40 (SEQ 1D
NG: 6)

GOGSFRTPIQEEQADAHSTLA

Human CD27
SEQIBNGT)

ORREYRSNKGESPVEPAEPCHY SCPREEEGSTIPIQEDYRKP
HPACSP

Human GITR
(SEQID NGO 8)

QLGLHIWQLRSQUMWPRETQLLLEVPPSTEDARSCQOFPEE
ERGERSAEEKGRLGDLWY

Membrane-proximal poly-basic regions are italicized. Potential PI3K binding sites are bold and
underiimed. TRAF1/2 binding rootifs, major motif Px{Q/E)E and minor motifs Px(Q/H)x, are
highlighted in underlined. Potential ubiquitination sites are 1n bold.

In some embodiments, the chimeric intracellular domain comprises a first signal

transduction domain derived from a protein of the CD28 family. In some embodiments, the

first signal transduction domain derived from any one of CD28, CD28H, ICOS ora

combination thereof.

In some embodiments, the chimeric intracellular domain comprises a first signal

transduction domain derived from ICOS protein.

The “ICOS protein” as described herein s an inducible T cell co-stimulatory protein

2

also referred to as AILIM, CD278, CCLP, CRP-1, H4, Ly115 and CVID1. In some

embodiments, the ICOS intracellular domain can be from a mammalian ICOS. In some

embodiments, the mammalian ICOS can be a human ICOS, a2 mouse ICOS, arat ICOS ora

monkey ICOS. In some embodiments, the ICOS intracellular domain can be from 3 human
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ICOS, or an isoform or a variant thereof, comprising an amino acid sequence identical to any
one of the human ICOS amino acid sequence according to GenBank Accession Nos:
AAH28006.1, NP 036224.1, AIC51287.1, AICe0036.1, NP _036224.1, QOY6WE 1,
EAWT0357.1, EAWT0350.1, EAWT0355 1, AAL40934.1, AAL40933.1, CACO6012.1,
AAXS3073. 1, AAMOOS09.1, AAH28210.1 and CADS59742.1. In some embodiments, the
ICOS intracellular domain can be from a mouse ICOS, or an isoform or a variant thereof,
comprising an amino acid sequence identical to any one of the mouse ICOS amino acid
sequence according to GenBank Accession Nos: NP_059508.2, QOWVS0.2, EDLOO16LT,
CAMI3242 1, CAMI3241.1, CAB71153. 1, AAG48732 1, AAH34852 1 XP 006496203 1,
XP_ 0064962021, XP_006496201.1, ACX50464.1, ACX50463.1, AAH28006.1,

XP 021052880.1, XP 029334968.1 and XP 0210302821, In some embodiments, the ICOS
intracellular domain can be from a rat ICOS, or an isoform or a variant thereof, comprising an
amino acid sequence identical to any one of the rat {COS amino acid sequence according to
GenBank Accession Nos: NP 0721321, Q9RIT7.1, XP (0B765358.1, XP 006245100.1,
XP 0062450991, EDL98922.1, EDLO8S21 1, XP (38940099.1, XP 032755449 1,

XP 0174573641, XP_006256324.1, XP_006256323.1, XP_006256322.1, XP_029425757.1,
XP 0294257571, XP_021119236.1, XP 012929934 1, XP _012867370.1 and

XP 012867363 1. In some embodiments, the ICOS intracellular domain can be from a
monkey ICOS, or an isoform or a variant thereof, comprising an amino acid seguence
identical to any one of the monkey ICOS amino acid sequence according to GenBank
Accession Nos: XP_007964137.1, NP_001253918.1, XP_010350939.1, XP (123017851,
XP 012301784.1, XP_017739861.1, XP_010334714.1, XP_003925677.1, AFH29328 1,

XP 008997520.1, XP_023075107.1, XP_023075099.1, XP 021779593.1, XP 0039078871,
XP 025260088.1, XP_ 025260987 1, XP_ 0252600861, XP 0117162871, XP 0117162851,
XP_005574075.1, XP_011903009.1, XP_011805288.1, XP_011805287.1, XP_011847867.1,
XP 0118478661, XP 0173923621, XP 0330864891, XP 0321344141, XP 0321344131,
and XP_017802331.1.

In some embodiments, the human ICOS intracellular domain as described herein,
comprises an amino actd sequence from amine acid position 133 to the last amino acid at the
C-terminus of the amino acid sequence of the human 1COS protein, described herein. In some
embodiments, the human ICOS intracellular domain as described herein, comprises an amino
acid sequence from an aming acid position at one, two, three, four, five, six, seven, eight,
pifte, ten or more amino acids N-terminus to the amino acid position 133, to the last amino

acid at the C-terminus of the amino acid sequence of the human ICOS protein, described
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herein. In some embodiments, the human [COSR intracellular domain as described herein,
comprises an amino acid sequence from amino acid position 133 to an amino acid position at
one, two, three, four, five, six, seven, eight, nine, ten or more amino acids N-terminus to the
last amino acid at the C-terminus of the aminc acid sequence of the human ICOS protein,
described herein. In some embodiments, the human ICOS intracellular domain as described
herein, comprises an amino acid sequence from an amino acid position at one, two, three,
four, five, six, seven, eight, nine, ten or more amino acids N-terminus to the amino acid
position 133, to an amino acid position at one, two, three, four, five, six, seven, eight, nine,
ten or more amino acids N-terminus to the last amino acid at the C-terminus of the amino
actd sequence of the human ICOS protein, described herein.

In some embodiments, the human [COS(28) intraceliular domain as described herein,
comprises a portion of the ICOS domain amino acid sequence from amino acid position 133
to amino acid position 183, and a portion of the ICOS domain amino acid sequence from
amino acid position 184 to the last amino acid at the C-terminus of the amino acid sequence
of the human ICOS protein, described herein. In some embodiments, the human ICOS(28)
tntracellular domain as described herein, comprises a portion of the ICOS domain amino acid
sequence from an amino acid position at one, two, three, four, five, six, seven, cighi, nine, ten
or more amino acids N-terminus to the amino acid position 133, to amine acid position 183
of the human ICOS protein, described herein. In some embodiments, the human 1COS(28)
intracellular domain as described herein, comprises a portion of the ICOS domain amino acid
sequence from amino acid position 133, to an amino acid position at one, two, three, four,
five, six, seven, eight, nine, ten or more amino acids C-terminus to the amino acid position
183 of the human ICOS protein, desciibed herein. Tn some embodiments, the human
ICOS(28) intracellular domain as described herein, comprises a portion of the ICOS domain
amino acid sequence from an amino acid position at one, two, three, four, five, six, seven,
eight, nine, ten or more amino acids N-terminus to the amino acid position 133, to an amino
acid position at one, two, three, four, five, six, seven, eight, nine, ten or more amino acids C-
terminus to the amino acid position 183 of the human ICOS protein, described herein.

The “CD28 protein”, also referred to as Tp44, 1s a constitutively expressed receptor
for CDEO (B7.1) and CD86 (B7.2) proteins on naive T cells and is important for T cell
activation. In some embodiments, the CD28 intracellular domain can be from a mammalian
CD28. In some embodiments, the mammalian CD28 can be a human CD28, a mouse CD28, a
rat CD28 or a monkey CD28. In some embodiments, the CD28 intraceliular domain can be

from a humean CD28, or an isoform or a variant thereof, comprising an amino acid sequence
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identical to any one of the human CB28 amino acid sequence according to GenBank
Accession Nos: P10747.1, NP 0012300071, NP_001230006.1, NP 006130.1,
EAWT70350.1, FAW703490. 1, EAW70348.1, EAWT70347.1, AIC48451.1, CAC29237 1,
AAASIGAS T, AAASTO44 1, AAL4DO3T 1, AAF33704 1, AAF33793 1, AAF33792.1,
XP 0115104991, XP 0115104971, XP (115104961, AATI2086.1, AAH93698 1,
ABK41938.1, AAYZ24123 1, CADS7003.1 and AAAG0581 . In some embodiments, the C128
intracetlular domain can be from a mouse CD28, or an isoform or a variant thereof,
comprising an amino acid sequence identical to any one of the mouse CD28 amino acid
sequence according to GenBank Accession Nos: AAA37396.1, NP 0316683, P31041.2,
AAH64058. 1, EDLO01S6. 1, CAM13249.1, XP (36012281.1, XP_021054806.1,

XP 0210274811, XP 036015651.1, and XP 030104805 In some embodiments, the CD28
intracellular domain can be from a rai CD28, or an isoform or a variant thereof, comprising
an amino acid sequence identical to any one of the rat CD28 amino acid sequence according
to GenBank Accession Nos: CAA30003.1, NP_037253.2, P31042.1, XP_008765300.1,
EDL98926.1, XP 0327554451, XP 0343549101, XP 0190618592, XP 008844474 1,
XP 0048514031 and XP 012865504.1. In some embodiments, the CD28 intracellular
domain can be from a monkey CD28, or an isoform or a variant thereof, comprising an amino
acid sequence identical to any one of the monkey CD28 amino acid sequence according to
GenBank Accession Nos: ABHO06891.1, ABHO8508.1, ABH06892.1, ABHO8509.1,
ABQ09493 1, NP 001274262.1, NP 0010361062, ABG77998.1, ABG77997.1 and

XP 0149662071,

The “CD28H protein”, also referred to CD28 homolog, transmembrane and
immunoglobulin domain-contatming protein 2, has co-stimulatory activity in T cells by
binding to B7H7. CD28H was initially described as a molecule involved in cell-cell
interaction, cell migration, and angiogenesis of epithelial and endothelial cells (7, 8). CD28H
has a single extracellular immunoglobulin domain followed by a transmermbrane domain and
a 110 amino acid-long cytoplasmic region. In some embodirnents, the CD28 wtracellular
domain can be from a mammalian CD28H. In some embodiments, the mammalian CD28 can
be a human CD2Z8H, a mouse CD28H, a rat CD28H or a monkey CD28H. In some
embodiments, the CD28H intracellular domain can be from a human CD28H, or an isoform
or a variant thereof, comprising an amino acid sequence identical to any one of the human
CID28H amino acid sequence according to GenBank Accession Nos: NP 0012951611,

NP 0011625971, Q96BF3.2, XP 024307127.1 and XP 0168817731
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In some embodiments, the human CD28 intracellular domain as described herein,
comprises an amino acid sequence from amine acid position 145 to the last amino acid at the
C-terminus of the amino acid sequence of the human CD28 protein, described herein. In
some embadiments, a portion of the human CD28 intracellular domain as described herein,
can comprise an amino acid sequence from about amino acid position 195 to about amino
actd position 212 of the amino acid sequence of the human CD28 protein, described herein.
In some embodiments, a portion of the human CD28 intracellular domain as described herein,
can comprises an amino acid sequence from one, two, three, four, five, six, seven, eight, ning
or 10 or more amino acid amino acid position N-terminus to amino acid position 195 to one,
two, three, four, five, six, seven, eight, nine or 10 or more amino acid amino acid position C-
terminus amino acid position 220 of the amino acid sequence of the human CD28 protein,
described herein.

In some embodiments, the first signal transduction domain derived from ICOS
comprises an amino acid sequence according to SEQ ID NG: 9. In some embodiments, the
first signal transduction domain derived from ICOS comprises an anuno acid sequence
having at least 50%, 5%, 60%, 65%, T0%, 75%, 80%, 83%, 90%, 95%, 97% or 99%
tdentity to SEQ I NO: 9.

In some embodiments, the chimeric intracellular domain comprises a first signal
transduction domain comprising a portion of a CD28 intracetiular domain combined with an
ICOS protein (ICOS (28) domain) according to SEQ ID NO: 9. In some embodiments, the
ICOS (28} domain comprises the portion of CD28 intraceliular domain 1nserted N-terminal to
the PI-3K binding site of the ICOS protein according to SEQ ID NO: 2. In some
embodinments, the ICOS (28) domatn comprises the portion of CD28 inserted at 1, 2, 3,4 or §
amino acid position N-terminal to the PI-3K binding site of the ICOS protein according to
SEQ ID NO: 9. In some embodiments, the ICOS(28) domain comprises the portion of CD28
inserted C-terminal to the PI-3K binding site of the ICOS protein according to SEQ ID NO:
9. lu somwe embodiments, the ICOS(28) domain comprises the portion of CD28 inserted at 1,
2,3, 4 or 5 amine acid position C-terminal to the PL-3K binding site of the ICOS protein
according to SEQ D NO: 9.

In some embodiments, the portion of CD28 is inserted at any amine acid position
before amino acid position 48 within an ICOS protein of amino acid sequence according to
SEQ 1D NGO 9. In some embodiments, the portion of CID2B is inserted af any amino acid
position between amino acid position 1 and amino acid position 48, within an ICOS protein

of amino acid sequence according to SEQ ID NO: 9. In some embodiments, the portion of
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CD28 is inserted between the amine acid position 47 and amino acid position 48 of an ICOS
protein with the amino acid sequence according to SEQ 1D NQ: 9. In some embodiments, the
portion of CID28 is inserted between the arino acid position 46 and amino acid position 47 of
an ICOS protein with the amino acid sequence according to SEQ ID NG: ©. In some
embodiments, the portion of CD28 is tnserted between the amino acid position 45 and amino
actd position 46 of an ICOS protein with the amino acid sequence according to SEQ 1D NO:
9. In some embodiments, the portion of CD28 is inserted between the amino acid position 44
and amino acid position 45 of an ICOS protein with the amino acid sequence according to
SEG ID NO: 9. In some embodiments, the portion of CD28 is inserted between the amino
actd position 43 and amino acid position 44 of an ITOS protein with the amino acid sequence
according to SEQ 1D NO: 9.

In some embodiments, the portion of CD28 is inserted at any position after amino
acid position 51 within an ICOS protein of amino acid sequence according to SEQ 1D NO: 9.
In some embodiments, the portion of CD23 1s inserted at any amino acid position between
amino acid position 51 and amino acid position 67, within an 1COS protein of amino acid
sequence according 10 SEQ ID NO: 9. In some embodiments, the portion of CD28 is inserted
between the amino acid position 51 and amino acid position 52 of an ICOS protein with the
amino acid sequence according to SEQ ID NO: 9. In some embodiments, the portion of
D28 is inserted between the amino acid position 33 and amino acid position 54 of an ICOS
protein with the amino acid sequence according to SEQ ID NO: 9. In some embodiments, the
portion of CID28 is inserted between the amino acid position 54 and amino acid position 55 of
an ICOS protein with the amino acid sequence according to SEQ ID NG: ¢, In some
embodiments, the portion of CD28 is inserted between the amino acid position 56 and amino
actd position 57 of an ICOS protein with the amino acid sequence according to SEQ 1D NG
9. In some embodiments, the portion of CD28 is inserted between the amino acid position §7
and amino acid position 58 of an COS protein with the amino acid sequence according to
SEGQ ID NG S

In some embodiments, the portion of CDZ8 of the ICOS(28) domain disclosed herein
comprises an armino actd sequence according to amine acid position 51 to amine acid position
68 of a CD28 signaling domain according to SEQ ID NO: 10, In some embodiments, the
portion of CD28 of the ICOS(28) domain disclosed herein comprises an amino acid sequence
according to amine acid position 51 to amving acid position 76 of a full fength CII28 signaling
domain according to SEQ ID NG: 10, In some embodiments, the portion of CD28 of the

ICOS(28) domatn disclosed herein comprises an amino acid sequence according to amino



193]

10

15

20

WO 2022/147525 PCT/US2022/011103
30

actd position 45 to amine actd position 68 of a CD28 signaling domain according to SEQ ID
NG 10. In some embodiments, the portion of CDZ28 inserted within the ICOS(28) domain
comprises a PRRP motif. In some embodiments, the portion of CD28 inserted within the
ICOS(28) domain comprises an amino acid sequence according to SEQ ID NO: 11. In some
embodiments, the portion of CD28 inserted within the ICOR(28) domain comprises an amino
acid sequence having at feast 50%, 55%, 60%, 65%, 70%, 75%, 80%, 5%, 90%, 95%, 97%
or 99% identity to SEQ IDNO: 11

In some embodiments, the ICOS{(28) domain comprises an amino acid sequence
according to SEQ ID NO: 12, In some embodiments, the ICOS(28) comprises an amino acid
sequence having at least 50%, 55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 95%, 97% or
99% identity to SEQ ID NO: 12

ln some embodiments, the chimeric intracetlular domain comprises a first signal
transduction domain derived from CD28. In some embodiments, the first signal transduction
domain derived from CDZ8 coruprises an amino acid sequence according to SEQ ID NG: 10,
In some embodiments, the first signal transduction domain derived from CD28 comprises an
amino acid sequence having at least S0%, 55%, 60%, 65%, 7%, 75%, 80%, 85%, 90%,
5%, 97% or 99% identity to SEQ 1D NG 10,

A signal transduction domain derived from CD28 as described herein, is referred to as

“CD28” or “28”, interchangeably throughout.

Table 2. Amino acid sequences of first intraceliular signaling domains,

ICOS signaling domain (SEQ 1D NO: 9) (Other name: ICOS). Stalk (undertined), T™M
{regular font}, intracellular domain (IC) (bold) and PI-3K binding site (bold and

underiined)

SOLCCOLKFWLPIGCAAFVVVCILGCILICWLTKKKYSSSVHDPNGEYMEMRAY
NTAKKSRLTDVTL

D28 Transmembrase CD28 Signaling Domain (Other names: CD28 or 28) (SEQ ID NG:
10): CD28 Stalk (underlined), T™M (regular font), intracellular domain (IC) (bold), PI3K
regulatory subunit binding, GRB2, GADS association domain (bold and dotted-
underiined), ITK interaction site {(bold and double-underlined, GRB2, GADS, LCK

interaction site (bold and dash-underlined)

LEPGPSKPFWVLVVVGOVLACYSLLVTVAFIFWYRSKRSRLLHSDYMNMTPER
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CD28 fragment (Other names: mini-CD28 or (28)) (SEQ 1D NO: 11): PRRP motif in bold

TPRRPGPTRKHYQPYAPP

ICOS (28) domain (Other name: ICOS (mini-CD28)) (SEQ 1D NG: 12} 1ntracellular
domain (italicized), TBK1 binding site {TRAF-like motif) (italicized and dotted-
underlined), PI-3K regulatory subunit binding site (italicized and underlined), Ci328

portion {bold), distal domain (italicized and dash-underlined)

In some embodiments, the chimeric intracellular domain comprises an amino acid
sequence having at least 50%, 55%, 60%, 65%, T0%, 75%, 80%, 83%, 90%, 95%, 97% or
99% identity to SEQ ID NO: 13. In some embodiwents, the chimeric intracellular domain
comprises an amino actd sequence according to any one of SEQ ID NOs: 14-17. In some
embodiments, the chimeric intraceltular domain comprises an amino acid sequence having at
least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99% identity to any
one of SEQ ID NOs: 14-17. In some embodiments, the chimerie intracellular domain
comprises an amino acid sequence according to SEQ ID NG: 14, In some embodiments, the
chimeric intracellular domain comprises an amino acid sequence having at least 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99% identity to SEQ ID NO: 14, In
some embodiments, the chimeric intracellular domain comprises an amino acid sequence
according to SEQ 1D NO: 1S, In some embodiments, the chimeric intracellular domain
comprises an armino actd sequence having at feast 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 97% or 99% identity to SEQ ID NO: 15 In some embodiments, the
chimeric intraceltular domain comprises an amino acid sequence according to SEQ ID NG:
16. In some embodiments, the chimeric intracetlular domain comprises an amino acid
sequence having at least 50%, 55%, 605, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or
99% identity to SEQ ID NO: 16. In some embodiments, the chimeric intracellular domain
comprises an amino acid sequence according to SEQ 1D NO: 17, In some embodiments, the
chimneric intracellular domain comprises an amino acid sequence having at least 50%, 55%,
60%, 65%, T0%, T5%, 80%, 85%, 0%, 95%, 97% or 99% identity to SEQ ID NO: 17.

In some embodiments, the chimeric intracellular domain comprises an amino acid
sequence according to any one of SEQ 1D NQOs: 120-129. In some embodiments, the chimeric

intracetiular domain comprises an amino acid sequence having at least 50, 55%, 60%, 65%,
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T0%, 75%, 80%, 85%, 90%, 95%, 97% or 99% identity to any one of SEQ ID NOs: 120-129.
In some embodiments, the chimeric intracellular domain comprises an amino acid sequence
according to SEQ ID NO: 120, In some embodiments, the chimeric intracellular domain
comprises an amino acid sequence having at feast 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 97% or 99% identity to SEQ ID NG: 120 In some embodiments, the
chimeric intraceliular domain comprises an aming acid sequence accerding to SEQ ID NG:
121, In some embodiments, the chimeric intraceliular domain comprises an amino acid
sequence having at least S50%, 53%, 60%, 65%, 70%, 75%, 80%, 8S%, 90%, 95%, 97% or
99% identity to SEQ ID NO: 121 In some embodiments, the chimeric intracellular domain
comprises an amino acid sequence according to SEQ ID NO: 122. In some embodiments, the
chimeric intracellular domain comprises an amino acid sequence having at feast S0%, 53%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99% identity tc SEQ 1D NO: 122

In some embodiments, the chimeric intracellular domain comprises an amino acid sequence
according to SEQ ID NQO: 123, In some embodunents, the chimeric intracelivlar domain
comprises an amino acid sequence having at feast 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 97% or 99% identity to SEQ 1D NO: 123 In some ervbodiments, the
chimeric intracellular domain comprises an amino acid seguence according to SEQ ID NO:
124, In somne embodiments, the chimeric intraceliular domain comprises an amino acid
sequence having at least 30%, 55%, 60%, 63%, T0%, 75%, 80%, 85%, 90%, 95%, 97% or
99% tdentity to SEQ ID NO: 124, In some embodiments, the chimeric intracellular domain
comprises an amino actd sequence according to SEQ ID NO: 125 In some embodiments, the
chirneric intracellular domain comprises an amino acid sequence having at least 50%, 55%,
60%, 65%, T0%, 75%, 80%, 85%. 90%, 05%. 97% or 99% identity to SEQ ID NO- 125. In
some embodiments, the chimeric intracellular domain comprises an amino acid sequence
according to SEQ 1D NO: 126, In some embodiments, the chimeric intracellular domain
comprises an amino acid sequence having at feast 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 97% or 99%; identity to SEQ ID NG: 126, In some embodiments, the
chimeric intracellular domain comprises an amino acid sequence according to SEQ 1D NG:
127 In some embodiments, the chimeric mitracellular domain comprises an amino acid
sequence having at least S0%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or
99% identity to SEQ ID NO: 127 In some embodiments, the chimeric intracellular domain
comprises an amino acid sequence according to SEG ID NO: 128, In some embodiments, the
chimeric intracellular domain comprises an aming acid sequence having at feast 50%, 55%,

60%, 65%, T0%, 75%, 80%, 85%, 90%, 95%, 97% or 99% identity to SEQ ID NO: 128. In
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some embodiments, the chimeric intracellular domain comprises an amino acid sequence
according to SEQ 1D NO: 129, In some embodiments, the chimeric intracellular domain
comprises an amino actd sequence having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%,

85%, 90%, 95%, 97% or 99% identity to SEQ ID NO: 129,

Table 3. Amino acid sequences of chimeric intraceliular domains of RTCR.

ICOS Transmembrane ICOS Signaling Domain 4-1BB Signaling Domain {other names:
ICOS-4-1BB (CD137) intracellular domain, ICOS-137; ICOS 137 ICOS137;. ICOS _BB;
ICOS-BB; ICOSBB; ICOSBBwt, ICOS BBwt or ICOS BB wild type) (SEQ D NO: 13):

ICOS sequence underlined and 4-1BB (BB) domain tn normal font

SOLCCOLKFWEPIGCAAFVVVCILGCILICWLTKEKYSSSVHDPNGEY MEMRAVN
TAKKSRLTDVILKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL

ICOS Transmembrane ICOS Signaling Domain_ Truncated 4-1BB Signaling Domain
{other names: ICOS-truncated 4-18BB (CD137) intracetiular domain; ICOS 137
ICOS137t; ICOS8-137t; ICOS_BBt; ICOSBBt or ICOS-BBt) (SEQ ID NO: 14): ICOS

sequence underlined and mutated/truncated 4-18B (BB1t) domain in normal font

SOLCCOLKFWELPIGCAARVVVCIL GO ICWLTKEKYSSSVHDPNGEYMEMRAVN
TAKKSRETDYVTLOPFMRPVQTTQEEDGCSCRIFPEEEEGGCEL

ICOS Transmembrane ICOS Signaling Domain Truncated OX-40 Signaling Domain
{other names: 1COS-truncated OX-40 (CD134) intracelfular domain, ICOS_ OXA40i; ICOS-
OX40t; ICOS 401, ICOS40t or ICOS-40t (SEQ ID NO: 15): ICOS sequence underlined
and mutated/truncated OX-40 (0X40t, 40t} domain in normal font
SOLCCOLKFWEPIGCAAFVYVVCILGCHICWELTKKKYSSSYHDPNGEYMEMRAYVN
TAKESRETDVILGGGSFRTPIOEEQADAHSTLA

ICOS Transmembrane 1COS Signaling Domain (muni-CD28) Truncated 4-1BB Signaling
Domain {cther names: ICOS(28-truncated 4-18B (BB{) intracellular domain,

ICOS28) BBt ICOS(28)BBt; ICOS(28)-BBt; ICOS(28) 4-1BBt; ICOS(28)4-1BBt or
ICOS283-4-1BB) (SEQ D NG: 16): 1COS sequence underlined, CD28 portion in bold

and BBt domain in normal font

SQLCCOLKFWIE PIGCAAFVYVCH GCHICWL TKKKYSSSYVHDPNGEYMEMTPRRP
GPTRKHEYOQPYAPPRAVNTAKKSRLIDVTILOPFMRPVOTTOQEEDGCSCRIPEEEEG
GCEL
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ICOS Transmembrane ICOS Signaling Domain {mini-CD28) Truncated OX-40 Signaling
Domain (other names: ICOS(28)-truncated OX-~40; ICOS(28)-0X40t; ICOS(28) OX40t;
ICOSZ8YOX40t, ICOS (28)-40t;, ICOS (28) 40t or HCOS(28)401) (CD134) intracellular
dorvain (SEQ 1D NG 17): ICOS sequence underlined, CD28 portion in bold and OX40
{OX-40t, 40t) domain in normal font

SOLCCOLKFWLPIGCAARVVVCH GCILICWLTKEKYSSSVHDPNGEYMEMTPRRP
GPTREKHYQPYAPPRAVNTAKKSRLTDVILGGGSFRTPIGEEQGADAHSTLA

ICOS(28) (shortened ICOS(28)) (SEQ ID NO: 109} ICOS Transmembrane ICOS
Signaling Domain {mini-CD28)

CWLTKKKYSSSVHDPNGEYMEFMTPRRPGPTREKHY QPYAPPRAVNTAKKSRLTDY
TL

CD28 Transmembrane CD28 Signaling Domain 4-1BB Signaling Domain (other names:
CD28 BBwit signaling domain; CD28_BB; CD28BB; CD28-BB; 28 BBwt; 28BB: 28 BB
or 28-BB} (SEQ NO: 120y CD28 Transmembrane domain CD28 Signaling Domain_4-
1BB Signaling Dornain
LEPGPSKPFWYLVVVGGVLACYSLLVTVAFIFWVRSKRSRLUHSDYMNMTPRRP
GPTRKHY(QPYAPPRDFAAYRSKRGRKKLLYIFKQPFMRPVOQTTQEEDGCUSCREPEE
EEGGCEL

CD28 Transmembrane CD28 Signaling Domain_truncated 4-18B Signaling Domain
{other names: CD28 BBt signaling domain; CD28BBt; CD28-BBt; 28 BBt 28BB; or 28-
BBO(SEQ ID NO: 121):
LEPGPSKPFWVLVVVGGVLACYSLLVTVAFHFWVRSKRSRLLHSDYMNMTPRRP
GPTRKHYQPYAPPRDFAAYRSOPFMRPVQTTQEEDGC SCR¥FPEEEEGGCEL

CD28 Transmembrane CD28 Signaling Domatn truncated OX-40 Sigualing Domain
{other names: CD28 OX40t signaling domain; 28-0X40¢; 28-40t; 28 0X40t; 28 40t
280X40t or 2840t) (SEQ ID NO: 122):
LEPGPSKPFWVLVVVGGVLACYSLLVTVAFHFWVRSKRSRLLHSDYMNMTPRRP
GPTRKHY(OPYAPPRDFAAYRSGGGSFRTPIOEEQADAHSTLA

Transmembrane ICOS Signaling Domain 4-1BB Signaling Domain with mutated
polybasie region {other names: ICOS BB(xPB}, ICOSBB(xPB) or ICOS-BB{xPB)) (SEQ
D NGO 123): IC0S
SQLCCQLKFWLPIGCAAFVVVCILGCILICWLTEKKEYSSSVHDPNGEYMFMRAVN
TAKKSRETDVTLAAGAAALLYIFKOPFMRPVOQTTOEEDGCSCRFPEEEEGGCEL
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ICOS Transmembrane ICOS Signaling Domain 4-1BB Signaling Domain with mutated
tysines {Other names: ICOS BBUB); ICOS-BB&UB) or ICOSBBUB)) ((SEQ 1D
NQO: 124y
SQLCCOQLKFWLPIGCAAFVVVCILGCILICWLTEKEYSSSVHDPNGEYMEFMRAVN
TAKKSRETDVTLKRGREKKLELYIFAQPEMRPYQTTQEEDGCSCRFPEEEEGGCEL

ICOS Transmembrane ICOS Signaling Domain 4-1BB Signaling Domain with mutated
lysines and polybasic regions (Other names: ICOS BB{xPB xUB}; ICOS-BB{xPB xUB) or
ICOSBB(xPB <UB)) (SEQ ID NO: 125}
SQLCCOLKFWLPIGCAAFVVVCILGCILICWLTKKKYSSSVHDPNGEYMEFMRAVN
TAKKSRLTDVTILAAGAAALLYIFAQPFMRPVOQTTOEEDGCSCRFPEEEEGGCEL

ICOS Transmembrane ICOS Signaling Domain OX-40 Signaling Domain (Other names:
ICOS OX40wt, ICOS-40; ICOS 40 wild type; ICOCS 40wt; ICOS 40wt; ICOS-40wt;
ICOS-0X40wt; ICOSOX40wt; IC0OS40 or ICOS40wt) (SEQ ID NO: 1261
SQLCCQLKFWLPIGCAAFVVVCILGCILICWLTKKK YSSSVHDPNGEYMFMRAVN
TAKKSRLTDVTLRRDORLPPDAHKPPGGGSFRTPIQEEQADAHSTLAKI

ICOS Transmembrane 1ICOS Signaling Domain 0X-40 Signaling Domain with mutated
polybasic region {other names: ICOS_ OX40(xPB); ICOS 40(xPBY; ICOS-40(xPBY,
ICOS40(xPB); ICOS-OX40(xPB); or ICOSOXA0(xPB)) (SEQ ID NO: 127):
SQLCCQLEKFWELPIGCAAFVVVCILGCILICWLTKKK YSSSVHDPNGEYMFMRAVN
TAKKSRLTDVTLAADGALPPDAHKPPGGGSFRTPIQEEGADAHSTLAK]

ICOS Transmembrane ICOS Signaling Domain (3X-40 Signaling Domain with mutated
tysine residues {other names: JCOS _OX40(xUB) ICOS 40(xUB), ICOS-40(xUB};
ICOS40(xUBY, ICOS-OX40(xUB); or ICOSOX40(xUB)) (SEQ ID NO: 128):
SQLCCOQLEKFWLPIGCAARVVVCILGCILICWLTKEKYSSSVHDPNGEYMEFMRAVN
TAKKSRLTDVTLRRDORLPPDAHAPPGGGSFRTPIQEEQADAHSTLAAIL

ICOS Transmembrane 1COS Signaling Domain 0X-40 Signaling Domain with mutated
tysine residues and polybasic regions {other names: ICOS _OX40(xPBxUB)
ICOS_40(xPBxUB); ICOS-40xPExUB); ICOS40(xPBxUB); ICOS-OX40xPBxUB); or
ICOSOX46(xPBxUB)) (SEG 1D NO: 129):
SQLCCQLEKFWLPIGCAAFRVVVCILGCILICWLTKEKKYSSSVHDPNGEYMFMRAVN
TAKKSRLTDVTLAADQGALPPDAHAPPGGGSFRTPIQEEQADAHSTLAAL

ICOS intracellular domain (SEQ 1D NO: 147)
CWLTKKKYSSSVHDPNGEYMFMRBAVNTAKKSRLTDVTL
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CD28 intraceliular domain (SEQ 1D NG 193}
RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS

In some embodiments, the chimeric intraceliular domain further comprises a third
signal transduction dorain. fo some embodiments, the third signal transduction domain is
derived from any one of a €3 signaling domain, a CD2 signaling domain, or an intesfeukin
2 receptor binding (IL-2RB) protein signaling domain. In some embodiments, the CD3
signaling domain is derived form a CD3 or a CD3e domain or a combination thereof.

In some embodiments, the chimeric intracellular domain further comprises a third
signal transduction domain derived from a CD3E protein. In some embodiments, the third
signal transduction domain of the chimernic intracelluiar domain 13 a CD3( protein of amino
acid sequence according to SEQ ID NO: 18. In some embodiments, the third signal
transduction domain of the chimeric intracellular domain is a CB3C comprising an amino
acid sequence having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%
or 99% identity to according to SEQ ID NOs: 18,

Human CD3 L full fength (CD3Z full length) (SEQ 1D NG 18}
MEKWEKALFTAAILQAGLPITEAQSFGLLDPKLCYLLDGILFIYGVILTALFLRVKFSRSA
DAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPORRENPQEGLYNEL
OKDKMAFAYSEIOMEGERRRGKGHDOLY QGLSTATKDTYDALHMOQALPPR

In some embodiments, the third signal transduction domain of the chimeric
intraceltular domain is a CD3 signaling domain comprising an aming acid sequence
according to any one of SEQ ID NOs: 45, 46, 47 and 48, In some embodiments, the third
signal transduction dorsain of the chimeric infracellular domain is a CD3( comprising an
amino acid sequence according to SEQ 1D NO: 45, In some embodiments, the third signal
transduction domain of the chimeric intracellular domain is a CD3{ comprising an amino

n

acid sequence having at feast S0%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,

e

7%
or 99% identity to SEQ ID NO: 45, In some erabodiments, the third signal transduction
domain of the chimeric intracellular domain is a truncated CD3{ comprising an amino acid
sequence according to SEQ 1D NO- 46. In some embodiments, the third signal transduction
domain of the chimeric intracellular domain 1s a truncated CD3C comprising an amino acid
sequence having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 83%, 90%, 95%, 97% or
99% identity to SEQ 1D NO: 46, In some embodiments, the third signal transduction domain

of the chimeric intracellular domain is a truncated CD3e comprising an amino acid sequence




10

20

30

WO 2022/147525 PCT/US2022/011103
37

according to SEQ ID NO: 47, In some embodiments, the third signal transduction domain of
the chimeric intracellular domain is a truncated CD3s comprising an amino acid seguence
having at feast S0%%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99%
identity to SEQ 1D NGO 47, In some embodiments, the third signal transduction domain of the
chimeric intracellular domain is a combination of a CD3¢ and a truncated CD3( domains
{CD3e domain). In some embodiments, the third signal transduction domain of the chimeric
intraceliular domain is a CD3(e comprising an amino acid sequence according to SEQ 1D
NQO: 48 In some embodiments, the third signal transduction domain of the chimeric
intraceliular domain is a CD3e coruprising an arvino actd sequence baving at least 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99% identity to SEQ ID NO: 48.

In some embodiments, the third signal transduction domain of the chimeric
intraceltular domato is a mutant CD2 signaling domain. In some embodiments, the third
signal transduction domain of the chimeric intracellular domain s a truncated CD2 signaling
domain. In sore ervbodiments, the third signal transduction domain of the chimeric
intracetiular domain ts a truncated CD2 signaling domain comprising an amino acid sequence
according to SEQ 1D NO: 49, In some embodiments, the third signal transduction domain of
the chimeric intraceliular domain is a truncated CD2 signaling domain comprising an aming
acid sequence having at feast S0%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%
or 99% identity to SEQ ID NQOs: 49.

In some embodiments, the third signal transduction domain of the chimeric
intracetiular domain is an IL-2RB protein signaling domain comprising an amino acid
sequence according to SEQ ID NO: 50. In some embodiments, the third signal transduction
domain of the chimeric intracellular domain is an IL-2RB protein signaling domain
comprising an amino acid sequence having at least 30%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 97% or 99% identity to SEQ ID NOs: 50.

In some embodiments, the chimeric intracellular domain further comprises a fourth
signal transduction domain. fn some embodiments, the fourth signal transduction domain is
derived from any one of a CD3 signaling domain, a CD2 signaling domain or an interleukin 2
receptor binding (IL-2RB) protein signaling domain or a combination thereof, wherein the
third and the fourth signal transduction domain are not identical.

In some embodiments, the fourth signal transduction domain of the chimeric
intracetlular domain is a CD3 signaling domain comprising an amino acid sequence

according to any one of SEQ ID NOs: 45, 46, 47 and 48 In some embodiments, the fourth
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signal transduction dorsain of the chimeric intracellular domaiu is a CD3C comprising an
amino acid sequence according to SEQ I NO: 45, In some embodiments, the fourth signal
transduction domain of the chimeric tntracellular domain is a CD3L comprising an amino
acid sequence having at feast 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%
or 99% identity to SEQ ID NO: 45, In some embodiments, the fourth signal transduction
domain of the chimeric intracellular domain is a truncated CD3( comprising an amino acid
sequence according to SEQ ID NO: 46, In some embodiments, the fourth signal transduction
domain of the chimeric intraceltular domain is a truncated CD3( comprising an amino acid
sequence having at least 50%, 55%, 60%, 63%, 70%, 75%, B0%, 83%, 90%, 95%, 97% or
99% tdentity to SEQ ID NO: 46. In some embodiments, the fourth signal transduction
domain of the chimeric intracellular domain 1s a truncated CD3e comprising an amino acid
sequence according to SEQ ID NGO 47, In some embodiments, the fourth signal transduction
domain of the chimeric intracellular domain is a truncated CD3s comprising an amino acid
sequence having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or
99% identity to SEQ 1D NO: 47. To some emnbodimwents, the fourth signal transduction
domain of the chimeric intracellular domain is 2 combination of a2 CP23¢ and a truncated
CD3E domains (CD3Le domain). In some embodiments, the fourth signal transduction
domain of the chimeric intracellular domain 1s a CD3e comprising an amino acid sequence
according to SEQ 1D NO: 48, In some embodiments, the fourth signal transduction domain of
the chimeric intraceltular domain is a CD3Le comprising an amino acid sequence having at
feast S0%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99% identity to SEQ
D NQ: 48,

In some embodiments, the fourth sigoal transduction domain of the chimertc
intracellular domain is a mutant CD2 signaling domain. In some embodiments, the fourth
signal transduction domain of the chimeric intracellular domain is a truncated CD?2 signaling
domain. in some embodiments, the fourth signal transduction domain of the chimeric
intraceliular domaio is a trancated CD2 signaling domatn comprising an amino acid sequence
according to 8EQ 1D NO: 49 In some embodiments, the fourth signal transduction domain of
the chimeric intraceliular domain is a truncated CD2 signaling domain comprising an amino
acid sequence having at least 30%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%
or 99% identity to SEQ 1D NQOs: 49.

In some embodiments, the fourth sigual transduction domain of the chimeric

intracetlular domain s an IL-2RB protein signaling domain comprising an amino acid
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sequence according to SEQ ID NO: 50. In some embodiments, the fourth signal transduction
domain of the chimeric intracellular domain is an IL-2RB protein signaling domain
comprising an amino acid sequence having at least 50%, 55%, 60%, 65%, 70%, 75%, §0%,
85%, 90%, 95%, 97% or 99% identity to SEQ ID NDs: 50.

The terms T cell, T-cell, © cell, t-cell, and T lymphocyte can be used interchangeably
in the present disclosure.

In some embodiments, the extracellular domain cornprises a protein or a portion
thereof that binds to a target to induce activation and/or proliferation of an immune cell. In
some embodiments, the extracellular domain comprises any one of: a) a component ofa T
cell Receptor (TCR) complex; b} a component of a chimeric antigen receptor (CAR); c)a
component of a T cell co-receptor, wherein the T cell co-receptoris a T cell co-stimulatory
protein or T cell inhibitory protein; d) a ligand that binds to a cell surface receptor or a
component thereof; e} a component of a cytokine receptor; e} a component of a chemokine
receptor; g) a component of an integrin receptor; h) a component of an endothelial cell
surface protein receptor or a fragment thereof’ 1) a component of a neuronal guidance protein
recepior; and £} a component of a complement receptor. In sore embodiments, the
component of the T cell co-receptor or the CAR is a component of PD1, CD28, CD2, 0X-40,
ICOS, CTLA-4, CD28 D3, CD4, CD8, CD40L, Lag-3, Tim-3, or TIGIT, or a combination
thereof In some embodiments, the ligand or component of the T ¢cell co-receptor or CAR
binds to CD19, B cell maturation Ag {BCMA), PD-L1, PD-L.2, HL-10, a proliferation-
inducing ligand (APRIL), BAFF, OX-40L, ICOS-L, B7-1, B7-2, CD40, CD58, CD59, nectin,
CD1SS, or CI112, or a combination thereof. In some embodiments, the cyiokine receptor
binds to IL-10, IL-27, TGF-8, IL-12, TL-1, IL-2, IL-4, IL-5, IFN-y, or IFN-o/B, or a
combination thereof. In some embodiments, the component of the complement receptoris a
component of a single C3aR, CSaR, CD46/MCP, CD355, CDI7, or DAF, or a combination
thereof

ln some embodiments, the extracellular domain comprises an amino acid sequence of
a component of any one of a} a chemokine receptor; b} a cytokine receptor; ¢) a ligand for a
cell surface receptor; d} an integrin receptor, e) a cell adhesion molecule or a receptor thereof,
f) an endothelial cell surface protein receptor or a fragment thereof, g} a complement
receptor; and h} a neuronal guidance protein receptor. In some embodiments, the extracellular
domain comprises an amino acid sequence of a component of any one of epithelial growth

factor receptor (EGFR), vascular-endothelial growth factor {VEGFR), chemokive receptor
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{(CCR} 4, CCRS5, CCR7, CCR 10, Lymphocyte function-associated antigen-1 (LFA-1),
feukocyte-specific B2 integrins (aLB2, aMB2, aXB2, aDB2), §7 integrins (47 and aERT),
extracellular matrix (ECM)-binding Bl integrius {al-a6p 1), L-selectin, or sialyl Lewis™

In some embodiments, the extracellular domain is a protein, a peptide, a glycoprotein,
an antibody or a fragment thereof. In some embodiments, the antibody or fragment thereof is
a Fab fragment, a F{ab) fragment, a diabody, a nanobody, a sdAb, Fv, a VHH fragment, or a
single chain Fv fragment.

In some embodiments, the extracellular domains cornprises two or more binding sites
for targeting two or more non-identical target antigens. In some embodiments, the
extracetlular domains comprises two or more binding sites for targeting two or more non-
tdentical sites on a target antigen. In some embodiments, the exiracellular domain comprises
two antigen binding domains or fragments of a bispecific antibody. In some embodiments,
the extracetlular domain comprises a F(ab), fragment of a bispecific antibody. In some
embodiments, the extracellular domain comprises two or more antigen binding domains or
fragments of a multi-specific antibody.

In some embodiments, the extracellular domain binds to a target that is a tumor
antigen, a pathogen associated protetn, or an antigen associated with the disease or disorder
that is a cancer, an autommmune disease or disorder, an infectious disease, an inflammatory
disease, a renal disease or disorder, a lung disease or disorder, a liver disease or disorder, a
cardiovascular disease or disorder, a neurodegenerative disorder or disorder, or a metabolic
disorder or disorder.

In some embodiments, the fumor antigen is any one of a tumor associated antigen
{TAA), atumor secreted antigen {TSA) or an unconventional antigen (UCA). In some
embodiments, the TAA 15 any one of a cancer germline antigen (CGA), a Human endogenous
retroviruses (HERVs), tissue differentiation antigen (TDA) and overexpressed tumor antigen.
In some embodiments, the TSA is derived from any ove of a mosaic single nucleotide
vartations {mSNVs), a insertion-deletion mutations (INDELSs), gene fusions and viral
oncoproteins. In some embodiments, the UCA is derived from non-coding regions of the
genome or from coding regions of the genome. In some embodiments, the UCA is derived
from aberrant transcription, transtation, or post-translational modifications.

In some embodiments, the TAA 1s associated with a solid tumor or cancerora

hematologic cancer. In some embodiments, the TAA is associated with a solid tumor or
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cancer is selected from a sarcoma, a carcinoma or a lymphoma that manifests as, leads to, or
i associated with a solid tumor.

In some embodiments, the TAA is associated with a sarcoma that is a soft tissue
sarcoma or a bone sarcoma {ostecsarcoma). In some embodiments, the TAA is associated
with a sarcoma selected from vesicular rhabdomyosarcoma, vesicular soft Hissue sarcoma,
ameloblastoma, angiosarcoma, chondrosarcoma, chordoma, bright tissue sarcoma,
dedifferentiated liposarcoma, Hyperplastic small round cell turnor of connective tissue,
embryonic rhabdomyosarcoma, epithelioid fibrosarcoma, epithelioid hemangioendothelioma,
epithelioid sarcoma; sensitive neuroblastoma {esthesioneuroblastoma), Ewing sarcoma,
extrarenal rhabdomyosarcoma, extraossecus myxoid chondrosarcoma, extraosseous
osteosarcoma, fibrosarcoma, giant cell tumor, hemangiopericytoma, infantile fibrosarcoma,
inflammatory myofibroblastoma, Kaposi sarcoma, bone smooth muscle sarcoma,
liposarcoma, osteosarcoma, malignant fibrous histiocytoma (MFH), malignant fibrous
histiocytorna (MFH), malignant mesenchymal tumor, malignant penipheral nerve sheath
tumor, mesenchymal chondrosarcoma, myxoid liposarcoma, myxoid inflammatory
fibroblastic sarcoma, multiple tumors with perivascular epithelioid cell differentiation,
osteosarcoma, extraperiosteal osteosarcoma, tumors with perivascular epithelial cell
differentiation, periosteum osteosarcoma, polymorphic liposarcoma, polymorphic
rhabdomyosarcoma, PNET / extracsseous Ewing's tumor, rhabdomyosarcoma, small cell
osteosarcoma, single fibroids, synovial sarcoma or capillary dilated osteosarcoma.

In some embodiments, the TAA is associated with a carcinoma selected from basal
cell carcinoma, squamous cell carcinoma, renal cell carcinoma, ductal carcinoma in situ
(DCIS), wvasive ductal carcinoma or adenocarcinoma. In some embodiments, the TAA is
associated with a carcinoma selected from adenosguamous carcinoma, anaplastic carcinoma,
farge cell carcinoma, colorectal carcinoma, pancreatic carcinoma, nasopharyngeal carcinoma
or smal} cell carcinoma.

In some embodiuments, the TAA is associated with a solid tumor or cancer selected
from anal cancer, appendix cancer;, cholangiocarcinoma (i.e., biliary tract cancer), breast
cancer, bladder cancer, brain tumor, breast cancer, cervical cancer, colon cancer, colorectal
cancer, colon polyp, unidentified primary cancer (cup), esophagus cancer, eye cancer, tubal
cancer, kidney cancer, liver cancer, lung cancer, medulloblastoma, melanoma, oral cancer,
ovarian cancer, prostate cancer, pancreatic cancer, gastric cancer, testicular cancer, faryngeal

cancer, thyroid cancer, uterine cancer, vaginal cancer, or vulvar cancer.
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In some embodiments, the breast cancer is an invasive breast duct cancer, carcinoma
in situ of the duct, invasive lobular carcinoma or lobular carcinoma in situ. In some
embodiments, the pancreatic cancer is adenocarcinoma or islet cell carcinoma. In some
embodiments, the colorectal cancer is adenccarcinoma. In some embodiments, colenic polyps
are associated with familial adenomatous polyposis. In some embodiments, the bladder
cancer is transitional cell bladder cancer, squamous cell bladder cancer, or adenocarcinoma.
In some embodiments, the lung cancer is non-small cell lung cancer. In some embodiments,
the non-small cell lung cancer is adenccarcinoma, squamous cell lung cancer, or large cell
hung cancer. In some embodiments, the non-small cell lung cancer is large cell lung cancer. In
some embodiments, the fung cancer is small cell ung cancer. In some embodiments, the
prostate cancer 13 adenocarcinoma or small cell carcinoma. In some embedirents, the
ovarian cancer s epithelial ovarian cancer. In some embodiments, the cholangiocarcinoma is
preximal cholangiocarcinoma or distal cholangiocarcinoma.

In some embodiments, the TAA 1s associated with any one of the bematological
cancer selected from a leukemia, a myeloma or a lymphoma. In some embodiments, the TAA
is associated with a leukemia selected from acute leukemia, acute lymphoblastic feukemia
{ALL), acute lymphocytic leukemia, a B cell, T cell or FAB ALL, acute myeloid leukemia
{AML), acute myelogenous leukemia, chronic myelocytic leukemia (CML), chronic
Iymphocytic leukemia (CLL), hairy cell leukemia, acute promyelocytic leukemia (APL),
mixed-lineage leukemia (MLL) or myelodysplastic syndrome (MDS).

In some embodiments, the TAA is associated with a myeloma that 15 a multiple
myeloma. In some embodimnents, the TAA is associated with a multipte myeloma selected
from the hyperdiploid (HMM) or the non-hyperdiploid or bypodiploid subtypes of multiple
myeloma. In some embodiments, the TAA is associated with a multiple myeloma selected
from light chain myeloma, non-secretory myeloma, solitary plasmacytorsa, extramedullary
plasmacytoma, monocional gammopathy of undetermined significance (MGUS), smoldering
multiple myeloma (SMM), immunoglobulin B (IgD) myeloma or, immunoglobulin E (IgE)
myeloma.

In some embodiments, the TAA is associated with a lymphoma that is a Hodgkin's
lymphoma or a non-Hodgkin's lymphoma. In some embodiments, the TAA is associated with
a non-Hodgkin's lymphoma. In some embodiments, the TAA is associated with a non-
Hodgkin's lymphoma selected from a Small lymphocytic lymphoma (SLL},
Lymphoplasmacytic lymphoma, Diffuse large cell lymphoma, Follicle center cell tymphoma,

Burkitt's lymphoma, Burkitt-like lyraphoma, Mantle cell lymphoma or Marginal zone B-cell
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Iymphoma. In some embodiments, the TAA is associated with a lymphoma that is a
Hodghkin's lymphoma. In some ernbodiments, the TAA is associated with a Hodgkin's
fymphoma selected from nodular sclerosis classical Hodgkin lymphoma, lymphocyte-rich
classical Hodgkin lvmphoma or lymphocyte-depleted classical Hodgkin lymphoma.

In some embodiments, the TAA is associated with a cancer that is any one of acute
teukemia, acute lymphoblastic leukemia (ALL), acute lymphocytic lenkemia, B cell, T cell or
FAB ALL, acute myeloid leukemia {AML), acute myelogenous leukemia, chronic
nyelocytic leukemia (CML), chronic lyvmphocytic lenkemia (CLL), hairy cell ieukemia,
myelodysplastic syndrome (MDS), Hodgkin's lymphoma, Hodgkin's disease, non-Hodgkin's
Iymphoma, muitiple myeloma, colorectal carcinoma, pancreatic carcinoma, nasopharyngeal
carcinoma, malignant histiocytosis, paraneoplastic syndrome/hypercalcemia of malignancy,
biadder cancer, breast cancer, colorectal cancer, endometrial cancer, head cancer, neck
cancer, hereditary nonpolyposis cancer, fiver cancer, fung cancer, non-small cell lung cancer,
ovarian cancer, pancreatic cancer, prostate cancer, renal cell carcinoma, testicular cancer,
adenocarcinomas, sarcomas, malignant melanoma, and hemangioma.

In some embodiments, the extracellular domain binds to 2 TAA selected from
kallikrein 4, papillomavirus binding factor (PBF), preferentially expressed antigen of
melanoma (PRAME), Wilms' tumor-I (WTI), Hydroxysteroid Dehvdrogenase Like I
(HSDLI), mesothelin, cancer testis antigen (NY-ES80-1), carcincembryonic antigen (CHA},
pS3, human epidermal growth factor receptor 2/neuro receptor tyrosine kinase (Her2/Neu),
carcinoma-associated epithelial cell adhesion molecule (EpCAM), ovarian and uterine
carcinoma antigen (CAI2S), folate receptor a, sperm protein 17, tumor-associated
differentially expressed gene~12 (TADG-12), mucin-16 (MUC-16), L1 cell adhesion
molecule (LICAM), mannan-MUC-1, Human endogenous retrovirus K (HERV-K-MEL),
Kita-kyushu hung cancer antigen-1 (KX-LC-1), human cancer/iestis antigen (KM-FHN-1},
cancer testis antigen (LAGE-D), melanoma antigen-Al (MAGE-Al), Sperm surface zona
peliucida binding protein (Spl 7), Syunovial Sarcoma, X Breakpotot 4 (8SX-4), Transient
axonal glycoprotein-1 {TAG-I}, Transient axonal glycoprotein-2 (TAG-2}, Enabled Homwlog
{ENAH), mammoglobin-A, NY-BR-L Breast Cancer Antigen, (BAGE-1), B melanoma
antigen, melanoma antigen-Al (MAGE-Al), melanoma antigen-A2 (MAGE-A2), mucin k,
synovial sarcoma, X breakpoint 2 (88X-2), Taxol-resistance-associated gene-3 (TRAG-3),
Avian Myelocytomatesis Viral Oucogene ( c-myc }, cyclin B 1, mucin [ (MUC 1}, p62,
survivin, lymphocyte common antigen (CD45), DickkopfWNT Signaling Pathway Inhibitor {

(DKKD, telomerase, Kirsten rat sarcoma viral oncogene homolog (K-ras), G250, intestinal
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carboxyl esterase, alpha-fetoprotein, Macrophage Colony-Stimulating Factor (M-CSF},
Prostate-specific membrane antigen (PSMA), caspase 5 (CASP-5), Cytochrome C Oxidase
Assembly Factor T Homolog (COA-1), O-finked B- N-acetylglucosamine transferase {OGT),
Osteosarcoma Amplified 9, Endoplasmic Reticulum Lectin (O8-9), Transforming Growth
Factor Beta Receptor 2 (TGF-betaRID), murine levkemia glycoprotein 70 {gp70), Calcitonin
Related Polypeptide Alpha (CALCA), Programmed cell death 1 ligand 1 (CD274), Mouse
Double Minute 2ZHomolog {mdm-2}, alpha-actinin-4, elongation factor 2, Malic Enzyme 1
(MET), Nuclear Transcription Factor Y Subunit C (NFYC), G Antigen 1.3 (GAGE-1.3),
melanoma antigen-AS (MAGE-AG), cancer testis antigen XAGE-1b, six iransmembrane
eptthehial antigen of the prostate 1 (STEAPL, PAP, prostate specific antigen (PSA),
Fibroblast Growth Factor 5§ (FGES), heat shock protein hsp70-2, melanoma antigen-A9
(MAGE-A9), Arg-specific ADP-ribosyliransterase family C {ARTCY), B-Raf Proto-
Uncogene (B-RAF}, Serine/Threonine Kinase, beta-catenin, Cell Division Cycle 27 homolog
{Cdc27), cyclin dependent kinase 4 (CDK4), cyclin dependent kinase 12 (CDK 12}, Cyclin
Dependent Kinase Inhibitor 2A (CDEN2A), Casein Kinase 1 Alpha 1 (CSNKIAL),
Fibronectin 1 {FNI}, Gruwih Anest Specific 7 (GAST), Glycoprotein nonmetastatic
melanoma protein B (GPNMB), HAUS Augmin Like Complex Subunit 3 (HAUS3), LDLR-
fucosyltransferase, Melanoma Antigen Recognized By T cells 2 (MART2), myostatin
{(MSTN), Melanoma Associated Antigen (Mutated) 1 (MUM-1-2-3), Poly{A) polymerase
gamma {neo-PAP), myosin class I, Protein phosphatase 1 regulatory subunit 3B (PPPIR3B),
Peroxiredoxin-3 (PRDXS), Receptor-type tyrosine-protein phosphatase kappa (PTPRIO),
Transforming protein N-Ras (N-ras), retinoblastoma-associated factor 600 (RBAF600),
sirtuin-2 (SIRT2), SNRPDI, triosephosphate isomerase, Ocular Albinism Type 1 Protein
(OAl, member RAS oncogene family (RAB38), Tyrosinase related protein 1-2 (TRP-1-2},
Melanoma Antigen Gp75 (gp75), tyrosinase, Melan-A (MART-1}, Glycoprotein 100
melanoma avtigen {(gplO0), N-acetylglucosaminyliransferase V gene (GnTVE), Lymphocyte
Antigen 6 Complex Locus K (LY6K), melanoma antigen-AlQ (MAGE-ALQ), melanoma
avtigen-Al2 (MAGE-AI2), melanoma aotigen-C2 (MAGE-C2), melanoma astigen NABS-A,
Taxol-resistant-associated protein 3 {TRAG-3}, BDZ binding kinase {(pbk), caspase 8 (CASP-
8), sarcoma autigen 1 (SAGE), Breakpoint Cluster Region-Abelson oucogene (BCR-ABL),
fusion protein in leukeniia, dek-can, Elongation Factor Tu GTP Binding Domain Containing
2 (EFTUDZ), ETS Variant gene 6/acute myeloid feukemia fusion protein (ETVéE-AMLI),

FMS-like tyrosine kinase-3 internal tandem duplications (FLT3-1TD), cyclin-Al, Fibronectin
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Type I Bomain Containing 3B (FDNC3B, ) promayelocyiic leukemia/retinoic acid receptor
alpha fusion protein (pml-RARalpha), melanoma antigen-Cl (MAGE-CI), membrane protein
alternative spliced isoform (D393-CD20), melanoma antigen-Ad (MAGE-A4), or melanoma
antigen-A3 (MAGE-A3)}.

In some embodiments, the autoirmmune condition or disorder is any ovne of Type |
Diabetes, theumatoid arthritis (RA), systemic lupus erythematosis (SLE), multiple sclerosis
{(MS), celiac disease, sjOgren syndrome, polymyalgia rheumatica, ankylosing spondylitis,
alopecia areata, vasculitis and temporal arteritis. In some embodiments, the tumor associated
antigen (TAA) associated with the autoimmune condition or disorder is derived from any one
of Carboxypeptidase H, Chromogranin A, Glutamate decarboxylase, Imogen-38 | Insulin,
Tnsulinoma antigen-2 and 20, Islet-specific glucose-6-phosphatase catalytic subunit related
protein (IGRP), Proinsulin, o-enolase, Aquaporin-4, B-arrestin, Myelin basic protein, Myelin
oligodendrocytic glycoprotein, Proteolipid protein, $100-B, Citrullinated protein, Collagen 1,
Heat shock proteins, Human cartilage glycoprotein, Double-stranded DNA, La antigen,
Nucleosomal histones and ribonucleoproteins (snRNP), Phospholipid-B-2 glycoprotein I
complex, Poly(ADP-ribose) polymerase, and Sm antigens of U-1 small ribonucleoprotein
complex.

In some embodiments, the pathogen associated antigen is an antigen from a bacterial,
a fungal or a parasitic protein or fragment thereof. In some embodiments, the pathogen
associated antigen is associated with HIV infection, human Cytomegalovirus infection,
Hepatitis B infection, Hepatitis C infection, Ebola virys infection, Dengue, Yellow fever,
Listeriosis, Tuberculosis, Cholera, Malaria, Leishmaniasis, or Trypanosoma infection, or a
combination thereof.

In some embodiments, the neurodegenerative disorder or condition is any one of
Alzheimer's disease {ADY} and other dementias, Parkinson's disease (PD} and PD-related
disorders, Prion disease, Motor neurone diseases (MND), Huntington's disease (HD),
Spinocerebeliar ataxia (SCA) or Spinal muscular atrophy (SMA). In some ermbodiments, the
antigen associated with the neurodegenerative disorder or condition is any one of Amyloid §
{Ab), tau, alpha-synuclein (e-syn), mHTT or prion PrP¥ or a combination thereof.

In some embodiments, the extracellular domain binds to a target with a binding
affinity of 1 fM to 100 uM. In some embodiments, the extracellular domain binds to a target
with a binding affinity of 1 pM to 160 uM. In some embodiments, the extracellnlar domain

binds to a target with a binding affinity of 1 pM to 10 pM. In some embodiments, the
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extracellular domain binds to a target with a binding affinity of 10 pM to 50 pM. In some
cmbodiments, the extracellular domain binds to a target with & binding affinity of 10 pM to
100 pM. In some embodiments, the extracellular domain binds to a target with a binding
affinity of 100 pM to 500 pM. In some embodiments, the extracellular domain bindsto a
target with a binding affimiy of 500 pM to 1 oM. In some embodiments, the extracellular
domain binds to a target with a binding affinity of 1 M to 10 nM. In some embodiments, the
extracetlular domain binds to a target with a binding affinity of 10 nM to 100 nM. In some
embodiments, the extracellular domain binds to a target with a binding affinity of 100 sM 1o
300 nM. In some embodiments, the extracellular domain binds to a target with a binding
affinity of 500 oM to 1 uM. In some embodiments, the extracellular domain binds to a target
with a binding affinity of 1 uM to 10 pM. In some embodimenis, the extraceltular domain
binds to a target with a binding affinity of T uM to 5 uM . In some embodiments, the
extracellular domain binds to a target with a binding affinity of 5 uM to 7.5 uM. In some
embodiments, the extracellular domain binds to a target with a binding affinity of 7.5 uM to
10 uM.

In some embodiments, the extracellular domain compiises a signal peptide at the N-
terminus. In some embodiments, the signal peptide can be derived from a surface expressing
protein or a secretory protein. In some embodiments, the signal peptide can be derived from
Preprolactin, HIV pre-Env, HCV polyprotein, CB virus polyprotein, Pestivirus polyprotein,
Precalreticulin, pre-VSV-G, HLA class I histocompatibility antigen or PI3-1 signal peptide
{(PD-1 SP), interleulan 12 (L12), GM-CSF or CD8& alpha chain (CD8a). In some
embodiments, the signal peptide is PD-1 signal peptide (PD-1 SP). In some embodiments, the
signal peptide is a HLA clags I histocompatibility antigen or a portion thereof. In some
embodiments, the exiracellular domain is derived from PD1. In some embodiments, the
extracellular domain comprises the amine acid sequence from position 1 to 163 of the amino
acid sequence according to any one of SEQ ID NOs: 19-21. Tu some emsbodirnents, the
extracelluiar domain comprises the amino acid sequence from position | to 103 of the amino
acid sequence according to SEQ 1D NGOs: 19, In some embodiments, the exiracellular domain
comprises the amino acid sequence from position 1 to 163 of the amino acid sequence
according to SEQ 1D NOs: 20. In some embodiments, the extracellular domain comprises the
amino acid sequence from position 1 to 163 of the amino acid sequence according to SEQ 1D
NOs: 21
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In some embodiments, the extracellular domain comprises the amine acid sequence
according to any one of SEQ ID NOs: 22-23. In some embodiments, the extracellular domain
comprises the amino acid sequence according to SEQ ID NOs: 22. In some embodiments, the
extracelluiar domain comprises the amino acid sequence having at least 50%, 55%, 60%,
65%, T0%, 75%, B0%, 85%, 90%, 95%, 97% or 99% identity to SEQ 1D NQs: 22. In some
embodiments, the extracellular domain comprises the amine acid sequence according to SEQ
13 NOs: 23, In some embodiments, the extracellular domain comprises the amino acid
sequence having at least S50%, 53%, 60%, 65%, 70%, 75%, 80%, 8S%, 90%, 95%, 97% or

99% identity to SEQ 1D NOs: 23,

Table 4. Amino acid sequences of PD1 extracellular domains of RTCR.

PD1 (PD1 Signal Peptide PD1 Extracellular PD1 Transmembrane PD1 Intracellular)
{other names: PD1 wi (human-wild type}, PDLWT, PD-1; PD-1 wi, PD-1 wild type; PDI;
PD 1wt or PD1 wild type) (SEQ ID NGO: 19): Signal Pepiide (italicized), Extracellular
domain (IG-like V domain in bold and stalk in bold and underlined), Trans Membrane
{underlined) and Intracellular domain in double underiine
MOIPOAPWPYVIWAVLQLGWRPGWEFLDSPDRPWNPPTFSPALLVVTEGDNATFTCS
FSNTSESFYVLNWYRMRPSNOTDKLAAFPEDRSQPGODCRFRVTQLPNGRDIH
MSVVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVPTAHPSPSP
RPAGOFOTLYVGYVOGLLGSLVLLVWYLAVICSRAARGTIGARRTGOPLKEDPS
AVEVESVDYGELDFOWREKTPEPPVPCVPEOQTEYATIVEPSGMGTSSPARRGSADG
PRSAOQPLRPEDGHCSWPL

PD1 Signal Peptide PD1 Extracellular PD1 Transmembrane (Other name: PD-]
truncated) (SEQ ID NO: 20} PD1 Signal Peptide (italicized), Extracellular domain (IG-
like V domain in bold and stalk in bold and underlined), Trans Membrane (underlined) and
Intracellular tail in double underline
MOIPOAPWPVVIWAVEQLGWRPGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTC
SFSNTSESFVLNWYRMSPSNOTDKLAAFPEDRSQPGODCRFRVTIQLPNGRDYH
MSYVRARRNDSGTYLCGAISLAPKAQIKESLRAEFLRVTERRAEVPTAHPSPSP
RPAGQFOTLVYGYVGGLLGSLVLLVWYLAVICSR

HELA-AZ Signal Peptide PD1 Exiracellular PD1 Transmembrane (P21 TLs; HLASP-
Truncated, PD1-ThLs, PD1:TLs) (SEQ ID NO: 213 HLA-AZ Signal Peptide (italicized),
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Extracellular domain (IG-like V domain in bold and stalk in bold and underlined), Trans
Membrane (underlined) and Intraceliular tail in double undetdine
MAVMAPRITVILLSGALALTOTWAFLDSPDRPWNPPTFSPALLVYTEGDNATETCS
FONTSESFVLNWYRMSPSNOTDRKLAAFPEDRSOQPGODCRIFRVTIQLPNGRDFH
MSYYRARRNDSGTYLCGAISLAPKAQIKESLRAELRYTERRAFYPTAHPSPSP
RPAGQOFOTLVVOVVGGLLIGSLVLLVWVLAVICSR

PD-1 {extracellular domain) (SEQ ID NO: 22): Signal Peptide (ttalicized), Extracellular
domain (IG-like V domain in bold and stalk in bold and underdined)
MOIPOAPWPYVIWAVEQLGWRPGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTC
SFSNTSESFVLNWYRMSPSNQITDKLAAFPEDRSQPGODCRIFRVIQLPNGRDYH
MSYVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRALVPTAHPSPSP
RPA

PD-1 (HLLA A2-Sigoal Peptide extracelular doroain) (other same: PD-1 (HILLA A2-SP

extracellular domain} (SEQ ID NO: 23): Signal Peptide (italicized), Extracetiular domain
(1G-like V domain in bold and stalk in bold and underlined)
MAVMAPRTIVIILSGALALTOTWAFLBSPDRPWNPPTFSPALLVYTEGDNATHTCS
FSNTSESFVLNWYRMSPSNQTDKLAAFPEDRSQPGODCRFRVTIQLPNGRDFH
MSYVRARRNDSGTYLCGAISLAPKAQIKESLRAFLRVTERRAEVPTAHPSPSY
RP

ln some embodiments, the RTCR disclosed herein comprises the amino acid sequence
according to any one of SEQ ID NOs: 24-44 and 130-132.

In some embodiments, the RTCR disclosed herein comprises the amino acid sequence
according to SEQ 1D NO: 24. In some embodiments, the RTCR disciosed herein comprises
the amino acid sequence baving at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 97% or 99% identity to SEQ ID NG: 24,

In some embodiments, the RTCR disclosed herein comprises the amino acid sequence
according to SEQ ID NO: 25, In some embodiments, the RTCR disclosed herein comprises
the amino acid sequence having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,

95%, 97% or 99% identity to SEQ 1D NO: 25,

>

In some embodiments, the RTCR disclosed herein comprises the amino acid sequence

according to SEQ ID NO: 26, In some embodiments, the RTCR disclosed herein comprises
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the amino acid sequence having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
5%, 97% or 99% identity to SEQ ID NO: 26.

In some embodiments, the RTCR disclosed herein comprises the amino acid sequence
according to SEQ 1D NO: 27, In some embodiments, the RTCR disclosed herein comprises
the amino acid sequence having at least 30%, 559%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 97% or 99% identity to SEQ D NO: 27

In some embodiments, the RTCR disclosed herein comprises the amino acid sequence
according to SEQ 1D NO: 28 In some embodiments, the RTCR disclosed herein comprises
the amino acid sequence having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
5%, 97% or 99% identity to SEQ ID NO: 28.

In some embodiments, the RTCR disclosed herein comprises the amino acid sequence
according to SEQ D NO: 29, In some embodiments, the RTCR disclosed herein comprises
the amino acid sequence having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
953%. 97% or 99% dentity to SEQ ID NO: 29,

In some embodiments, the RTCR disclosed herein comprises the amino acid sequence
according to SEQ 1D NO: 30, In some embodiments, the RTCR disclosed herein comprises
the amino acid sequence having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 97% or 99% identity to SEQ ID NO: 30,

In some embodiments, the extracellular domain of the RTCR disclosed herein
comprises the amino acid sequence according to SEQ ID NQO: 31, In some embodiments, the
extracellular domain of the RTCR disclosed herein comprises the amino acid sequence
having at feast S0%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99%
identity to SEQ 1D NO: 31

In some embodiments, the RTCR disclosed herein comprises the amino acid seguence
according to SEQ ID NO: 32. In some embodiments, the RTCR disclosed herein comprises
the amino acid sequence having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 97% or 99% identity to SEQ ID NO: 32,

In some embodiments, the RTCR disclosed herein comprises the amino acid sequence
according to SEQ 1D NO: 33, In some embodiments, the RTCR disclosed herein comprises
the amino acid sequence having at least 50%, 55%, 60%%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 97% or 99% identity to SEQ ID NO: 33,

In some embodiments, the RTCUR disclosed herein comprises the amino acid sequence

according to SEQ 1D NO: 34, In some embodiments, the RTCR disclosed herein comprises
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the amino acid sequence having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
5%, 7% or 99% identity to SEQ ID NQ: 34,

In some embodiments, the RTCR disclosed herein comprises the amino acid sequence
according to SEQ 1D NO: 35, In some embodiments, the RTCR disclosed herein comprises
the amino acid sequence having at least 30%, 559%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 97% or 99% identity to SEQ I NO: 35

In some embodiments, the RTCR disclosed herein comprises the amino acid sequence
according to SEQ ID NO: 36. In some embodiments, the RTCR disclosed herein comprises
the amino acid sequence having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
5%, 97% or 99% identity to SEQ ID NO: 36.

In some embodiments, the RTCR disclosed herein comprises the amino acid sequence
according to SEQ D NO: 37, In some embodiments, the RTCR disclosed herein comprises
the amino acid sequence having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,

95%, 97% or 99% wdentity to SEQ 1D NO: 37,

2

In some embodiments, the RTCR disclosed herein comprises the amino acid sequence
according to SEQ 1D NO: 38, In some embodiments, the RTCR disclosed herein comprises
the amino acid sequence having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 97% or 99% identity to SEQ ID NO: 38.

In some embodiments, the RTCR disclosed herein comprises the amino acid seguence
according to SEQ 1D NO: 39, In some embodiments, the RTCR disclosed herein comprises
the amino acid sequence having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 97% or 99% identity to SEQ ID NO: 39,

In some embodiments, the RTCR disclosed herein comprises the amino acid sequence
according to SEQ 1D NO: 40. In some embodiments, the RTCR disclosed herein comprises
the amino acid sequence having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 97% or 99% identity to SEQ 1D NO: 40.

In some embodiments, the RTCR disclosed herein comprises the amino acid sequence
according to SEQ 1 NO: 41, In some embodiments, the RTCR disclosed herein comprises
the amino acid sequence having at least 509, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 0%,
95%, 97% or 99% identity to SEQ ID NO: 41,

In some embodiments, the RTCR disclosed herein comprises the amino acid sequence
according to SEQ 12 NQO: 42, In some embodiments, the RTCR disclosed herein comprises
the amino acid sequence having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 0%,

95%, 97% or 99% identity to SEQ ID NO: 42.
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In some embodiments, the RTCR disclosed herein comprises the amino acid sequence
according to SEQ 1D NO: 43, In some emnbodiments, the RTCR disclosed herein comprises
the amino acid sequence having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 83%, 90%,
95%, 97% or 99% identity to SEQ ID NO: 43

In some embodiments, the RTCR disclosed herein comprises the amino acid sequence
according to SEQ {1 NO: 44 In some embodiments, the RTCR disclosed herein comprises
the amino acid sequence having at least 50%, 35%, 60%, 65%, 70%, 75%., 80%, 85%, 0%,
5%, 97% or 99% identity to SEQ ID NO: 44,

In some embodiments, the RTCR disclosed herein comprises the amino acid sequence
according to SEQ 1D NO: 130, In some embodiments, the RTCR disclosed herein comprises
the amino acid sequence having at least 5096, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 20%,
95%, F7% or 99% identity to SEQ ID NG 130

In some embodiments, the RTCR disclosed herein comprises the amino acid sequence
according to SEQ ID NO: 131, In some embodiments, the RTCR disclosed herein comprises
the amino acid sequence having at least 50%, 55%, 60%, 05%, 70%, 75%, 80%, 85%, 0%,
5%, 97% or 99% identity to SEQ 1D NO: 131

In some embodiments, the RTCR disclosed hergin comprises the amino acid sequence
according to SEQ ID NO: 132, In some embodiments, the RTCR disclosed herein comprises
the amino acid sequence having at least 0%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,

95%, 97% or 99% identity to SEQ ID NO: 132

Table 5. Amino acid sequences of PD1 based recombinant T cell co-stimulatory receptor

(RTCR).

HILA-AZ Signal Peptide PDM Extracellular CD28 Transmembrane CD28 Signaling
Domain (Other names: PD-1-CD28 Domain Swap; HLA A2-SP-PD-1 28, HLA A2-8P-
PD-1 CD28 IS HLA A2-8P-PD-1 CD28; PDI CD28 or PD1.CD2E or PD1_28) (SEQ
1D NO: 24y

HLA-A2 Sigoal Peptide (italicized), PD 1 extracellular domain (1G-like V domain in bold
and stalk in bold and underlined), CD28 Transmembrane (underlined) and Intracellular
domain in double underline; and CD28 signal domain: Stalk (underlined and italicized),
transmembrane domain {(double underlined), intracellular domain (IC) (dashed underlined)

(SEQ ID NO: 10)
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MAVMAPRILVILLSGALALTOTWAFLDSPDRPWNPPTFSPALLVVTEGDBNATEFTCS
FSNTSESFVLNWYRMSPSNQTDKLAAVPEDRSQPGODCRIFRVTQLPNGRDFH
MSYVRARRNDSGTYLCGAISLAPKAQIKESIRAFLRYVTERRAEVPTABPSPRP
RPALFPGPSKFFWVLVVVGGVYLACYSLIVIVAFHFWVRSKRSRLEHSDYMNMIP

HELA-AZ Signal Peptide PD1 Exiracellular ICOS Transmembrane ICOS Signaling
Domain (Other names: PD-1-1COS Domain Swap; HLASP-PD-1-ICOS DS; HLA A2-5P-
PD-1_ICOS; PD-1-ICOS; PD-1:ICOS; PD1_ICOS) (SEQ ID NO: 25): HLA-A2 Signal
Peptide (italicized), PD 1 extracellular domain {(1G-like V domain in bold and stalk in bold
and underlined), ICOS Transmembrane (underlined) and Intracellular domain in double
underline; and ICGS domain: Stalk (underlined and italicized), transmembrane domain

{double underlined), intracellular domaio (IC) (dashed underlined)

MAYMAPRTIVIILSGALALTOTWAFLDSPDRPWNPPTFSPALLVVTEGBNATFTCS
FENTSESFVLNWYRMAPSNOTDKLAAFPEDRSOQPGODCRFRVTQLPNGRDYH
MSVVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVPTAHPSPSP

HLA-AZ2 Signal Peptide PD1 Extracellular ICOS Transmembrane ICOS Signaling
Domain_4-1BB Signaling Domain {(other names: PR HLASP-ICOS-4-1BB; HLA A2-5P-
PD-1_ICOS_BBwt; HLA A2-SP-PD-1_ICOS BB, HLA A2-SP-PD-1_ICOS_CD137,
HLA A2-8P-PD-1_ ICOS CD137 wt; PD1_ICOS BBwt, PDLICOSBBwt, PD1ICOSER)
(SEQ ID NG: 26): PD 1 extracellular domain in regular font; ICOS domain underlined; and
4-1BB domain ({137 signaling domain, wild type) in bold
MAVMAPRTLVLLLSGALALTOTWAFLDSPDRPWNPPTFSPALLVVTEGDNATFTC
SFSNTSESFVENWYRMSPSNQTDKLAAFPEDRSQPGQDCRFRVTQLPNGRDFHMS
VVRARRNDSGTYLCGAISLAPKAGIKESLRAEL RVTERRAEVPTAHPSPSPRPASOQL
CCOLKFWEPIGCAAFVYVOILGCILICWLTEKKYSSSVHDPNGEYMEMRAVNTAK
KSRETDVTLERGRKKLLYIFKQPFMRPVOTTQEEDGCSCRFPEEEEGGCEL

HE A-AZ Signal Peptide PD1 Extracellular ICOS Transmembrane ICOS Signaling
Domain_ Truncated 4-1BB Signaling Domain

(Other names: PD1 HLASP-ICOS-truncated 4-18BB; HLA A2-SP-PD-1-ICOS BBt HLA
A2-SP-PD-1 JICOS BBt HLA A2-SP-PD-1 ICOS truncated CD137; HLA A2-SP-PD-
1ICOS truncated CDI37 wi; PD1_ICOS_ BBt PDLICOSBBY) (SEQ ID NO: 27): PD 1
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extracellular domain in regular font; ICOS domain underlined; and truncated 4-1BB

{trancated CD 137 signaling domain in bold

MAVMAPRTLVLLLSGALALTOQTWAFLDSPDRPWNPPTFSPALLVVTEGDNATFTC
SESNTSESFVENWYRMSEPSNQTDKLAAFPEDRSOPGQDCRFRVTQLPNGRDEHMS
VVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVPTAHPSPSPRPASOL
CCOLKFWLPIGCAAFVVYVOILGCILICWL TR KK YSSSVHDPNGEYMEMRAVNTAK
KSRLTDVTLOPFMRPYQTTQEEDGCSCRFPEEEEGGCEL

HEA-A7 Signal Peptide PD1 Extracellular ICOS Transmembrane ICOS Signaling
Domain_ Truncated OX-40 Signaling Domain

{Other names: PD1 HLASP-ICOS -truncated OX40; HLA A2-SP-PD-1 ICOS OX40t,
HLA AZ-SP-PD-1_ICOS 40t HLA A2-SP-PD-1_ICOS_truncated CD134;

PD1 ICOS OX40: PDIICOS40t) (SEQ ID NO: 28): PD 1 extracellular domain in
regular fout: ICOS domain underlived; and troncated OX40 (fruncated CD 134 signaling

domain) in bold

MAVMAPRTLVELLSGALALTOTWAFLDSPDRPWNPPTFSPALLVVTEGDNATFTC
SESNTSESFVENWYRMSPSNOQTDKLAAFPEDRSOPGODCRFRVTQLPNGRDFHMS

YVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVPTAHPSPSPRPASQL
CCOLKFWLPIGCAATVVVCILGCILICWEL TKEKKYSSSVHDPNGEYMEMRAVNTAK

KSRLIDVILGGGSFRTPIQEEQADAHKSTLA

HLA-A2 Signal Peptide PD1 Extracellular ICOS Transmembrane 1COS Signaling
Domain (mini-CD28) Truncated 4-1BB Signaling Domain (Other names:

PD1_ICOS(28) BB, PD1 ICOS(28) truncated CD137, PD1:ICOS(28)-BBt or
PDLICOS(2B)BBE) (SEQ 1D NOG: 29): PD 1 extracellular domain in regular font; 1ICOS
{28) domain: ICOS portions are vnderiined and inserted CD28 portion bold and underline;

and truncated CD137 domain in bold

MAVMAPRTLVLLLSGALALTOTWAFLDSPDRPWNPPTFSPALLVVTEGDNATFTC
SESNTSESFVLNWYRMSPSNQTDKLAAFPEDRSQPGODCRFRVTQLPNGRDFHMS
CCOLKFWLPIGCAATVVYVOILGCILICWLTKKKYSSSVHDPNGEYMEMTPRRPGE
TREBYOPYAPPRAVNTAKKSRETDVILOPFMRPVOQTTQEEDGCSCRIPEEEEG
GCEL
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HELA-A2 Signal Peptide PD1 Extracellular ICOS Transmembrane IHCOS Signaling
Domain {mini-CD28) Truncated OX-40 Signaling Domain (Other names: HLASP-ICOS
DS-CD28(PRRP}-mutated CD134; PD1 ICOS(28) OX40t; PDT ICOS(28) 40t
PD1_ICOS(28) truncated CD134; PDLICOS(28)-0X40t PD1LICOS(28)0X401;
PD1ICOS(28)-40t or PD1:ICOS(28)40t) (SEG 1D NO: 30} PD 1 extracellular domain in
regular font; ICOS (28) domain: ICOS portions are underlined and inserted CD28 portion

bold and underline; and truncated €134 domain in bold

MAVMAPRTLVLLLSGALALTOTWAFLDSPDRPWNPPTFSPALLVVTEGDNATFTC
SFSNTSESFVLNW YRMSPSNQTDKLAAFPEDRSQPGQDCRFRVTQLPNGRDFHMS
YVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVPTAHPSPSPRPASQL
CCOLKFWLPIGCAAFVVVCHLGCILICWLTKKKYSSSVHDPNGEYMEMTPRRPGP
TREHYQPYAPPRAVNTAKKSRLIDVTLGGGSFRTPIQEEQADAHSTLA

PD1 Extracetiular (without HLA A2 Signal Peptide) (SEQ [D NO: 31)

FLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTSESFVENWYRMSPSNQTDKL
AAFPEDRSOPGQDCRFRVTOLPNGRDFHMSVYVRARRNDSGTYLCGAISLAPKAQT
KESLRAELRVTERRAEVPTAHPSPSPRPA

PD1 extracellular domain without signal peptide-CID28 domain swap (DS) (Other name;

PD1 28) (SEQ ID NO: 32)

FLOSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKL
AAFPEDRSOPGQDCRFRVTGLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQGT
KESLRAELRVIERRAEVPTAHPSPSPRPALFPOPSKPFWVLEVVVGGVLACYSLEVT
VAFIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHY(QPYAPPRDFAAYRS

PD1 extracellular domain without signal peptide-CD28 DS-CD137 domain (Other name:
PD1_28 BBwt) (SEQ ID NG: 333
FLDSPDRPWNPPTEFSPALLYVVTEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKL
AAFPEDRSQPGODCRFRVTCGLPNGRDFHMSVYRARRNDSGTYLCGAISLAPKAQI
KESLRAELRVTERRAEVPTAHPSPSPRPALFPGPSKPFWVLYVVGGVLACYSLLYT
VAFIFWVRSKRSRLULHSDYMNMTPRRPGPTREKHYQPYAPPRDFAAYRSKRGRKK
LEYFKQPFMRPVOQTTQEEDGCSCRFPEEBEGGCEL

PD1 extracellular domain without signal peptide-CD28 DS~ truncated CD137 domain
{Other name: PD1 28 BBt) (SEQ ID NO: 34)
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FLDSPDRPWNPPTPSPALLVVTEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKL
AAFPEDRSQPGODCRFRVTOLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQI
KESLRAFLRVTERRAEVPTAHPSPSPRPALFPOPSKPFWVLVVVGOGVLACYSLLVT
VAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTREKHYQPYAPPRDFAAYRSQPFMRP
VOTTQEEDGCSCRFPEEEEGGCEL

P extracellular domain without signal peptide-CD28 DS- truncated CD134 domain
{Other name: PD1 28 0X40t) (SEQ ID NO: 35)

FLDSPDRPWNPPTFSPALLVYVTEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKL
AAFPEDRSQPGODCRFRVTOLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQI
KESLRAELRVTERRAEVPTAHPSPSPRPALFPGPSKPFWYLVVVGGVLACYSLLVT
VAFIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAA YRSGGGSFRT
PIQEEQADAHSTLA

PD1 extracellular domain without signal peptide-ICOS DS (Other name: PD1_ICOS)
(SEG ID NO: 36)

FLDSPDRPWINPPTESPALLYVTEGDNATEFTCSFENTSESFVLNWYRMSPSNQTDKL
AAFPEDR SQPGODCRFRVTQLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQI
KESLRAELRVTERRAEVPTAHPSPSPRPASQLCCQLKFWELPIGCAAFVVVCILGCHLE
CWLTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTL

PD1 extracellular domain without signal peptide-ICOS DS- CDB137 {Other name:
PD1_ICOS BBwi) (SEQ ID NO: 37)

FLDSPDRPWNPPTFSPALLYVTEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKL
AAFPEDR SQPGODCRFRVTOQLPNGROFHMEVYRARRNDSGTYLCGAISLAPKAQI

KESLRAELRVTERRAEVPTAHPSPSPRPASQLCCQLKFWLPIGCAAFVVVCILGCILE
CWLTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLKRGRKKLL YTFKQPEFM
RPVOTTQEEDGUSCRFPEEEEGGCEL

PD1 extracelludar domain without signal peptide-1COS DS-truncated CD137 (Other name:

PD1_ICOS_BBt) (SEQ ID NO: 38)

FLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTSESFVENWYRMSPSNQTDKL
AAFPEDRSOPGQDCRFRVTGLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAGT
KESLRAELRVTERRAEVPTAHPSPSPRPASQLCCOQLKFWLPIGCAAFVVVCHL.GCILE
CWLTKKKYSSSVHDPNGEYMEFMRAVNTAKKSRLTDVTLQPFMRPVQTTQEEDGC
SCRFPEEEEGGCEL
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PD1 extracellular domain without signal peptide-ICOS DS-truncated CD134 (Other name :
PD1 _ICOS_OX40t (SEQ ID NGO: 39)

FLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFANTSESFVINWYRMSPSNQTDKL
AAFPEDRSOQPGQDCRFRVTOLPNGRDFHMSVYVRARRNDSGTYLCGAISLAPKAQI
KESLRAELRVTERRAEVPTAHPSPSPRPASQLCCQLEKFWLPIGCAAFVVVCILGCILE
CWLTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLUTBYTLGGGSFRTPIQEEQADA
HSTLA

PD1 extracellular domain without signal peptide-ICOS DS-CD28(PRRP)-truncated
CD137) (Other name: PD1_ICOS(28) BBt (SEQ 1D NO: 40)

FLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTSESFVINWYRMSPSNQTDKL
AAFPEDRSQPGQDCRFRVTGLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQG]

KESLRAELRVTERRAEVPTAHPSPSPRPASQLCCQLKFWLPIGCAAFVVVCILGCILE
CWLTKKKYSSSVHDPNGEYMEFMTPRRPGPTRKHY QPYAPPRAVNTAKKSRLTDY
TLOPFMRPYVOTTQEEDGCSCRFPEEEEGGCEL

P31 extracellular domain without signal peptide-1COS DS-CD28(PRRP)-truncated CD134
{Other name: PD1 ICOS(28) OX40t) (SEQ ID NO: 41)

FLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKL
AAFPEDRSQPGQDCRERVTOLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAGI
KESLERAELRVTERRAEVPTAHPSPSPRPASQLCCOLKFWLPIGCAAFVVVCIL.GCILE
CWLTKKKYSSSVHDPNGEYMEFMTPRRPGPTRKHYQPYAPPRAVNTAKKSRLIDY
TLGGGSFRTPIGEEGADAHSTLA

PD31 extracelludar dornain without signal peptide-ICOS DS-trancated CD 137 domain-
truncated CD2 signaling domain (Other name: P _ICOS BBeCD21) (SEQ ID NO: 42)

FLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTSESFVINWYRMSPSNQTDKL
AAFPEDRSOPGQDCRFRVTOLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQT
KESLRAELRVTERRAEVPTAHPSPSPRPASQLCCQLKFWLPIGCAAFVVVCILGCILE
CWLTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLQPFMRPVQTTQEEDGC
SCRFPEEEEGGCELONPATSQHPPPPPGHRSQAPSHRPPPPGHRVOHQPOKRPPAPS
GTQVHQOKGPPLPRPRVQPKPPHGAAENSLSPSSN

PD1 extracellular domain without signal peptide-ICOS DS-truncated CD137 domain-
truncated CD2 signaling domain (Other name: PD1_ICOS BBUILZRB(YLRQ) (REQ D
NO: 43)
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FLDSPDRPWNPPTPSPALLVVTEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKL
AAFPEDRSQPGODCRFRVTOLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQI

KESLRAETRVTERRAEVPTAHPSPSPRPASQLCCQLKEWLPIGCAAFVVVCILGCILE
CWLTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLOPFMRPYVOQTTOEEDGC
SCREPEEEEGGCELNCRNTGPWLKKVLKCNTPDPSKFFSQLSSEHGGDVOKWLSSP
FPSSSFSPGGLAPEISPLEVLERDKVTOLLPLNTDAYLSLQELGGQDPTHLVSYLRG

WVVIPPPLSSPGPGAS

PD1 extracelluiar domain without signal peptide-ICOS DS-truncated CD137 domain-
truncated CD2 signaling domain- IL-2 receptor binding (ILZRBYYLRQ) protein (Other
name: PD1_ICOS BBt CD2t IL2RB(YLRQ) (SEQ ID NO: 44)

FLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKL
AAFPEDRSQPGQDCRFRVTOLPNGRDFHMSVVRARRNDSGTYLCGAISLAPK A
KESLRAELRVTERRAEVPTAHPSPSPRPASQLCCOLKFWLPIGCAAFVVVCILGCILE
CWLTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLOPFMRPVOTTQEEDGC
SCRFPEEEEGGCELONPATSQHPPPPPGHRSQAPSHRPPPPGHRVOQHQPQKRPPAPS
GTOVHOQKGPPLPRPRVOQPKPPHGAAENSLSPSSNNCRNTGPWELKKVLEKCNTPDP
SKFFSQLSSEHGGDVOKWLSSPEPSSSFSPGGLAPEISPLEVLERDKVTQLLPLNTDA
YLSLOELOGODPTHLVSYLROWVVIPPPLESPGPQAS

HELA-A2 Signal Peptide PD1 Extracellular CD28 Transimembrane CD28 Signaling
Domain 4-1BB Signaling Domain (Other names: PD1 28 BBwt; PD1 28 BB;

PD1 CD28 BB;PD1 CD28 BB wt: PD1 CD28 CDI137; PD1:28BB; PD1:28BB wt;
P31:28-BB or PD1:28-BB wt) (SEQ D NO: 136)

MAVMAPRTLVELLSGALALTQTWAFLDSPDRPWNPPTFSPALLVVTEGDNATFTC
SFSNTSESFVLNWYRMSPSNOQTDKLAAFPEDRSOQPGODCRFRVTQLPNGRDFHMS
VVRARRNDSGTYLCGAISLAPKAQIKESLRAELRYVTERRAEVPTAHPSPSPRPALFP
GPSKPFWVLVVVGGVLACYSLLVTVAFOFWVRSKRSRLLHSDYMNMTPRRPGPT
RKHYQPYAPPRDFAAYRSKRGREKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEG
GCEL

HE A-A2 Signal Peptide PD1 Extracellular CD28 Transmembrane CD28 Signaling
Domain_Truncated 4-1BB Signaling Domain (Other names: PDI 28 BBt
PD1_CD28 BBt PD1_CD28 truncated CD137; PD1T28BBE or PD1:28-BBY) (REQ ID
NO: 130
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MAVMAPRTLVLLLSGALALTQTWAFLDSPDRPWNPPTFSPALLVVTEGDNATEFTC
SFSNTSESFVLNWYRMSPSNQTDKLAAFPEDRSQPGODCRFRVTQLPNGRDFEHMS
VVRARRNDSGTYLCGAISLAPKAQIKESLRAEI RVTERRAEVPTAHPSPSPRPALFP
GPSKPFWVLVVVGGVLACYSLLVTIVAFHFWVRSKRSRLLHSDYMNMTPRRPGPT
REKBYQPYAPPRDFAAYRSQPFMRPVOTTQEEDGCSCRFPEEEEGGUEL

HELA-AZ Signal Peptide PD1 Extracellular CD28 Transmembrane CD28 Signaling
Domain Truncated OX-40 Signaling Domain (Other names: PD1 28 OX40¢;
PD1 28 40t PD1_CD28 OX40t; PD1_CD28 40t PD-1_CD28_truncated CD134;
PD1:2840t; PD1:280X40t, PD1:20-0X40t or PD1:28-40t) (SEQ 1D NO: 132): PD1
Extracellular (with HLA-A2 Signal Peptide) CD28 Transmembrane CD28 Signaling

Domain_ Truncated OX-40 Signaling Domain

MAVMAPRTLVLLLSGAL ALTQTWAFLDSPDRPWNPPTFSPALLVVTEGDNATFTC
SESNTSESFVLNWYRMSPSNQTDKLAAFPEDRSQPGODCRFRVTQLPNGRDFHMS
VVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVPTAHPSPSPRPALFP
GPSKPFWVLVVVGGVLACYSLLVTVAFIIFWYRSKRSRULHSDYMNMTPRRPGPT
REKHYQPYAPPRDFAAYRSGGGSFRTRIQEEQADAHSTLA

Table & Amino acid sequences of third and fourth signaling domains of RTCR.

Human CD3 £ intracellular signaling domain (Other names: CD3Z (intracellular Signaling
Domainy, CD3Z) (SEQ ID NG: 45)
RVKFSRSADAPAYQOQGONQLYNELNLGRREEYDVLDERRGRDPEMGGKPQRRK
NPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MQOALPPR

Human CD3 7 signaling domain truncated (CD3 Z truncated domain) (Other names:
Human D3  signaling domain truncated 7, C133 £ truncated domain; C1D37t or Zt)
(SEQ ID NO: 46)
RVKFSRSADAPAYQOQGONGLYNELNLGRREEYDVLDKRRGRDPEMGGK

Human CD3 E signaling domain truncated (CD3 E truncated domain) (Other name:
Human CD3 ¢ signaling domain truncated; CD3 ¢ truncated domain; CD3Ef or Et (SEQ 1D
NG 47)

PVTRGAGAGGRORGONKERPPPVENPDYEPIRKGORDLYSGLNQRR]
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Human CD3 ZE signaling domain (CD3 ZE domain) {Other name: Human D3

Ce signaling domain; CD3 Cg domain; CD3ZE or ZE) (SEQ ID NO: 48)
RVKFSREADAPAYQOQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPVTRG
AGAGGRORGONKERPPPVPNPDYEPIRKGQRDLYSGLNORRI

CD2 wruncated Signaling Domain (Other name: CD2 or 2) (SEQ 1D NO: 49)
ONPATSQHPPPPPGHRSQAPSHRPPPPGHRVOHQPQKRPPAPSGTQVHOQKGPPLP
RP RVOPKPPHGAAENSLSPSSN

IL-2 receptor binding (ILZRB) protein Signaling Domain (YLRQ shown in bold) (Other
name: IL2ZRB(YLRQ) (SEQ ID NO: 503
NCRNTGPWELEKVLKCNTPDPSKFFSQLSSEHGGDVOKWLSSPEPSSSFSPGGLAPE]
SPLEVLERDKVTQLLPINTDAYLSLOELOQGODPTHLVSYLROQWVVIPPPLSSPGPQ
A5

In some embodiments, the extracellular domain is derived from CD19 binding
protein. In some embodiments, the CD 19 binding protein is a CI19 binding chimeric antigen
receptor (CAR). In some embodiments, the extracellular domain comprises the amino acid
sequence according to SEQ ID NO: 51, In some emmbodiments, the extracellular domain
comprises the amino acid sequence having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 97% or 99% identity to SEQ ID NO: 51

In some embodiments, the CD 9 binding chimeric antigen receptor comprises the
amino acid sequence according to any one of SEQ ID NOs: 52-69. In some embodiments, the
D19 bindivg chimeric antigen receptor comprises the amino acid sequence according to
SEQ ID NO: 52. In some embodiments, the CD19 binding chimeric antigen receptor
comprises the amino acid sequence having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 97% or 99% identity to SEQ ID NO: 52.

In some embodiments, the CD19 binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ ID NO: 53 In some embodiments, the CD19 binding
chimeric antigen receptor comprises the amino acid sequence having at least 30%, 55%, 60%,
65%, 70%, 75%, 80%, B5%, 90%, 95%, 97% or 99% identity to SEQ ID NO: 53

In some embodiments, the CD19 binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ 1D NO: 54, In some embodiments, the CID 19 binding
chimeric antigen receptor comprises the amino acid sequence having at least 50%, 55%, 60%,

65%, T0%, T5%, 80%, 85%, 90%, 95%, 97% or 99% identity to SEQ ID NO: 54,
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In some embodiments, the CI319 binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ ID NO: 55, In some embodiments, the CD19 binding
chimeric antigen receptor comprises the amino acid sequence having at least 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99% identity to SEQ ID NO: 55.

In some embodiments, the CD19 binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ ID NO: 56, In some embodiments, the CD19 biﬂding
chimeric antigen receptor comprises the aruino acid sequence having at least 50% s, 00%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99% identity to SEQ ID NO: 36,

In some embodiments, the CD19 binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ 1D NO: 537, In some embodiments, the CID 19 binding
chimeric antigen receptor comprises the amino acid sequence having at least 50%, 55%, 60%,

65%, T0%, 75%, 80%, 85%, 90%, 95%, 97% or 99% identity to SEQ ID NO: 57.

In some embodiments, the CD19 binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ 1D NO: 58, In some emsbodiments, the CD1S binding
chimeric antigen receptor comprises the amino acid sequence having at least 50%, 55%, 60%,
65%, 70%, 75%, 80%, 83%, 90%, 95%, 97% or 99% identity to SEQ ID NO: 38,

In some embodiments, the CID19 binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ ID NO: 59 In some embodiments, the CD19 binding
chimeric antigen receptor comprises the amino acid sequence having at least 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99% identity to SEQ ID NO: 59,

In some embodiments, the CD19 binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ ID NO: 60. In some embodiments, the CD19 binding
chirseric antigen receptor comprises the amino acid sequence having at least 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99% identity to SEQ ID NG: 60.

T some embodiments, the CD19 binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ ID NO: 61. In some embodiments, the CD19 binding
chimeric antigen receptor comprises the amino acid sequence having at least 50%, 55%, 60%,
65%, 70%, 75%, 80%, 83%, 90%, 93%, 97% or 99% identity to SEQ ID NO: 61.

In some embodiments, the CD9 binding chimeric antigen receptor comprises the
anino acid sequence according to any one of SEQ 1D NO: 62, In some embodiments, the
CD19 binding chimeric antigen receptor comprises the amino acid sequence having at least
50%, 55%, 60%, 65%, T0%, 75%, B0%, 85%, 90%, 95%, 97% or 99% identity to SEQ ID

NO: 62.
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In some embodiments, the CI319 binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ ID NO: 63, In some embodiments, the CD19 binding
chimeric antigen receptor comprises the amino acid sequence having at least 50%, 55%, 60%,
65%, 70%, 75%, 80%, 853%, 90%, 95%, 97% or 99% identity to SEQ ID NO: 63,

In some embodiments, the CD19 binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ 1D NO: 64, In some embodiments, the CD19 binding
chimeric antigen receptor comprises the aruino acid sequence having at least 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99% identity to SEQ ID NO: 64,

In some embodiments, the CD19 binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ 1D NO: 65, In some embodiments, the CD19 binding
chimeric antigen receptor comprises the amino acid sequence having at least 50%, 55%, 60%,
65%, T0%, 75%, 80%, 85%, 90%, 95%, 97% or 99% identity to SEQ ID NO: 65.

In some embodiments, the CD19 binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ 1D NO: 66. In sorue emabodiments, the CD19 binding
chimeric antigen receptor comprises the amino acid sequence having at least 50%, 55%, 60%,
65%, T0%, 75%, 80%, B3%, 90%, 95%, 97% or 99% identity to SEQ I3 NG 66.

In some embodiments, the CID19 binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ ID NO: 67 In some embodiments, the CD19 binding
chimeric antigen receptor comprises the amino acid sequence having at least 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99% identity to SEQ ID NO: 67.

In some embodiments, the CD19 binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ ID NO: 68. In some embodiments, the CD19 binding
chirseric antigen receptor comprises the amino acid sequence having at least 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99% identity to SEQ I NO: 68.

T some embodiments, the CD19 binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ ID NO: 69. In some embodiments, the CD19 binding
chimeric antigen receptor comprises the amino acid sequence having at least 50%, 55%, 60%,

65%, T0%, 75%, $0%, 85%, 90%, 95%, ¥7% or 99% identity to SEQ ID NO: 69,
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Table 7: Armivno actd sequences related to CD19 CAR based RTCR.

{19 binding extraceliular domain, FMC63scFV (Other name: CD19) (SEQ ID NO: 51
CD8a leader/signal peptide (bold, SEQ D2 NG: 117) and CD8a Hinge (underlined, SEQ 1D
NO: 118) [FMCo3 seFV (CD8a Leader Light Chain Linker Heavy Chain CD8a Hinge}]

MALPVTALLLPLALLLHAARPDIOMTOTTSSLSASLGDRVTISCRASODISKYLN
WYQQKPDGTVKLLIYHTSRLHSGVPSRESGSGSGTDY SLTISNLEQEDIATYFCQQ
GNTLPYTFGOGGTRLEITGGGGSGGGOSGGGGSEVRKLOESGPGLVAPSQSLEVICTY
SGVSLPDYGVSWIRQPPRKGLEWLGVIWGSETTYYNSALKSRLTHKDNSK SQVFL
KMNSLOTDDTAIYYYCAKHYYYGGSYAMDYWGQGTSVTVSSTITPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHIRGLDEAC

CD19 (FMC63 scFV) CD8a Transmembrane 4-1BB Signaling CD3Z chimeric antigen
receptor ({CAR) (Other names: FMC63scFV BB Z;, CD19 BB 7; CDI9 BBwt Z;
CD19o CDI37_7Z, CD19-BBZ; or CDI9:BBZ) (SEQ ID NO: 52): CD19 binding

extraceliutar domain (underlined)-CD137 intracellular domain-CD3L signaling domain

MALPYTALLEPLALLLHAARPDIOMTOTTSSLSASLGDRVTISCRASODISKYLNW
YOOKPDGTVKLLIYHTSRLHSGYVPSRESGSGSGTDY SLTISNLEOEDIATYFCOQOGN
TLRY TRGOGITRLEITOGGOGSGHGHSGUOGSEVRLOESGPGLVARSQSLSVICTVRG
VSLPDYGYVSWIROPPRKGLEWLGVIWGSETTY YNSALKSRETHKDNSKSQVELEM
NSLOTDDTAIYYCARHYYYOGSYAMDYWGOOGTSVIVSSTTTPAPRPPTIPAPTIAS
OPLSLRPEACRPAAGCGAVHTIRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGR
KELLYWFKOPFMRPVQTTOEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQGQON
QLYNELNLGRREEYDVIDKRRGRDPEMGGKPQRREKNPGEGLYNELQKDKMAFEA
YSEIGMEGERRRGKGHDGLYQGLSTATEDTYDALHMQALPPR

CD19 (FMC63 scFV) CD28 Transmembrane CD28 Signaling CD3Z CAR (Other names:
FMC63scFV 28 7. CD319 28 2, CDI19 CD28 Z; CDI19 287 or CD19-287 or
CD19:2823 (SEQ ID NG: 53): CD19 binding extracellular domain (underlined)-CD28 DS-

CD3E signaling domain
MALPVTALLLPLALLLHAARPDIOMTOTTSSLSASLGBRVTISCRASODISKYLNW
YOORPROTVKLLIYHTSRLHSGYPSRESGSGSGTIDYSLTISNLEQEDIATYFCOOGN
TLEYTEGGGTKLEITGGGGSGGGGSGOGGSEVKLOESGPGLVAPSQSLSVICTVSG

VSLPDYGYSWIROPPRKGLEWLOVIWGSETTYYNSALKSRETHKDNSKSOVELEM
NSLOTDDTAIYYCAKHYYYGGSYAMDYWGOGTSVIVSSTTITPAPRPPTPAPTIAS
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QPLSLRPEACRPAAGGAVHTRGLDFACLFPGPSKPFWVLVVVGGVLACYSLLVTV
AFIIFWVRSKRSRLLHSDYMNMTPRRPGPTREHYQPYAPPRDFAAYRSRVKESRSA
DAPAYQQGONQLYNELNLGRREEYDVIEDKRRGROPEMGGKPQRREKNPQEGLYN

ELOQRKDEMAYAYSEIGMEGERRRGEKGHDGLYQGLSTATKDTYDALHMQALPPR

CD19 (FMC63 scFV) CD28 Transmernbrane CD28 Signaling 4-1BB Signaling CD37Z
CAR (Other names: FMC63scFV 28 BBwt Z; CD19 CD28 BB Z: CD19 28 BBwt Z;
CD19-28BBwt_Z; CD19-28BBZ; or CD19:28BBZ) (SEQ ID NO: 54): [CD19 binding
extracellular domain (underlined)-CD28 DS-CD137 intraceliular domain-CR3( signaling

domain

MALPYTALLLPLALLLBAARPDIOMTOTTSSLSASLGDRVTISCRASODISKYLNW
YOOKPDGTVKLLIYHTSRLHSGYPSRESGSGSGTDY SLTISNLEOEDIATYFCOOGN
TERY TRGOGTRLEITGGGGSGHGHSGGHGSEVRLOESGPGLVARPSQOSLSVTICTVRG
VSLPDYGVSWIRGPPRKGLEWLGVIWGSETTY YNSALKSRETHKDNSKSQVELKM
NSLOTDDTAWYCAKHYYYOGSYAMBDYWGOGTSVIVSSTTTPAPRPPTPAPTIAS
OPLSLRPEACRPAAGOGAVHIRGLDFACLFPGPSKPFWVEVVVGGVYLACYSLLVTVY
AFIIFWVRSKRSRLLHSDYMNMTPRRPGPTREHYQPYAPPRDFAAYRSKRGREKL
LYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGUELRVKFSRSADAPAYQQGONQLY
NELNLGRREEYDVLDKRRGRDPEMGGKPORRKNPOEGLYNELQKDKMAEAYSE]L
GMKGERRRGEKGHDGLYQGLSTATKDTYDALHMOQALPPR

CD9 (FMCO3 scFV) CD28 Transmembrane CD28 Signaling 4-1BB truncated
Signaling CD3Z CAR (Other names: FMC63scFV 28 BBt Z; CD19 CD28 BBt 7;
CDI19 28 BBt Z; CD319-28BBt Z; CD19-288BBtZ or CI319:288Bt7) (SEQ ID NO: 55):
[1CD19 binding extracellular domain {underlined)-CD28 DS-truncated CD137

intraceliular domam-CID3 signaling domain

MALPVTALLLPLALLLHAARPDIOMTOTTSSLSASLGDRVTISCRASODISKYLNW

YOOKPDGTVKLLIYHTSRLHSGYPSRESGSGSGTDY SLTISNLEOEDIATYFCOQGN
TLPYTFGGGTKLEITGGGGSGGGGSGGGGSEVKLOESGPGLYAPSOSLSVICTVSG
VSLPDYGVSWIROPPREGLEWLGVIWGSETTY YNSALKSRLTIKDNSKSOVFLKM
NSLOTDDTAIYYCAKHYYYGGSYAMDYWGOGTSVTVSSTTTPAPRPPTPAPTIAS

OPLSLRPEACRPAAGGAVHTRGLDFACLFPGPSKPFWVLVVVGGVLACYSLLVTY
AFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSQPEMRPY

QTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQGONQLYNELNLGRREEY




WO 2022/147525 PCT/US2022/011103
64

DVLDKRRGRDPEMGGKPQRREKNPOEGLYNELQKDKMAEAYSEIGMKGERRRGK
GHDGLYQGLSTATKDTYDALHMQALPPR

CDI9 (FMCH3 sclVy CD28 Transmembrane CH28 Signaling OX-40 Truncated
Signaling CD3Z2 CAR (Other names: FMC63scFV 28 OXd40t Z;
CD19_CD28_OX40t 7, CDI9 28 OX40t Z: CDI9 28 OXA40iZ, CD19 28 40t 7
CD19 28 40172, CD19-2840t7 or CD19:2840t7) (SEQ D NO: 56): CD19 binding
extracelular domain (underlined)-CD28 DS-truncated CD134 intraceliular domain-

CD3( signaling domain

MALPYVTALLLPLALLLHAARPDIOMTOTTSSLSASLGDRVTISCRASQDISKYLNW
YOOKPDGTVEKLLUIYHTISRLHSGYPSRESGGSGTDY SLTISNLEQEDIATYFCOOGN
TLPYTFGGGTRLEITGOGGSGGGOSGOGGSEVKLOESGPGLVAPSOSLSYICTVSG
VSLPDYGVSWIRGPPREKGLEWLGVIWGSETTYYNSALKSRELTHRDNSKSQVFLKM
NSLOTDDTAIYYCAKHYYYGGSYAMDYWGOGTSVIVSSTTTPAPRPPTPAPTIAS
QPLSLRPEACRPAAGGAVHIRGLDEFACLFPGPSKPFWVLYVVGGVLACYSLLVTV
AFHFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSGGGSFRTP
IQEEQADAHSTLARVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGR
DPEMGGKPOQRRENPQEGLYNELOQKDKMAEAYSEIGMKGERRRGKGHDGLYQGL
STATKDTYDALHMOQALPPR

CDI9 (FMC63 scFV) ICOS Transmembrane ICOS Signaling CD3Z CAR {Other names:
FMC63scFV ICOS Z: CD19 ICGS 7, CD19 ICO8Z, CD19-ICOS8Z or CI9:ICO87)
{SEQ ID NO: 57y [{(CD19 binding extracellular domain (underlined)- ICOS DS -

CD3( signaling domain)

MALPVTALTLPL AT T HAARPDIOMTOTTSSUSASLGDRVTISCRASODISKYT NW

YOOKPDOGTIVEKLLUIYHTSRLHSGYPSRESGRGEGTDY SLTISNLEQEDIATYFCOOGN
TLPYTFGGGTKL EITGOGGSGGGOSGOGGSEVKLOESGPGLVAPSOST SYTICTVSG
VALPDYGVSWIRGPPREKGLEWLOYVIWGSETTYYNSALKSRETHKDNSKSQVELKM
NSLOTDDTAIYYCAKHYYYGOGSYAMBYWGOGTSVTIVSSTTTPAPRPPTPAPTIAS
OPLSLRPEACRPAAGGAVHIRGLDFACSQLCCQLEKFWLPIGCAAFVYVCILGCILIC
WETKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDYTLRVKFSRSADAPAYQQG
OQNQLYNELNLGRREEYDVLDERRGRDPEMGGEPQORRENPQEGLYNELQKDKMA
FEAYSEIGMEKGERRRGKGHDGLYQGLSTATEDTYDALHMQALPPR
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CD19 (FMC63 scFV) ICOS Transmembrane ICOS Signaling 4-1BB Signaling CD3Z
CAR (Other names: FMC63s¢FV _ICOS BBwt Z; CD19 1COS BB 7

CD1O 1COS BBwt Z; CDI19-ICOSBBwt Z; CD19-ICOSBBZ or CD19:ICOSBBY)
(SEQ ID NQO: 583 [1 CD19 binding extracellular domain {onderdined)- ICOS DS -CD137

intracelhular domain-CD3( signaling domain

YOORPROGTVKLLIYHTSRLHSGVPSRESGSGSGIDYSLTISNLEGEDIATYFCOOGN

TLPYTEGGGTKLEITGGGGSGGGGSGGGOSEVKLOESGPGLVAPSQSLSVICTVSG

VSLEDYGY SWIROPPRKGLEWLGVIWGSETTYYNSALKSRETHKDNSKSOVELEM
NSLOTDDTAINYCAKHYYYGGSYAMDYWGOGTSVIVSSTTTPAPRPPTPAPTIAS
QPLSERPEACRPAAGGAVHTRGLDFACSQLCCQLKEFWLPIGCAAFVVVCILGCILIC
WLTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLEKRGRKKLLYIFKQPFMR
PVQTTQEEDGCSCRIPEEEEGGCELRVKFSRSADAPAYQOQGONQLYNELNLGRRE
EYDVLDKRRGRDPEMGGKPORRKNPQEGLYNELOQKDKMAEAY SEIGMKGERRR
GRKGHDGLYQGLSTATKDTYDALHMQALPPR

CD19 (FMC63 scFV) ICOS Transmembrane ICOS Signaling 4-1BB Truncated
Signaling CD3Z CAR (Other names: FMC63scFV _ICOS BBt Z: CD19% ICOS BBt Z;
CD19-ICOSBBtZ or CD19:ICCSBBZ) (SEG ID NO: 59): [} CD19 binding extracellular
domain (underfined)- ICOS DS -truncated CD137 intracellular domain-CD3E signaling

domain

YOOKPDGTVKLLIYHTSRLHSGYPSRESGSGSGTDY SLTISNLEQEDIATYFCOQGN

TEPYTFGGGTELEITGGOGSGGGGSGEGGSEVKL OESGPGL VAPSOSLSVICTVSG

VALPRDYGVSWIRGPPRKGLEWLOGYIWGSETTY YNSALKSRETHKDNSKSOQVILKM
NSLOTDDTAIVYCAKHYYYGGSYAMDYWGOGTSYTVSSTTTRPAPRPPTPAPTIAS
QPLSLRPEACRPAAGGAVHTIRGLDFACSQLCCQLKFWLPIGCAAFVYVCILGCILIC
WLTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLQPFMRPVQTTGEEDGCS
CRFPEEEEGGCELRVKFSRSADAPAYQOGONOQLYNELNLGRREEYDVLDKRRGR
DPEMGGKPOQRRENPQEGLYNELOQKDKMAEAYSEIGMKGERRRGKGHDGLYQGL
STATKDTYDALHMOQALPPR
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CD19 (FMC63 scFV) ICOS Transmembrane ICOS Signaling OX-40 Truncated
Signaling D37 CAR (Other names: FMC63scFV _ICOS 0OX40t 7

CD19 ICOS OX40t Z; CD19 ICOS 40t Z; CD19 ICOS OX40tZ; CD19 ICOS 4017,
CDI9-ICOS40tZ or CDISICOS40LZ) (SEQ 1D NO: 60): CD19 binding extraceltular
domain (underlined)- ICOS DS —runcated CD134 intracettular domain-CD3E signaling

domain

MALPVTALLLPLALLLHAARPDIOMTOTTSSLEASLGDRVTISCRASODISKYLNW
YOOKPDOTVEKLLIYHTSRLHSGVPSREFSGSGSGTDY SLTISNLEQEDIATYFCOQGN
TERPYIRGGUIRLEITGGGUSGGHGSGLGGSEVRLOQESGPGLVAPSOSLSYTCTVSG
VSLPBYGVSWIRQPPRKGLEWLGVIWGSETTY YNSALKSRE THKDNSKSOVELKM
NSLOTDDTAIYCAKHYYYGOSYAMDYWGOGTSVIVSSTITPAPRPPTPAPTIAS
OPLSLRPEACRPAAGGAVHTRGLDFACSQLCCQLEKFWLPIGCAAFVVVCILGCILIC
WLTKEKKYSSSVHDPNGEYMEMRAVNTAKKSRLTDVTLGGGSERTPIQEEGADAH
STLARVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPQ
RRENPQEGLYNELOKDEKMAFAYSEIGMEGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPR

CR19 (FMC63 scF V) ICOS Transmembrane ICOS Signaling (mint CD238

Signaling) CD3Z CAR (Other names: FMC63scFV _ICOS(28) Z; CDI9 1COS(28) 7,
CD19-ICO8(28) Z; CDI19-1COS(28)2 or CROICOS{28)2) (SEQ 1D NO: 61) [ CD19
binding extracellular domain (underlined)- ICOS DS-CD28(PRRP)-CD3( signaling

domain}

MALPYVTALLLPLALL L HAARPDIOMTOTTSSLSASLGDRVTISCRASODISKYT NW

YOOKPDGTVKLLIYHTSRLHSGYPSRFSGSGSGTDY SLTISNLEQEDIATYFCOOGN
TLPYTFGGGTELEITGGGGSGGGGSGGGGSEVKLOESGPGLVAPSOSLSVICTVSG
VSLPDYGVSWIRQPPREKGLEWLGVIWGSETTY YNSALKSRLTIIKDNSK SOVFLKM
NSLOTDDTAIYYCAKHYYYGGSYAMDYWGOGTSVIVSSTTTPAPRPPTPAPTIAS
OPLSLRPEACRPAAGGAVHTRGLDFACSOLCCQLEFWLPIGCAAFYVVCILGCILIC
WLTKKKYSSSVHDPNGEYMFMTPRRPGPTRKHYQPY APPRAVNTAKKSRLTDVT
LRVKFSRSADAPAYOQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPORRK
NPOEGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MQALPPR

CDI9 (FMC63 scFV) ICOS Transmembrane ICOS Signaling (mini CD28 Signaling) 4-

1BB Truncated Signaling CD3% CAR {Other names: FMC63scFY _ICOS{(28) BBt Z;
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CD19 ICOS(28) BBt Z; CDI9 _ICOS(28) BBiZ; CD19-ICOS(28)BBZ or
CDISICOSQRBEW) (SEQ ID NG: 62): (CD19 binding extracellular domain
{underlined)- ICOS DS-CD28(PRRP»truncated CD137 intracellular domain-

CD3E signaling domain}
MALPVTALLLPLALLLHAARPDIOMTOTTSSLSASLGDRVTISCRASQDISKYLNW
YOOKPDOTYVKLLIYHTSRLHSGYPSRESGSGSGTDYSLTISNLEQEDIATYFCOQGN

ILPYTEGGGTRLEITCGGOGSGGOOSCGGOGOSEVELOESGPGL YAPSOSLSVICTYSG

VSLEBYGYSWIROPPRKGLEWLGVIWGSETTY YNSALKSRETHKDNSKSQVELEM
NSLOTDDTATYYCAKHYYYGGSYAMDYWGOGTSVIVSSTITPAPRPPTPAPTIAS
OPLSLRPEACRPAAGGAVHTRGLDFACSQLCCOLKFWLPIGCAAFVVVCILGCILIC
WLTKKKYSSSVHDPNGEYMFMTPRRPGPTRKHYQPYAPPRAVNTAKKSRLTDVT
LOPFMRPVQTTQEEDGCSCRIPEEEEGGCELRVKFSRSADAPAYQQGONQLYNEL
NLGRREEYDVLDKRRGRDPEMGGKPORRENPQEGLYNELQKDKMAEAY SEIGM
KGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

COI9 (FMCH3 scF V) ICOS Travsmewbrane JCOS Signaling (mint CD23

Signaling) OX-40 Truncated Signaling CD3Z CAR (Other names:

CDI9 ICOS(28) OX40tZ; CD19_ICOS(28) 40t Z; CDI9 ICOS(28) 4017, CD19-
ICOS(28)4012 or CR19ICOS(2R)40t7) (SEQ ID NO: 63): CD19 binding extracetiuiar
domain (undertined)- ICOS DS-CDZEPRRP)-truncated CD134 intracellular domain-

CD3( signaling domain

MALPVTALLEPLALLLHAARPDIOMTOTTSSLSASLOBRVTISCRASODISKYLNW
YOOKPDGTVKLLIYHTSRLHSGVPSRESGSGSGTDY SETISNLEOEDIATYFCQOGN
TLEYTEGGGIKLEITGGGGSGHGOSGGGOSEVKLOESGPGLVAPSQSLSVICUTVSG
VSLPDYGVSWIRGPPRKOGLEWLGVIWGSETTY YNSALKSRE THKDNSKSQVEFLKM
NSLOTDDTAINY CAKHY Y YOGSYAMBDYWGOOGTSVIVSSTTTPAPRPPTIPAPTIAS
OPLSLRPEACRPAAGGAVHTRGLDFACSQLCCOLKFWLPIGCAAFVYVVCILGCILIC
WLTKKKYSSSVHDPNGEYMFMTPRRPGPTRKHYQOPYAPPRAVNTAKKSRLTDVT
LGGGSFRIPIQEEQGADAHSTLARVKFSRSADAPAYQQGONQLYNELNLGRREEYD
VEDERRGRDPEMGGKPORRKNPOEGLYNELQEDEMAEAYSEIGMKGERRRGKG
HDGLYQGLSTATKDTYDALHMQALPPR
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CD19 ICOSBBt Zt CAR (CD19 binding extraceliular domain- ICOS DS-truncated
D137 intracellular domain- CD3Ztruncated domain} CAR {Other names:

FMC63scHY ICOS BBt 7t CD19 1ICOS BBt Zt; CD19-ICOSBBtZt or
CDISICOSBREL) (SEQ 1D NO: 64): CD19 binding extraceliular domain (underdined)-

ICOS DS-truncated CD137 intracellular domain- CD3L tmncated domain

YOORPROGTVKLLIYHTSRLHSGVPSRESGSGSGIDYSLTISNLEGEDIATYFCOOGN

TLPYTEGGGTKLEITGGGGSGGGGSGGGOSEVKLOESGPGLVAPSQSLSVICTVSG

VSLEDYGY SWIROPPRKGLEWLGVIWGSETTYYNSALKSRETHKDNSKSOVELEM
NSLOTDDTAINYCAKHYYYGGSYAMDYWGOGTSVIVSSTTTPAPRPPTPAPTIAS
QPLSERPEACRPAAGGAVHTRGLDFACSQLCCQLKEFWLPIGCAAFVVVCILGCILIC
WLTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLOPFMRPVOTTQEEDGCS
CRFPEEEEGGUELRVEKFSRSADAPAYQOQGONQLYNELNLGRREEYDVLDKRRGR
DPEMGGK

D19 ICO8BBt ZE CAR (CD19 binding extracellular domain- ICOS DS -truncated
CD137 wtracellular domain- CD3ZE domain) (Other names:

FMC63scHFY _ICOS BBt ZE, CD19 CBI19-ICOSBBIZE IC0OS BBt ZE; or
CDIOICOSBBIZE) (SEQ ID NQ: 65y CD19 binding extracellular domain {underlined)-

ICOS DS ~truncated CD137 intraceliular domain- CD3%s domain

MALPVTALLLPLALLLHAARPDIOMTOTTSSLSASLGDRVTISCRASQDISK YL NW
YOORPROGTVKLLIYHTSRLHSGVYPSRESGSGSGTIDYSLTISNLEGEDIATYFCOOGN

TEPYTFGGGTRLEITGGOGSGGGGSGOGGSEVELQESGPGLVAPSQSLSVTCTVSG

VSLPDYGYVSWIROPPRKGLEWLOGVIWGSETTY YNSALKSRUTHKDNSKSOVELEM
NSLOTDDTAINYCAKHYYYGGSYAMDYWGOGTSVIVSSTTTPAPRPPTPAPTIAS
QPLSLRPEACRPAAGGAVHTIRGLDFACSOQLCCQLKEWLPIGCAAFPVVVCILGCILIC
WLTKKKYSSSVHDPNGEYMFMRAVNTAKKSRELTDVTLOPFMRPVOTTQEEDGCS
CRFPEEEEGGCELRVEFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGR
DPEMGGKPVTRGAGAGGROQRGONKERPPPVPNPDYEPIRKGORDLYSGLNQRRI

CD19 ICOSBBuCD2t Z CAR{CD19 binding extracellular domain- ICOS DS -truncated
CD137 intraceliular domain- CD2 truncated Signaling Domain -CD3 domain) CAR (Other
names: FMC63scFV _ICOS BBt CD2tZ; CD19 1COS BBt CD2t Z;

CD1o 1COS BBt CD2tZ; CD19 ICOS_BBtCD2tZ; CD19-ICOSBBICD2tZ or
CDIOICOSBBICD2Y) (SEQ ID NO: 663 CD19 binding extracethular domain
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{underlined}- ICOS DS -truncated CD 137 intraceliular domain- CD2 truncated Signaling

Domain ~-CD3 domain

MALPYTALLEPLALLLHAARPDIOMTOTTSSLSASLGDRVTISCRASODISKYLNW
YOOKPDGTVKLLIYHTSRLHSGYPSRFSGSGSGTDYSLTISNLEQEDIATYFCOQGN
TLPYTFGGGTKLEITGGGGSGGGOSGGGGSEVKLOESGPGLVAPSOSLSVICTVSG
VSLPDYGVSWIRQGPPRKGLEWLGVIWGSETTY YNSALKSRETIKDNSKSOVELKM
NSLOTDDTAIYYCAKHYYYGGSYAMDYWGOGTSVTVSSTTTPAPRPPTPAPTIAS
OPLSLRPEACRPAAGGAVHTRGLDFACSOLCCOLKFWLPIGCAAFVYVCILGCILIC
WLTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLOPFMRPVQTTQEEDGCS
CRFPEEEEGGCELONPATSQHPPPPPGHR SQAPSHRPPPPGHR VOHQPOKRPPAPSG
TQVHQGKGPPLPRPRVQPKPPHGAAENSLSPSSNRVKFSRSADAPAYQQGQNQLY
NELNLGRREEYDVLDKRRGRDPEMGGK PQRRKNPOEGLYNELOKDKMAEAYSE
GMKGERRRGKGHDGLYQGLSTATKDTYDALHMGQALPPR

CD19 ]COSBBuCD2t ZE CAR (CD19 binding extracellular domain~ [COS DS -
truncated C2137 intracellular domain- CD2 truncated Signaling Domain -CD3ZE domain)
{Other names: FMC63scFV ICOS BBt CDNUZE CAR CD19 ICOS BBt CD2UZE;
CD19_ICOS BBt CD2t ZE; CDI9 ICOS BBt 2tZE; CD19_ICOS_BBt 2t ZE; CDI9-
ICOSBBCD2ZE, CR1S-ICOSBB12IZE, CDISICOSBBICDUZE or
CDI9ICGSBBRZE) (SEQ ID NO: 67y CD19 binding extracellular domain (underlined}-
ICOS DS -truncated CR 137 intracellular domain- CD2 truncated Signaling Dorain -

C3Cs domain

MALPVTALLIPLALLLHAARPDIOMTOTTSSLSASI GDRVTISCRASODISKYTLNW
YOORPDGTVRKLLIYHTSRLHSGYPSRESGSGSGTDYSLTISNLEQEDIATYFCQOGN

TEPYTFGGGTKLEITGGGGSGGGGSGGGGSEVKLOESGPGEL VAPSQSLSVTCTVSG

VSLEDYGYSWIROPPRKGLEWLGVIWGSETTY YNSALKSRUTHKDNSKSOVELEM
NSLOTDDTAIVYCAKHYYYGGSYAMDYWGOGTSVIVSSTTTPAPRPPTPAPTIAS
OPLSERPEACRPAAGUAVHTIRGLDFACSQLCCQLKFWLPIGCAAFVVVCILGCILIC
WLTKKKYSSSVHDPNGEYMFMRAVNTAKKSRUTDVTLOPFMRPVOTTQEEDGCS
CRFPEEEEGGCELONPATSQHPPPPPGHRSQAPSHRPPPPGHRVOHOPOKRPPAPSG
TQVHQQKGPPLPRPRVQPKPPHGAAENSLSPSSNRVKFSRSADAPAYQQGONQLY
NELNLGRREEYDVLDKRRGRDPEMGGKPVTRGAGAGGRORGONKERPPPVPNPD
YEPIRKGORDLYSGLNYRH{QRRI
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CD19 ICOSBBUILZRB(YLRQ) Z CAR (CDI19 binding extracellular domain- ICOS DS -
truncated CD 137 intracellular domain- IL2ZRB{YLRQ) domain ~CD37Z domain} (Gther
names: FMC63s5cFV ICOS BBt IL2RB(YLRQ) Z CAR

CD19_ICOS_BBi IL2RB(YLRQ)Z: CD19_ICOS BBt IL2RB(YLRQ) 7,

CD19 ICOS BBHL2RB(YLRGZ; CDIS-ICOSBBUHL2RB(YLRGQ)Y or
CDISICOSBRUILZRB(YLRQ)Z) (SEG ID NO: 68): CD19 binding extracellular domain
{underdined)- ICOS DY ~truncated CD137 intracellular domain- H.2RB{YLRE) domain -
CD3( domain)
MALPVTALLLPLALLLHAARPDIOMTOTTSSLSASLGDRVTISCRASQDISKYLNW
YOORKPROTVKLLIYHTSRLHSGYPSRESGSGSGTIDY SLTISNLEQEDIATYFCOOGN
TLPYTEGGGTKLEITGGGGSGGGGSGGGOSEVELQESGPGL VAPSQSLSVTICTVSG
VLY GV SWIROPPRKGLEWLOVIWGSETTY YNSALKSRLTUKDNSKSOVELEM
NOLOTDDTATYYCAKHYYYOGGSYAMDYWGOGTSVTVSSTTTPAPRPPTPAPTIAS
QPLSERPEACRPAAGOAVHTIRGLDFACSQLCCOLKFWLPIGCAAFVVVCILGCILIC
WLTKKKYSSSVHDPNGEYMEFMRAVNTAKKSRLTDVTLOPFMRPVQTTQEEDGCS
CREPEEEEGGCELNCRNTGPWLKKVLKCNTPDPSKFFSQLSSEHGGDVOKWLSSPF
PSSSFSPGGLAPEISPLEVLERDKVTQLLPLNTDAYLSLOQELQGODPTHLVRVKFSR
SADAPAYQOQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPOQRRIKNPQEGL
YNELOQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDAYRHOQALPP
R

CDI9 ICOSBBUIL2RB(YLRO) ZE CAR (CD19 binding extracellular domain- ICOS DS
-truncated CI3137 intraceliufar domain- H.2ZRB(YLRQ} domain -CD3ZE domain) CAR
(Other names: FMC63scFV ICOS BBt L2RB(YLR() ZE

CD19 ICOS_BBt JLZRB(YLRQ) ZE; CD19_ICOS BBAL2RB(YLRQ)ZE, CD19-
ICOSBBtH 2ZRB(YLRQ)ZE or CD19:ICOSBBUL2RB(YLRQ)ZE) (SEQ ID NO: 69}
D19 binding extracellolar domain Qunderlined)- ICOS DS -truncated CD137 intracelludar
domain- ILZRB(YLRQ) domain -CD3{s domain
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MALPVTALLEPLALLLHAARPDIOMTOTTSSI SASTGDRVTISCRASQODISK YL NW
YOOQEPDGIVKLLIYHTSRLHSGYPSRESGSGSGTDYSLTISNLEQEDIATYFCOOGN
TEPYTPGGGTRLEITGGOGSGOGESGGOGSEVEL QESGPGL VAPSQSLSVTCTVSG
VSLPDYGYSWIROPPRKGLEWLOVIWGSETTYYNSALKSRE THKDNSKSOVFLEM
NSLOTDDTAIYYCAKHYYYGGSYAMDYWGOGTSVIVSSTTITPAPRPPTPAPTIAS
QPLSLRPEACRPAAGGAVHTIRGIDFACSQLCCOQLKFWLPIGCAAFVYVVCILGCILIC
WLTRKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLQPFMRPVOQTTOQEEDGCS
CRFPEEEEGGCELNCRNTGPWLKKVLKCNTPDPSKEFSQLSSEHGGDVOKWLSSPF
PSSSESPGOLAPEISPLEVLERDKVTOQLLPENTDAYLSLOELQGODPTHLVRVKEFSR
SADAPAYOQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPVTRGAGAGGR
QRGONKERPPPVYENPDYEPIRKGORDLY SGLNYRHORRI

In some embodiments, the extracellular domain comprises a hinge region. In some
embodiments, the hinge region is derived from CDS§, PD-1, CD28, ICOS, or 1gG. In some
embodiments, the transmembrane domain of the RTCR. disclosed herein, 15 derived from
€08, PD1, CD28, ICOS, or 1gG.

The present disclosure also provides a nucleic acid encoding the RTCR disclosed
herein. In some embodiments, the nucleic acid encoding the RTCR disclosed herein is
according to SEQ ID NO: 75-86 and 92-110. In some embodiments, the nucleic acid
disclosed herein comprises a nucleic acid sequence encoding a chimeric intracellular domain,
In some embodiments, the RTCR disclosed herein is for expression in a T cell, wherein the T
cell co-expresses at least one of the endogenocus co-stimulatory molecules CD28, CD2, OX-
40, ICOS, CD28, CD3, CD4, CDS and CD4OL or a combination thereof.

The present disclosure also provides a vector comprising the nucleic acid disclosed
herein. In some embodiments, the vector disclosed herein is any one of a viral vector, a
plasmid, a cosmid, a yeast artificial chromosome, & bacterial artificial chromosome or a
transposon/transposase system. In some embodiments, the viral vector is an adeno-viral
vector or a lentiviral vector, In some embodiments, the vector is a lentiviral vector,

The present disclosure also provides a cell comprising the nucleic acid or the vector
disclosed herein. In some embodiments, the cell disclosed herein is a modified T cell. In
some embodiments, the modified T cell is an allogenic T cell. In some embodiments, the

modified T cell is an autologous T cell. In some embodiments, the modified T cell is any one
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of anaive T cell, an early memory T cell, a stem celi-like T cell, a stem memory T cell
{Tscwm), a central memory T cell (Tom) and a regulatory T cell (Treg).

In some embodiments, the extracellular domain is a B cell maturation Ag (BCMA)
binding protein. In some embodiments, the BCMA binding protein is a BCMA specific T ceil
receptor (TCR). In some embodiments, the BCMA binding protein is a BCMA specific
chimeric antigen receptor {CAR). In some embodiments, the BCMA binding chimeric
antigen receptor comprises the amino acid sequence according to any one of: SEQ ID NOs:
137-146.

In some embodiments, the BCMA binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ ID NO: 137. In some embodiments, the BCMA
binding chimeric antigen receptor comprises the amino acid sequence having at least 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99% identity to SEQ [D NO:
137

In some embodiments, the BCMA binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ ID NO: 138, In some embodiments, the BCMA
binding chimeric antigen receptor comprises the amino actd sequence baving at least 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 50%, 95%, 97% or 99% identity to SEQ [D NO:
138,

In some embodiments, the BCMA binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ ID NO: 139, In some embodiments, the BCMA
binding chimeric antigen receptor comprises the amino acid sequence having at least 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99% identity to SEQ [D NO:
39,

ey

In some embodiments, the BCMA binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ D NO: 140, In some embodiments, the BCMA
binding chimeric antigen receptor comprises the amino acid sequence having at least 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99% identity to SEQ D NO:
146,

In some embodiments, the BCMA binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ D NO: 141, In some embodiments, the BCMA
binding chimeric antigen receptor comprises the amino acid sequence having at least 50%,
55%, 60%, 635%, T0%, 75%, 80%, BS%, 90%, 95%, 97% or 99% identity to SEQ ID NO:

141
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In some embodiments, the BCMA binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ ID NO: 142, In some embodiments, the BCMA
binding chimeric antigen recepior comprises the amino acid sequence having at least 50%%,
55%, 60%, 65%, 70%, T5%, 80%, 85%, 90%, 95%, 7% or 99% identity to SEQ ID NO:
142

In some embodiments, the BCMA binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ ID NO: 143, In some embodiments, the BCMA
binding chimeric antigen receptor comprises the amino acid sequence having at least 50%,
55%, 60%, 65%, T0%, T3%, 80%, 85%, 90%, 95%, 97% or 99% identity to SEQ ID NO:
14

(8]

In some embodiments, the BCMA binding chimeric antigen receptor comprises the
amino acid sequence according to SEQ 1D NG: 144, In some embodiments, the BCMA
binding chimeric antigen receptor comprises the amino acid sequence having at least 30%,
55%, 60%, 65%, 70%%, 75%, 80%, 85%, 90%. 95%, 97% or 99% identity to SEQ ID NO:
144.

In some embodiments, the BCMA binding chimeric antigen recepior comprises the
amino acid sequence according to SEQ [ NO: 145, In some embodiments, the BCMA
binding chimeric antigen receptor comprises the amino acid sequence having at least 50%,
55%, 60%, 65%, T0%, 75%, 80%, 85%, 0%, 95%, 97% or 99% identity to SEQ [D NG
145,

In some embodiments, the BOCMA binding chimeric antigen recepior comprises the
amino acid sequence according to SEQ ID NO: 146. In some embodiments, the BCMA
binding chimeric antigen receptor comprises the amino acid sequence having at least 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99% identity to SEQ ID NG
146,

In some embodiments, the extracellular domain is a B cell maturation Ag (BCMA})
binding protein. In some emnbodiments, the BCMA binding protein is a BCMA specitic T cell
receptor (TCR}. In some embodiments, the BCMA binding protein is a BCMA specific
chimeric antigen receptor ({CAR). In some embodiments, the BCMA binding chimeric
antigen receptor comprises the aminoe acid sequence according to any one of. SEQ ID NQOs:

141, 142, 145 and 146,

Table 8: Amino acid sequences of BCMA specific chimeric antigen receptors {CAR) and
BCMA specific CAR-based RTCR.
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11-D5-3 scFv (CD8a Signal Peptide 11-D35-3 scFv, mouse CD8a Hinge BB 7} (SEQ 1D
NO: 133) CD3Ba Signal Peptide (bold, SEQ ID NG: 117)_11-D5-3 scFv, mouse
(italics) CD8a Hinge (bold, SEQ ID NO: 118} BB %)

MALPYTALLIPLALLLHAARPDITLTOSPPSLAMSLGRRATISCRASESVITLGSHLIA
WYQOKPGOFPTLLIOQLASNY QUGVPARFSGSGARTDFTLTIDPVEEDDVAVYYCLOSRIT
FPRIFGGGTRLEIRGSTSGSGRPGSGEGSTRGQIQLVOSGPELKKPGETVRKISCEASGYTE
TOYSINWVEKRAPGKGLEKWMGWINTETREPAYAYDFRGRFAFSLETSASTAYLOINNLKY
EDTATYECALDYSYAMDYWGQGTSVIVSSTTTPAPRPPTPAPTIASQPLSLRPEACR
PAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKEKLLYIFKQP
FMRPYVQTTQEEDGCSCRFPEEEEGGCELRVEFSRSADAPAYQOQGONQLYNELNLG
RREEYDVLDKRRGRUDPEMGGKPORRKNPQEGLYNELGKDKMAEAYSEIGMKGE
RRRGKGHDCGLYQGLSTATKDTYDALHMQALPPR

FHVH33 HVV (CD8a Signal Peptide FHVH33 HVV_CD8a Hinge BB 7) (SEQ ID NO-
134y (CD8a Signal Peptide (bold, SEQ 1D NO: 117) FHVH33 HVY (talicized) CD8a
Hinge (bold, SEQ IDNO: 118) BB 7)

MALPYVTALLIPLALLEHAARPEVOLLESGGGLVOPGGSLRISCAASGETFSSYAMS
WVRQAPGKGLIEWVSSISGSGDYIYYADSVKGRETISRODISKNTTLYLOMNSLRAEDTAVYY
CAKEGTGANSSLADYRGOGTLVIVSSFVPVFLPARPTTIPAPRPPTPAPTIASQPLSL
RPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCNHRNKRG
REKKLLYIFKQPFMRPVOQTTOQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAY QOGO
NOQLYNELNLGRREEYDVLDKRRGRDPEMGGKPORRENPQEGLYNELQKDKMAE
AYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMOQALPPR

BCARO03 HVV (CDRa Signal Peptide BCAR0O3 HVV _CDR8a Hinge BB 7)(SEQ ID
NG: 135y CDB8a Signal Peptide (Bold) BCARO03 HVYV (italicized) CD8a Hinge
{Bold) BB Z
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MALPVTALLLPLALLLHAARPOVKLEESGGGLVOAGRSLRLSCAASER TFSSHVMG
WEROAPGK ERESVAVIGWRDISTSVADSVKGRETISRDNAKK TLYLOMNSLE PEDTAVYY
CAARRIDAADFDSWGOGTOVIVSSGGGGSGGGGSGGGGSGGGGSGGGGSAVOLVES
GGGLYOAGDSERLICTASGRAFSTY EMAWEROAPGKEREFVAGIAWSGGSTAYADSVE
GRETISRDNAKNTVYLOMNSLKSEDTAVYYCASRGIEVEEFGAWGOGTOVTVSSTSTTT
PAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIVIWAPLAGTCG
VLLLSLVITLYCKRGREKLLYFKQPFMRPYQTTQEEDGCSCRFPEEEEGGCELRY
KFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPORRENPQ
EGLYNELOKDKMAEAYSEIGMKGERRRGKGHDGLYOQGLSTATKDTYDALHMOQA
LPPR

GS15022 HVV (CD8a Signal Peptide GSIS022 HVY_(CD8a Hinge BB _2) (SEQ ID NO:
136} CD8a Signal Peptide (bold, SEQ ID NO: 117) GSI5022 HVV (talicized) CD8a
Hinge (bold, SEQ ID NO: 118) BB Z

MALPYTALLIPLALLEHAARPOVKLEESGGGLYVQAGRSLRLSCAASER TFSSHVMG
WERQAPGKERESVAVIGWRDISTSYADSVKGREFTISRONAKKTLYLOMNSLKPEDTAVYY
CAARRIDAADEDSWGOGTRVIVSSGGGGSGGGUGSGGGGSEVOLVESGGGLYVAGGSL
RESCAASGRTIFITMGWFROAPGKEREFVAAISISPTLAYYARESYVKGREITISRDNAKNTYVL
OMNSLEPEDTALYYCAADRKSVMSIRPOYWGOGIOVIVSSISTTTPAPRPPTPAPTIA
SQPLSLEPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKR
GREKLLYIFKQPFMRPVOTTOEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQG
ONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPORRENPQEGLYNELQKDKMA
FAYSEIGMKGERRRGKGHDGLYQGLSTATEDTYDALHMQALPPR

BCMAsdAbl HVV (CD8a Signal Peptide anti-BCMAsdAB1 HHY CDS8a Hinge) (SEQ
I NO: 137) CD8a Signal Pepiide (bold, SEG ID NO: 117)_anti-BCMAsdAB1 HHV
(italicized) CD8a Hinge (bold, SEGQ ID NO: 118)

MALPVTALLLPLALLLHAARPLVOLOASGGGLAQPGGSLRLSCAASGRIFSTYFMA
WERQPPGKGLEYVGGIRWSDGVPHYADSVEGRFTISRDNARNTVYLOMNSLRAEDTAYV
YECASRGIADGSDFGSYGUGTOVIVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPA
AGGAVHTRGLDFAC

BCMAsdAb] HVV CDRa Transmoembrane 4-1BB Signaling CD3Z (Other names:
BCMAsdAbl BB Z or BCMAsdABL-BBZ) (SEQ ID NO: 138} BCMAsdAbT HVV
{beld, SEQ ID NO: 137) CD8a Transmembrane 4-1BB Signaling CD3Z
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MALPVTALLLPLALLEHAARPEVQLOASGGGLAQPGGSLRLSCAASGRTFST
YIMAWFROPPGKGLEYVGGIRWSDGVPHYADSVEGRITISRDNAKNTVYLO
MNSLRAFDTAVYFCASRGIADGSBFGSYGQGTQVTVSSTTTPAPRPPTPAPTIA
SOPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKR
GREKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQG
QNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPORREKNPQEGLYNELQKDKMA
EAYSEIGMKGERRRGKGHDGLYQGLSTATRDTYDALHMQALPPR

BCMAsdABT HVY CD28 Transmembrane CD2B Signaling CD37 (Other name:
BCMAsdAb! 28 Z: BCMAsdAbI-287) (SEGQ ID NO: 1393 BCMAsdAbT HVV (bold,
SEQ P NO: 137y CD28 Transmembrane CD28 Signaling CD32Z

MALPVTALLLPLALLLHAARPEVQLOASGGGLAQPGGSLRLSCAASGRTYFST
YIMAWFROQPPGRKGLEYVGGIRWSDGVPHYADSVEGRFTISRDNAKNTYYLQ
MKSLRAEDTAVYFCASRGIADGSDFGSYGOGTOVIVSSTTTPAPRPPTPAPTIA
SQPLSERPEACRPAAGGAVHTRGLDFACLFPGPSKPFWVYLVVVGGVLACYSLLY
TVAFHFWVRSERSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSRVKEFSR
SADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPORRKNPOEGL
YNELOKDKMAFAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMGOALPP
R

BCMAsdAbl HVY CD28 Transmembrane CD2ZB Signaling 4-1BB Signaling CD37
{Other names: BCMAsdAbl 28 BBwt 7; BCMAsdAbl 28 BB 7;

BCMAsdAbl 28 BBYZ; BCMAsdAbI-28 BBz or BCMAsdAb1-28BBZ) (SEQ ID NO:
140} BCMAsdAbT HVV (bold, SEQ 1D NO: 137) CD28 Transmembrane CDZ8
Signaling 4-1BB Signaling CD3Z

MALPVTALLLPLALLLHAARPEVQLOASGGGLAQPGGSLRLACAASGRTFST
YFMAWFROPPGKGLEYVGGIRWSDGYPHYADSVKGRFTISRDNAKNTVYLQ
MNSLRAEDTAVYFCASRGIADGSDFGSYGOQGTOVIVSSTTTPAPRPPTPAPTIA
SQPLSLERPEACRPAAGGAVHTRGLBFACLFPGPSKPEWVLVVVGGVLACYSLLY
TYAFOFWVYRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSKRGRK
KLLYIFKGPEFMRPYVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQGONG
LYNELNLGRREEYDVLDKRRGRDPEMGGKPORREKNPOQEGLYNELQKDKMAEAY
SEIGMKGERRRGKGHDGLYOQGLSTATKDTYDALHMQALPPR
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BCMAsdAbl HVV _CD28 Transmembrane CI28 Signaling 4-1BB truncated
Sigualing CD37 (Other names: BCMAsdAb1 28 BBt Z; BCMAsdAbl 28 BBtZ
BCMAsdAb1-28 BBZ; or BCMAsdAb1-28BBZ) (SEQ ID NO: 141): BCMAsdAbl
HVV (bold, SEQ D NQ: 137) CD28 Transmembrane D28 Signaling 4-1BB {rancated
Signaling CD3Z

MALPVTALLLPLALLLHAARPEVOLQASGGGLAQPGGSLRLSCAASGRTEST
YFMAWFRQPPGKGLEYVGGIRWSDGVPHYADSVKGRFTISRDNAKNTVYLOQ
MNSLRAEDTAVYFCASRGIADGSDRGSYGQGTQVTVSSTITPAPRPPTPAPTIA
SQPLSLRPEACRPAAGGAVHTRGLDFACLFPGPSKPFWVLVVVGGVLACYSLLY
TVAFIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPY APPRDFAAYRSQPFMRP
VQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQGQNQLYNELNLGRREE
YDVLDKRRGRDPEMGGKPORRKNPQEGL YNELOKDKMAEAYSEIGMK GERRRG
KGHDGLYQGLSTATKDTYDALHMOQALPPR

BCMAsdABT HVV _CD28 Transmembrane CD28 Signaling OX-40 Truncated
Signaling CD3Z (Other names: BCMAsdAbl 28 0X40t Z; BCMAsdAbl 28 OX40tZ:
BCMAsdAbl_28 40t Z; BCMAsdAb] 28 40t7 BCMAsdAb1-28_40tZ; or
BCMAsdAb1-2840t7) (SEQ ID NG: 142y BCMAsdAbT HVV (bold, SEQ 1D NQO:

137y CD28 Transmembrane CD2B Signaling OX-40 Truncated Signaling D37

MALPYTALLLPLALLLHAARPEVOLOASGGGLAQPGGSLRLSCAASGRTESTY
YFMAWFROPPGKGLEYVGGIRWSDGVPHYADSVKGRFTISRBNAKNTVYL(
MNSLRAEDTAVYFCASRGIADGSDFGSYGOQGTOQVIVSSTTTPAPRPPTPAPTIA
SOPLSLRPEACRPAAGGAVHTRGLDFACLFPGPSKPFWVILVVVGGVLACYSLLY
TVAFHFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYPYAPPRDFAAYRSGGGSFR
TPIQEEQADAHSTLARVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRG
RDPEMGGKPQRRKNPOEGLYNELOK DKMABAYSEIGMK GERRRGKGHDGLY QG
ESTATKDTYDALHMOQALPPR

BCMAsdAbI HVV ICOS Transmembrave ICOS Signaling CID37 (Other names:
BCMAsdAbl ICOS Z; BCMAsdAbl ICGSZ; or BCMAsdAbI-ICOSZ) (SEQ ID NO:
143y BCMAsdAbI HVV (bold, SEG ID NO: 137) ICOS Transmembrane 1COS

Signaling CD3Z
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MALPVTALLLPLALLLHAARPEVQOLOASGGGLAQPGGSLRLSCAASGRTFST
YFMAWFROPPGKGLEYVGGIRWSDGVPHYADSYKGRFTISRDNAKNTVYLQ
MNSLRAEDTAVYFCASRGIADGSDFGSYGQGTOVIVSSTITPAPRPPTPAPTIA
SQPLSLRPEACRPAAGGAVHTRGLDFACSOLCCOLKFWLPIGCAAFVVVCILGCH
LICWLTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLRVKFSRSADAPAYQ
QGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPQRRKNPOEGLYNELQKDK
MAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

BCMAsdAbl HVY ICOS Transmembrane ICOS Signaling 4-1BB Signaling CD3Z
{Other names: BCMAsdAbL ICOS BBwi Z; BCMAsdAbL ICOS BB Z;
BCMAsdAbl ICOS BBZ; BCMAsdAbl-28 BBZ; or BCMAsdAbI-ICOSBBZ) (SEQ
I NO: 144y BCMAsdAb1 HVV (bold, SEQ 1Y NO: 137) ICOS Transmembrane [COS
Signaling 4-1BB Signaling CD3Z

MALPVTALLLPLALLLHAARPEVOLOASGGGLAQPGGSLRLSCAASGRTFST
YFMAWFRQPPGKGLEYVGGIRWSDGVPHYADSVKGRFTISRDNAKNTVYLQ
MNSLRAEDTAVYFCASRGIADGSDFGSYGQGTOVTVSSTITPAPRPPTPAPTIA
SOPLSLRPEACRPAAGGAVHTRGLDFACSQLCCOLKFWLPIGCAAFVVVCILGCE
LICWLTKKK YSSSVHDPNGEYMFMRAVNTAKK SRLTDVTLKRGRKKLLYIFKQPF
MRPVQTTQEEDGCSCRFPEEEEGGCELR VKFSRSADAPAYQOGONQLYNELNLGR
REEYDVLDKRRGRDPEMGGK PORRKNPOEGLYNELOKDKMAEAYSEIGMKGER
RRGKGHDGLYQGLSTATKDTYDALHMGALPPR

BCMAsdAbI HVV ICOS Transmembrane ICOS Signaling 4-1BB Truncated
Signaling CD37 (Other names: BCMAsdAb1 ICOS BBt 7;

BCMAsdAbl ICOS BBtZ;, BCMAsdAb1-ICOS BBtZ; or BCMAsdAb1-ICOSBB1z)
(SEQ ID NO: 145): BCMAsdAbl HVV (beld, SEQ ID NG: 137) ICOS

Transmembrane 1COS Signaling 4-1BB Truncated Signaling CD3Z

MALPVTALLLPLALLLHAARPEVQLOASGGGLAQPGGSLRLSCAASGRYFST
YFMAWFROPPGKGLEYVGGIRWSDGVPHYADSVKGREFTISRDNAKNTVYL(
MNSLRAEDTAVYFCASRGIADGSDFGSYGQGTOVIVSSTITPAPRPPTPAPTIA
SOPLSLRPEACRPAAGGAVHTRGLBFACSQLCCOQLEKFWLPIGCAAFVVVCILGCI
LICWLTKKKYSSSVHDPNGEYMEFMRAVNTAKK SRLTDVTLOPFMRPVQTTQEED
GCSCRFPEEEEGGCELRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRR
GRDPEMGGKPOQRRKNPOQEGLYNELQKDKMAEBAYSEIGMKGERRRGKGHDGLYQ
GLSTATKDTYDATL HMQAIPPR
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BCMAsdAbI HVV _ICOS Transmembrane ICOS Signaling OX-40 Truncated

Signaling CID37 (Other names: BCMAsdAb1 ICOS 0OX40t 7

BCMAsdAbl ICOS OX40tZ; BCMAsdAbl ICOS40t Z; BCMAsdAbl ICOS 40tZ;
BCMAsdADI-ICOS_401Z; or BCMAsdAb1-1C0S40t7) (SEQ 1D NO: 146). BCMAsdAb]
HYV (bold, SEQ ID NG: 137) Transmembrane 1COS Signaling 0X-40 Truncated
Signaling CD3Z

MALPVTALLILPLALLLHAARPEVQLOASGGGLAQPGGSLRLSCAASGRTFST
YFMAWFROPPGRGLEYVGGIRWEDGVYPHYADSVEKGRITISRDNAKNTVYLQ
MNSLRAEDTAVYFCASRGIADGSDFGSYGOQGTOVTIVSSTTTPAPRPPTPAPTIA
SOPLSLRPEACRPAAGGAVHTRGLBFRACSQLCCOQLEFWLPIGCAAFVYVVCILGCI
LICWLTKKKYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTLGGGSFRTPIQEEQAD
AHSTLARVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGK
PORRKNPGEGLYNELOQKDKMAEAY SEIGMKGERRRGKGHDGLY QGLSTATKDTY
DALHMGOQALPPR

Table 9 Nucleic acid sequences of intracellular signaling domains, extracellular domains of

RTCRs and RTCRs.

CD2 truncated Stgnaling Domain (SEQ ID NO: 70)
CAGAATCCTGCCACCTCTCAGCACCCTCCACCTCCACCTGGACACAGATCTCAG
GCCCCATCTCACAGACCTCCACCACCTGGTCATCGGGTGCAGCATCAGCCCCA
GAAAAGACCTCCTGCTCCTAGUCOGAACACAGOTGCACCAGCAAAAGGGACCTC
CACTGCCTAGACCTAGAGTGCAGCCTAAGCCTCCTCATGGCGCTGCCGAGAAT
AGCCTGTCTCCTAGCAGCAAC

IL2ZRB(YLRQ) Sigualing Domain (S8EQ ID NO: 71)
AATTGCAGAAACACAGGCCCCTGGCTGAAGAAAGTGCTGAAGTGCAACACCCC
TGATCCGAGCAAGTTCTTTAGCCAGCTGAGCAGCGAGCATGGCGGCGACGTIC
AGAAATGGCTGTCTAGCCCATTTICCTAGCAGCAGCTTCAGCCCTGGTGGACTG
GCCCCTGAGATTAGCCCTCTGOAAGTGCTGGAACGGGACAAAGTGACCCAGCT
GCTGCCCCTGAATACCGACGCTTACCTGAGCCTGCAAGAGCTGCAAGGACAGG
ACCCTACACACCTGGTGTCCTACCTGAGACAGTGGGTCGTGATCCCTCCACCTC
TCTCTAGTCCTGGACCTCAGGCCTICT

PD1 (PD1 Sigoal Peptide PD1 Extracellular PD1 Transmembrane PD Intracellular) PD-
1 {Other name PD1-wt or PD1 (SEQ ID NG 72)
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ATGCAGATTCCTCAAGCTCCTTGGCCTGTCGTGTGGGCCGTTCTGCAACTTGGA
TGGCGGCCTGGCTGUGTTICCTGCACTCTCCTGACAGACCCTGGAATCCTCCAACA
TTCAGCCCCGCTCTGCTGGTGGTTACCGAGGGCGATAATGCCACCTTCACCTGT
AGCTTCAGCAACACCAGCGAGAGCTTCOTGCTGAACTGGTACAGAATGAGLCC
CAGCAACCAGACCCGACAAGCTGGCCGCCTTTICCTGAGCGATAGATCTCAGCCCG
GCCAGGACTGCCGOGTTCAGAGTTACACAGCTGCCCAACGGCCGGGACTTCCAC
ATGTCTGTCGTCCGOGUCAGAAGAAACGACAGUGGCACATATCTGTGCGGCGC
CATTTCTCTGGCCCCTAAGGCTCAGATCAAAGAGAGCCTGAGAGCCGAGCTGA
GAGTGACAGAAAGACGGGCCGAAGTGUCCACAGCTCACCCTTCACCTTICTCCA
AGACCTGCCGGCCAGTTCCAGACACTGOTCGTGGOAGTTGTTGGCGGACTGCT
GGGATCTCTGGTGCTGCTTOTTIGGOTGOTCGCCGTGATCTGTAGCAGAGCCGC
CAGAGGAACAATCGGCGCCAGAAGGACAGGCCAGCCTCTGAAAGAGGATCCC
TCTGCTGTCCCCGTGTTCAGCGTGGACTATGGCCGAGCTGGATTTCCAGTGOGCGE
GAAAAGACACCCGAGCCTCCAGTGCCTTGTGTGCCTGAGCAGACAGAGTACGC
CACCATCOTGTTCCCTAGCGGCATGGGCACATCTAGCCCTGCCAGAAGAGGAT
CTGCCGACGGACCTAGATCTGCCCAGCCTCTCAGACCTGAGGATGGCCACTGY
TCTTGGCCTCTT

PD1 Extracetlular (Other name: PD1) (SEQ ID NO: 73)
TTTCTGOGACAGCCCCGACAGACCCTGGAATCCTCCTACATTCAGCCCCOOTITIO
CTGGTGGTTACCGAGGGCGATAATGCCACCTTCACCTGTAGCTTCAGCAACAC
CAGCGAGAGCTTCGTGCTGAACTOGTACAGAATGAGCCCCAGCAACCAGACCG
ACAAGCTGGCCGCCTTICCTGAGGATAGATCTCAGCCCGGCCAGGACTGLCGG
TTCAGAGTTACACAGCTGCCCAACGGCCGGGACTICCACATGTCTGTCOTTCGE
GCCAGAAGAAACGACAGCGGCACATATCTGTGCGGCGCCATTTCTCTGGCCCL
TAAGOGCTCAGATCAAAGAGAGCCTCGAGAGCCGAGCTGAGAGTGACAGAAAGA
COGGCCCAAGTGCCCACAGCTCACCCTTCACCTTCTCCAAGACCTGCT

PD-1 (extracellular domain without signal peptide}-CD28 domain swap (DS) (SEG ID NO:
74)
TTTCTGGACAGCCCCGACAGACCCTGGAATCCTCCTACATTCAGCCCCGCTICTG
CTGGTGGTTACCGAGGGCGATAATGCCACCTTCACCTGTAGCTTCAGCAACAC
CAGCGAGAGCTTCGTGCTGAACTGGTACAGAATGAGUCCCCAGCAACCAGACCG
ACAAGCTGGCCGCCTTICCTGAGGATAGATCTCAGCCCGGCCAGGACTGCCGEH
TTCAGAGTTACACAGCTGCCCAACGGCCGGGACTTCCACATGTCTGTCGTTICGG
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GCCAGAAGAAACGACAGCGGCACATATCTGTGCGGCGCCATTTICTCTGGLCCC
TAAGGCTCAGATCAAAGAGAGCCTGAGAGCCGAGUTGAGAGTGACAGAAAGA
COGGOCCGAAGTGCCCACAGCTCACCCTTCACCTTCTCCAAGACCTGCTCTOTTC
CCCGOACCTAGCAAGCCCTTITTIGOGOTGCTCGTTOTTOTIGGLCGOGCGTOCTGHCC
TGTTATAGCCTGCTGGTTACCOGTOGUCCTTCATCATCTTTITGGGTCCGAAGCAAG
CGGAGCCOGUTOCTGCACAGCGACTACATGAACATGACCCCTAGACGGCCCGG
ACCAACCAGAAAGCACTACCAGCCTTACGOTCCTCCTAGAGACTTCGUCGCCT
ACAGATCT

PD-1 (extracellular domain without signal peptide)-CD28 DS-CD137 domain (SEQ ID
NG 753
TTTCTGGACAGCCCCGACAGACCCTGGAATCCTCCTACATTICAGCCCCGCTCTG
CTGGTGGTTACCGAGGGCGATAATGCCACCTTCACCTGTAGCTTCAGCAACAL
CAGCGAGAGCTTCGTGCTGAACTGGTACAGAATGAGCCCCAGCAACCAGACCG
ACAAGCTGGCCGCCTTTCCTGAGGATAGATCTCAGCCCGGUCAGGACTGCCGG
TTCAGAGTTACACAGCTGCCCAACGGCCGGGACTTICCACATGTCTGTCGTTCGG
GCCAGAAGAAACGACAGCGGCACATATCTGTGCGGCGCCATTTICTCTGGLCCC
TAAGGCTCAGATCAAAGAGAGCCTGAGAGCCCGAGUTCGAGAGTGACAGAAAGA
CGGGCCGAAGTGCCCACAGCTCACCCTTCACCTTCTCCAAGACCTGCTCTGTTIC
CCCGGACCTAGCAAGCCCTTITTGGGTGCTCGTTGITGTITGGCGGCGTGCTGGCC
TGTTATAGCCTGCTGGTTACCGTGGCCTTCATCATCTTTTGGGTCCGAAGCAAG
CGGAGCCGOCTGCTGCACAGCGACTACATGAACATGACCCCTAGACGGCCCGG
ACCAACCAGAAAGCACTACCAGCCTTACGCTCCTCCTAGAGACTTCGCCGCCT
ACAGATCCAAGCGGGGCAGAAAGAAGCTGCTGTACATCTTICAAGCAGCCCTTC
ATGCGGCCCOTGCAGACCACACAAGAGGAAGATGGCTGCTCCTGTCGGTTCCC
COAGGAAGAAGAAGGCGOTTGCGAALCTG

PD-1 {extracellular domain without signal peptide)-CD28 DS- truncated CD137 domain
(SEQ ID NO: 76)
TTTCTGGACAGCCCCGACAGACCCTGGAATCCTCCTACATTCAGCCCCGCTCTG
CTGGTGGTTACCGAGGGCGATAATGCCACCTTCACCTGTAGCTTCAGCAACAL
CAGCGAGAGCTTCGTGCTGAACTGGTACAGAATGAGCCCCAGCAACCAGACCG
ACAAGCTGGCCGCCTTICCTGAGGATAGATCTCAGCCCGGUCAGGACTGUC GG
TTCAGAGTTACACAGCTGCCCAACGGCCGGGACTTCCACATGTICTGTCGTTCGG
GCCAGAAGAAACGACAGCGGCACATATCTGTGCGGCGCCATTTCTCTGGCCCC
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TAAGGCTCAGATCAAAGAGAGCCTGAGAGCCGAGCTGAGAGTGACAGAAAGA
COGGCCCAAGTGCCCACAGCTCACCCTTCACCTTCTCCAAGACCTGOTCTETTIC
CCCGGACCTAGCAAGCCCTTITTIGGGTGCTCGTTGTTGTTGGCGGCGTGCTGGCC
TGTTATAGCCTGUTOGTTACCGTGGUCTTCATCATCTITIGGGTCCGAAGCAAG
CGGAGCCOGCTGCTGCACAGCCACTACATGAACATGACCCCTAGACGGLCCGE
ACCAACCAGAAAGCACTACCAGCCTTACGCTCCTCCTAGAGACTTCGCCGCCT
ACAGATCCCAGCCTTTCATGAGGCCTGTGCAGACCACACAAGAAGAGGACGGC
TGCTCCTGTICGOGTTICCCCGAGGAAGAGGAAGGCGOTTGCGAACTT

PD-1 (extracellular domain without signal peptide)-CD28 DS- truncated CD134 domain
{SEQ ID NO: 77}
TTTCTGGACAGCCCCGACAGACCCTGGAATCCTCCTACATTICAGCCCCGCTCTG
CTGGTGGTTACCGAGGGCGATAATGCCACCTTCACCTGTAGCTTCAGCAACAL
CAGCGAGAGCTTCGTGCTGAACTGGTACAGAATGAGCCCCAGCAACCAGACCG
ACAAGCTGGCCGCCTTTCCTGAGGATAGATCTCAGCCCGGUCAGGACTGCCGG
TTCAGAGTTACACAGCTGCCCAACGGCCGGGACTTICCACATGTCTGTCGTTCGG
GCCAGAAGAAACGACAGCGGCACATATCTGTGCGGCGCCATTTICTCTGGLCCC
TAAGGCTCAGATCAAAGAGAGCCTGAGAGCCCGAGUTCGAGAGTGACAGAAAGA
CGGGCCGAAGTGCCCACAGCTCACCCTTCACCTTCTCCAAGACCTGCTCTGTTIC
CCCGGACCTAGCAAGCCCTTITTGGGTGCTCGTTGITGTITGGCGGCGTGCTGGCC
TGTTATAGCCTGCTGGTTACCGTGGCCTTCATCATCTTTTGGGTCCGAAGCAAG
CGGAGCCGOCTGCTGCACAGCGACTACATGAACATGACCCCTAGACGGCCCGG
ACCAACCAGAAAGCACTACCAGCCTTACGCTCCTCCTAGAGACTTCGCCGCCT
ACAGATCTGGCGGCGOAAGCTTCAGAACCCOTATCCAAGAGGAACAGGCCGA
CGCTCACTCTACACTGGCT

PD-1 (extracellular domain without signal peptide)-ICOS DS (SEQ ID NO: 78}
TTTCTGGACAGCCCCGACAGACCCTGGAATCCTCCTACATTCAGCCCCGCTCTG
CTGGTGGTTACCGAGGGCGATAATGCCACCTTCACCTGTAGCTTCAGCAACAL
CAGCGAGAGCTTICGTGCTGAACTGGTACAGAATGAGCCCCAGCAACCAGACCG
ACAAGCTGOCCGCCTTTCCTGAGGATAGATCTCAGCCCGGUCAGGACTGCCGG
TTCAGAGTTACACAGCTGCCCAACGGCCGGGACTTCCACATGTCTGTICGTTCGG
GCCAGAAGAAACGACAGUGGCACATATCTGTGCGGUGCCATTICTCTGGLCCC
TAAGGCTCAGATCAAAGAGAGCCTGAGAGUCGAGCTGAGAGTGACAGAAAGA
CGOGGCCGAAGTGCCCACAGCTCACCCTTCACCTTCTCCAAGACCTGCCAGCCA
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GCTGTGCTGCCAGCTGAAGTTITGGCTGCCTATCGGUTGTGCCGCCTTCGTGOT
TGTGTGTATCCTGGGCTCGCATCCTGATCTGUTGGCTGACCAAGAAAAAGTACA
GCAGCTCCOTGCACGACCCCAACGOCGAGTACATGTTCATGAGAGCCGTGAAC
ACCGCCAAGAAGTCCAGACTGACCGACGTGACACTT

PD-1 {exiracellular domain without signal peptide)-1COS DS-truncated CD137 (SEQ ID
NG: 79
TTTCTGGACAGCCCCGACAGACCCTGGAATCCTCCTACATTCAGCCCCGCTCTG
CTGGTGGTTACCGAGGLCGATAATGCCACCTTCACCTGTAGCTTCAGCAACAC
CAGCGAGAGCTTCGTGCTGAACTGGTACAGAATGAGCCCCAGCAACCAGACCG
ACAAGCTGGCCGCCTTTCCTGAGGATAGATCTCAGCCCGGCCAGGACTGCCGG
TTCAGAGTTACACAGCTGCCCAACGGCCGGGACTTCCACATGTCTGTCGTTCGG
GCCAGAAGAAACGACAGCGGLCACATATCTGTGCGGCGCCATTTCTCTGGLCCCC
TAAGGCTCAGATCAAAGAGAGUCTGAGAGCCGAGUTGAGAGTGACAGAAAGA
CGOGCCGAAGTGCCCACAGCTCACCCTTCACCTTCTCCAAGACCTGCCAGCCA
GCTGTGCTGCCAGCTGAAGTTTITGGCTGCCTATCGGCTGTGCCGCCTTCGTGGT
TGTGTGTATCCTGGGCTGCATCCTGATCTGCTGGCTGACCAAGAAAAAGTACA
GCAGCTCCOGTGCACGACCCCAACGGCGAGTACATOTTCATGAGAGCCGTGAAC
ACCGCCAAGAAGTCCAGACTGACCGACGTGACCCTGAAGCGGGGCAGAAAGA
AACTGUTGTACATCTTCAAGCAGCCCTTCATGCGGUCCGTGCAGACCACACAA
GAGGAAGATGGCTGCTCCTGCAGATTCCCCGAGGAAGAAGAAGGCGGCTGCG
AACTT

PD-1 (extracellular domain without signal peptide)-ICOS DS-truncated CD137 (SEQ D
NO: 80}
TTTCTGGACAGCCCCGACAGACCCTGGAATCCTCCTACATTCAGCCCCGLTCTG
CTGGTGGTTACCGAGGGCGATAATGCCACCTTCACCTGTAGCTTCAGCAACAC
CAGCGAGAGCTTCGTGCTGAACTGGTACAGAATGAGCCCCAGCAACCAGACCG
ACAAGCTGGCCGCCTTTCCTGAGGATAGATCTCAGCCCGGCCAGGACTGCC GG
TTCAGAGTTACACAGCTGCCCAACGGCCGGGACTTCCACATGTICTIGTCGTTICGG
GUCAGAAGAAACGACAGCGGCACATATCTGTGCGGCGCCATTTCTCTGGLCCC
TAAGGCTCAGATCAAAGAGAGCCTGAGAGCCGAGCTGAGAGTGACAGAAAGA
COGGCCCAAGTGUCCACAGCTCACCCTTCACCTTCTCCAAGACCTGUCAGLCA
GCTGTGCTGCCAGCTGAAGTTITGGCTGCCTATCGGCTGTGCCGCCTTCGTGET
TGTGTGTATCCTGOGCTGCATCCTCGATCTGCTGGCTGACCAAGAAAAAGTACA
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GCAGCTCCGTGCACGACCCCAACGGUGAGTACATGTTCATGAGAGCCGTGAAC
ACCGCCAAGAAGTCCAGACTGACCGACGTGACACTTCAGCCTTTCATGAGGCC
COTGCAGACCACACAAGAAGAGGACGGCTGCTCCTGCAGATTCCCCGAGGAA
GAGGAAGGCOGOGTTGCGAALTT

PD-1 {exiracellular domain without signal peptide)-1COS DS-truncated CD 134 (SEQ ID
NO:81)
TTTCTGGACAGCCCCGACAGACCCTGGAATCCTCCTACATTCAGCCCCGCTCTG
CTGGTGGTTACCGAGGLCGATAATGCCACCTTCACCTGTAGCTTCAGCAACAC
CAGCGAGAGCTTCGTGCTGAACTGGTACAGAATGAGCCCCAGCAACCAGACCG
ACAAGCTGGCCGCCTTTCCTGAGGATAGATCTCAGCCCGGLCAGGACTGCCGG
TTCAGAGTTACACAGCTGCCCAACGGCCGGGACTTCCACATGTCTGTCGTTCGG
GCCAGAAGAAACGACAGCGGLCACATATCTOCTGCGGCGCCATTTCTCTGGCCCC
TAAGGCTCAGATCAAAGAGAGUCTGAGAGCCGAGUTGAGAGTGACAGAAAGA
CGOGCCGAAGTGCCCACAGCTCACCCTTCACCTTCTCCAAGACCTGCCAGCCA
GCTGTGCTGCCAGCTGAAGTTITGGCTGCCTATCGGCTGTGCCGCCTTCGTGGT
TGTGTGTATCCTGGGCTGCATCCTGATCTGCTGGCTGACCAAGAAAAAGTACA
GCAGCTCCOGTGCACGACCCCAACGGCGAGTACATOTTCATGAGAGCCGTGAAC
ACCGCCAAGAAGTCCAGACTGACCGACGTGACACTTGGCGGCGGAAGCTTITAG
AACCCCTATCCAAGAGGAACAGGCCGACGCTCACTCTACACTGGCT

PD1 {extracellniar domain without signal peptide}-1COS DS-CD23(PRRP)-truncated
CD137) (SEQ ID NO: 82)
TTTCTGGACAGCCCCGACAGACCCTGGAATCCTCCTACATTCAGCCCCGLTCTG
CTGGTGGTTACCGAGGGCGATAATGCCACCTTCACCTGTAGCTTCAGC AACAC
CAGCGAGAGCTTCGTGCTGAACTGGTACAGAATGAGCCCCAGCAACCAGACCG
ACAAGCTGGCCGCCTTITCCTGAGGATAGATCTCAGCCCGGCCAGGACTGCCGG
TTCAGAGTTACACAGCTGCCCAACGGCCGGGACTTCCACATGTCTGTCGTTCGG
GCCAGAAGAAACGACAGCGGCACATATCTGTGCGGCGCCATTTCTCTGGCCCC
TAAGGCTCAGATCAAAGAGAGUCCTGAGAGCCGAGCTGAGAGTGACAGAAAGA
CGOGCCGAAGTGCCCACAGUTCACCCTTCACCTTCTCCAAGACCTGCCAGCCA
GCTGTGCTGCCAGCTGAAGTTTITGGCTGCCTATCGGCTGTGCCGCCTTCGTGGT
TGTGTGTATCCTGGGCTGCATCCTGATCTGUTGGUTGACCAAGAAAAAGTACA
GCAGCTCCGTGCACGACCCCAACGGCGAGTACATGTTCATGACCCCTAGAAGG
CCTGGACCTACCAGAAAGCACTACCAGCCTTACGCTCCTCCTAGAGCCGTGAA
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CACCGUCAAGAAGTCCAGACTGACCGACGTGACACTTCAGCCTTTCATGAGGC
CCOTGCAGACCACACAAGAAGAGGACGGCTGCTCCTQCAGATTCCCCGAGGAA
GAGGAAGGCGGTTGCGAACTT

PD1 (extracellular domain without signal peptide}-1ICOS DS-CD2E(PRRP)-truncated
CD134) (SEQ ID NO: 83)
TTTCTGGACAGCCCCGACAGACCCTGGAATCCTCCTACATTCAGCCCCGCTCTG
CTGGTGGTTACCGAGGGCGATAATGCCACCTTCACCTGTAGCTTCAGCAACAC
CAGCGAGAGCTTCGTGCTGAACTOGTACAGAATGAGCCCCAGCAACCAGACCS
ACAAGCTGGCCGCCTTTCCTGAGGATAGATCTCAGCCCGGCCAGGACTGCCGEG
TTCAGAGTTACACAGCTGCCCAACGGCCGGGACTICCACATGTICTGTCGTTCGG
GCCAGAAGAAACGACAGCGGCACATATCTGTGCGGCGCCATTICTCTGGCCCC
TAAGGCTCAGATCAAAGAGAGCCTGAGAGCCGAGUTGAGAGTGACAGAAAGA
CGGGCCGAAGTGUCCCACAGCTCACCCTTCACCTTCTCCAAGACCTGCCAGCCA
GCTGTOCTGCCAGCTGAAGTTTTGGCTGCCTATCGGCTGTGCCGCCTTCGTGAT
TGTGTGTATCCTGGGCTGCATCCTGATCTGCTGGCTGACCAAGAAAAAGTACA
GCAGCTCCGTGCACGACCCCAACGGCGAGTACATGTTCATGACCCCTAGAAGG
CCTGGACCTACCAGAAAGCACTACCAGCCTTACGCTCCTCCTAGAGCCGTGAA
CACCGCCAAGAAGTCCAGACTGACCGACGTGACACTTGGCGGCGGAAGCTTITA
GAACCCCTATCCAAGAGGAACAGGUUGACGUTCACTICTACACTGGCT

PDUICOSBRBECD2: (PDT extracellular domain without signal peptide}-1COS DS-
truncated CD137 domain-truncated CD2Z signaling domain} (SEQ ID NO: 84)
TTTCTGGACAGCCCCGACAGACCCTGGAATCCTCCTACATTICAGCCCCGUTCTG
CTGGTGGTTACCGAGGGCGATAATGCCACCTTCACCTGTAGCTTCAGCAACAC
CAGCGAGAGCTTCGTGCTGAACTGOTACAGAATGAGCCCCAGCAACCAGACCG
ACAAGCTGGCCGCCTTTCCTGAGGATAGATCTCAGCCCGGCCAGGACTGCCGG
TTCAGAGTTACACAGCTGCCCAACGGCCGGGACTICCACATGTCTGTICGTTCGG
GCCAGAAGAAACGACAGCGGCACATATCTCTGCGGCGCCATTTCTCTGGCCCC
TAAGGCTCAGATCAAAGAGAGCCTGAGAGCCGAGCTGAGAGTGACAGAAAGA
CGOGCCGAAGTGCCCACAGCTCACCCTTCACCTTCTCCAAGACCTGCCAGCCA
GCTOTGCTGCCAGCTGAAGTTTITGGCTGCCTATCGGCTGTGCCGCCTTCGTGGT
TCTGTGTATCUTGGGCTGUATCCTGATCTGUTGGUTGACCAAGAAAAAGTACA
GCAGCTCCGTGCACGACCCCAACGOCGAGTACATOTTCATGAGAGCCGTGAAC
ACCGCCAAGAAGTCCAGACTGACCGACOTGACCCTCCAGCCTTTICATGAGGCC
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TGTGCAGACCACACAAGAAGAGGACGGCTGCTCCTGTICGGTTICCCCGAGGAAG
AGGAAGGCGGTTGCGAACTCCAGAATCCTGCCACCTCTCAGCACCCTCCACCT
CCACCTGGACACAGATCTCAGGCCCCATCTCACAGACCTCCACCACCTGGTCAT
COGGOUTGLAGCATCAGUCCCAGAAAAGACCTCCTGUTCCTAGCGGAACACAGEHT
GCACCAGCAAAAGGGACCTICCACTGCCTAGACCTAGAGTGCAGCCTAAGCCTC
CTCATGGCGCTGCCGAGAATAGCCTGTCTCCTAGCAGCAAC

PD1 extracellular domain without signal peptide-ICOS DS-truncated CD 134 domain-
truncated CD2 signaling domain (SEQ ID NGO: 85)
TTTCTGGACAGCCCCGACAGACCCTGGAATCCTCCTACATTCAGCCCCGLTCTG
CTGETGGTTACCGAGGGUGATAATGCCACCTTCACCTGTAGCTTCAGCAACAC
CAGCGAGAGCTTCGTGCTGAACTGGTACAGAATGAGCCCCAGCAACCAGACCG
ACAAGCTGGCCGCCTTTCCTGAGGATAGATCTCAGCCCGGCCAGGACTGCCGG
TICAGAGTTACACAGCTGCCCAACGGUCGOGGACTTCCACATGICTGTCGTTCGEG
GCCAGAAGAAACGACAGCGGCACATATCTGTGCGGCGCCATTTCTCTGGCCCC
TAAGGCTCAGATCAAAGAGAGCCTGAGAGCCGAGCTGAGAGTGACAGAAAGA
CGGGCCCGAAGTGCCCACAGCTCACCCTTCACCTTCTCCAAGACCTGCCAGCCA
GCTGTGCTGCCAGCTGAAGTTTITGOCTGCCTATCGOGCTGTGCCGLCCTTCGTGET
TGTGTGTATCCTGGOCTGCATCCTGATCTGCTGGCTGACCAAGAAAAAGTACA
GUAGCTCCGTGCACGACCCCAACGGUGAGTACATGTTCATGAGAGCUGTGAAC
ACCGCCAAGAAGTCCAGACTGACCGACGTGACCCTCCAGCCTTTCATGAGGCC
TGTGCAGACCACACAAGAAGAGGACGGCTGCTCCTAGTCGGTTCCCCGAGGAAG
AGGAAGGCGGCTGCGAACTGAATTGCAGAAACACAGGCCCCTGGCTGAAGAA
AGTGCTGAAGTGCAACACCCCTGATCCGAGCAAGTTCTTTAGCCAGCTGAGCA
GCGAGCATGGCGGCGACGTTCAGAAATGGCTGTCTAGCCCATTTCCTAGCAGC
AGCTTCAGCCCTGGTGGACTGGCCCCTGAGATTAGCCCTCTGGAAGTGCTGGA
ACGGGACAAAGTGACCCAGCTGCTGCCCCTGAATACCGACGCTTACCTGAGCC
TGCAAGAGCTGCAAGGACAGGACCCTACACACCTGGTGTCCTACCTGAGACAG
TGGGTCGTGATCCCTCCACCTCTCTCTAGTCCTGGACCTCAGGCCTCT

PD1 extracellular domain without signal peptide)}-1COS DS-truncated CD137 domain-
truncated CD2 signaling domain- IL-2 receptor binding (IL2ZRBYYLRQ) (SEQ ID NO: 86)
TITCTGGACAGUCCCGACAGACCCTGGAATCCTCCTACATTCAGCCCCGLTCTG
CTGGTGGTTACCGAGGGCGATAATGCCACCTTCACCTGTAGCTTCAGCAACAC
CAGCGAGAGCTTCOTGCTGAACTGOTACAGAATGAGCCCCAGCAACCAGALCCG
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ACAAGCTGGCCGCCTTTCCTGAGGATAGATCTCAGCCCGGCCAGGACTGCCGG
TTCAGAGTTACACAGCTGCCCAACGGUCCGGGACTTCCACATGTCTGTCOTTCGEG
GCCAGAAGAAACGACAGCGGCACATATCTOTGCGGUCGCCATTTCTCTGGLCCCC
TAAGGUTCAGATCAAAGAGAGUCTGAGAGCCGAGCTGAGAGTGACAGAAAGA
CGOGGCCGAAGTGCCCACAGCTCACCCTTCACCTTICTCCAAGACCTGCCAGCCA
GCTGTGCTGCCAGCTGAAGTTITGGCTGCCTATCGGCTGTGCCGCCTTCGTGET
TGTGTGTATCCTGGOGCTGUCATCCTGATCTGUTGGUTGACCAAGAAAAAGTACA
GCAGCTCCOTGCACGACCCCAACGGCGAGTACATGTTCATGAGAGCCGTGAAC
ACCGCCAAGAAGTCCAGACTGACCGACGTGACCCTCCAGCCTTTCATGAGGCC
TGTGCAGACCACACAAGAAGAGGACGGCTOLTCCTGTCGUGTICCCCGAGGAAG
AGGAAGGCGGTTGCGAACTCCAGAATCCTGCCACCTCTCAGCACCCTCCACCTY
CCACCTGGACACAGATCTCAGGCCCCATCTCACAGACCTCCACCACCTGGTCAT
CCOOTGLCAGCATCAGCCCCAGAAAAGACCTCCTGCTCCTAGCGGAACACAGOHT
GCACCAGCAAAAGGGACCTCCACTGCCTAGACCTAGAGTGCAGCCTAAGCCTC
CTCATGGCGCTGCCGAGAATAGCCTGTCTCCTAGCAGCAACAACTGCCGCAALC
ACAGGUCCCCTGOGCTGAAGAAAGTGUTGAAGTGCAACACCCOTGATCCGAGCAA
GTTCTTTAGCCAGCTGAGCAGCGAGCATGGCGGCGACGTTICAGAAATGGCTGT
CTAGCCCATTTCCAAGCAGCAGCTTCAGCCCTGGTGGACTGGCCCCTGAGATTA
GCCCTCTGGAAGTGCTGGAACGGGACAAAGTGACCCAGCTGCTGCCCCTGAAT
ACCGACGCTTACCTGAGCCTGUAAGAGCTGCAAGGACAGGACCCTACACACCT
GGTGTCCTACCTGAGACAGTGGOTCGTGATCCCACCTCCTTTIGAGCAGTCCAGG
ACCTCAGGCOTCY

CD3Z (intracellular Signaling Domain (Human CD3 £ sigoaling domain) (SEQ ID NO:
87}
AGAGTGAAGTTCAGCAGATCCGCCGACGCTCCTGCCTATCAGCAGGGCCAAAA
CCAGCTGTACAACGAGCTGAACCTGGGGAGAAGAGAAGAGTACGACGTGCTG
GACAAGCGGAGAGGCAGAGATCCTGAAATGGGUGGCAAGCCCCAGCGGAGAA
AGAATCCTCAAGAGGGCCTGTATAATGAGCTGCAAAAGGACAAGATGGCCGA
GGCCTACAGCCAGATCGGAATGAAGGGCGAGCGCAGAAGAGGCAAGGGACAC
GATGGACTGTACCAGGGCCTGAGCACCGCCACCAAGGATACCTATGATGCCCT
GCACATGCAGGCCCTGCCTCCAAGA

Human CD3 Z signaling domain truncated (CD3 Z truncated domain) (Other name:

Human CD3 ¢ signaling domain truncated; CD3 { truncated domain) (SEGQ ID NO: 28)
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AGAGTGAAGTTCAGCAGATCCGCCGACGCTCCTGUCTATCAGCAGGGCCAAAA
CCAGCTGTACAACGAGUTGAACCTGGGGAGAAGAGAAGAGTACGACGTGCTG
GACAAGCGGAGAGGCAGCAGATCCTGAAATGGGCGGCAAA

Human CD3 E signaling domain truncated (CD3 E truncated domain (Human CD3

e signaling domain truncated (CD3 ¢ truncated domain) (SEQ ID NO: 89)
CCTGTGACTAGAGGTGCTGOTGCTGOCGGUAGACAGAGAGGUCAGAACAAAG
AAAGACCTCCTCCTGTGCCTAATCOTGACTACGAGCCCATCCGGAAGGGCCAG
AGAGATCTGTACAGCGGCCTGAACCAGCGGAGAATC

Human CD3 ZE signaling domain (CD3 ZE domain) (Human CD3 (e signaling domain
{CD3 Ce domain) (SEQ 1D NO: 90)
AGAGTGAAGTTCAGCAGATCCGCCGACGCTCCTGCCTATCAGCAGGGCCAAAA
CCAGCTGTACAACGAGCTGAACCTGGOGAGAAGAGAAGAGTACGACGTGCTG
GACAAGCGGAGAGGCAGAGATCCTGAAATGGGCGGCAAGCCTGTGACTAGAG
GTGCTGGTGCTGGUGGLAGACAGAGAGGCCAGAACAAAGAAAGACCTCCTCC
TGTGCCTAATCCTGACTACGAGCCCATCCGGAAGGGCCAGAGAGATCTGTACA
GCGGCCTGAACCAGCGGAGAATC
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FMC63 scFY (CD8a Leader Light Chain Linker Heavy Chain CD8a Hinge) (CD19
hinding extracellular domain) (SEQ 1 NG: 91)
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGCTCTGCTTCTGCATGCC
GUCAGACCTCACATCCAGATGACCCAGACAACCAGCAGCCTGTCTGCCAGCCT
GGGCGATAGAGTGACCATCAGCTGTAGAGLCAGCCAGGACATCAGCAAGTAC
CTGAACTGGTATCAGCAGAAACCCGACGGCACCGTGAAGCTGCTGATCTACCA
CACCAGCAGACTGCACAGCGGUGTGUCAAGCAGATTTTCTGGCAGCGGCTETG
GCACCGACTACAGCCTGACCATCTCCAACCTGGAACAAGAGGATATCGCTACC
TACTICTGCCAGCAAGGCAACACCCTGCCTTACACCTTTGGUGGAGGCACCAA
GCTGGAAATCACAGGCGGCGGAGGAAGCGGAGGCGGAGGATCTGGTGGTGGT
GGATCTGAAGTGAAACTGCAAGAGTCTGGCCCTGGCCTGGTGGCCCCATCTCA
ATCTCTGAGCGTGACCTGTACCGTCAGCGGAGTGTCCCTIGCCTGATTATGGCGT
GTCCTGGATCCGGCAGCCTCCTAGAAAAGGCCTGGAATGGCTGGGCGTGATCT
GGGGCAGCGAGACAACCTACTACAACAGCGCCCTGAAGTCCCGGUTGACCATC
ATCAAGGACAACTCCAAGAGCCAGGTGTTCCTGAAGATGAACAGCCTCCAGALC
CGACGACACCGCCATCTACTATTGCGUCAAGCACTACTACTACGGCGGCAGCTY
ACGCCATGGATTATTGGGGLCAGGGCACCAGCGTGACCGTGTCTAGTACAACA
ACCCCTGCTCCTCGOUCTCCTACACCAGCTCCTACAATTGCCAGCCAGCCACTG
TCTCTGAGGCCCGAAGCTTGTAGACCTGCTGCTGGCGGAGCCGTGCATACAAG
AGGACTGGATTTCGCCTGC

019 (FMC63 scFV CDBa Transmembrane 4-1BB Signaling CD37 (Other names:
FMC63scHV BB _Z chimeric antigen receptor (CAR), CD19 BB 7) (SEQ ID NO: 92)
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGCTCTGCTTICTGCATGCC
GCCAGACCTGACATCCAGATGACCCAGACAACCAGCAGCCTGTCTGCCAGCCT
GGGCGATAGAGTGACCATCAGCTGTAGAGCCAGCCAGGACATCAGCAAGTAC
CTGAACTGGTATCAGCAGAAACCCGACGGCACCGTGAAGCTGCTGATCTACCA
CACCAGCAGACTGCACAGCGGOCGTGCCAAGCAGATTTTCTGGCAGCGGCTCTG
GCACCGACTACAGCCTGACCATCTCCAACCTGGAACAAGAGGATATCGCTACC
TACTTCTGCCAGCAAGGCAACACCCTGCCTTACACCTTTGGCGGAGGCACCAA
GCTGGAAATCACAGGUCGGCGGAGGAAGCGGAGGCGGAGGATCTGGTGGTGGT
GGATCTGAAGTGAAACTGCAAGAGTCTGGCCCTGGCCTGGTGGCCCCATCTICA
ATCTCTGAGCGTGACCTGTACCGTCAGCGGAGTGTCCCTGCCTGATTATGGCGT
GTCCTGGATCCGGCAGCCTCCTAGAAAAGGCCTGGAATGGCTGGGCGTGATCT
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GGGOGCAGCGAGACAACCTACTACAACAGCGLCCTGAAGTCCCGGUTGACCATC
ATCAAGGACAACTCCAAGAGCCAGGTGTTCCTGAAGATOGAACAGCCTCCAGAC
COGACGACACCGCCATCTACTATTGCGCCAAGCACTACTACTACGGCGGCAGCT
ACGCCATGGATTATTGOGGGCCAGGGCACCAGUCGTCGACCGTOTICTAGTACAACA
ACCCCTGCTCCTCGGUCTCCTACACCAGUTCCTACAATTGCCAGCCAGCCACTG
TCTCTGAGGCCCGAAGCTTGTAGACCTGCTGCTGGCGGAGCCGTGCATACAAG
AGGACTGGATTTCGCCTGUCGACATCTACATCTGGGLCCOTCTGGUTGGAACATG
TGGCGTGCTGCTGCTGAGCCTGGTCATCACCCTGTATTGCAAGCGGGGCAGAA
AGAAACTGCTCTACATCTTCAAGCAGCCCTTCATOGCGOGCCCOTGCAGACCACA
CAAGAGGAAGATGGCTGCTCCTGTCGUTTCCCCGAGGAAGAAGAAGGCGOCT
GCGAGCTGAGAGTGAAGTTCAGCAGATCCGCCGACGCTCCTGCCTATCAGCAG
GGCCAAAACCAGCTGTACAACGAGCTGAACCTOGOGAGAAGAGAAGAGTACG
ACGTGCTGGACAAGCGGAGAGGCAGAGATCCTGAAATGGGUGGCAAGTCCCA
GCGGAGAAAGAATCCTCAAGAGGGCCTGTATAATGAGCTGCAAAAGGACAAG
ATGGCCGAGGCCTACAGCGAGATCGGAATGAAGGGCGAGCGCAGAAGAGGCA
AGGGACACGATGGACTGTACCAGOGGUCTGAGCACCGUCACCAAGGATACCTAT
GATGCCCTGCACATGCAGGCCCTGCCTCCAAGATGA

CD19 (FMC63 scFVy CD28 Transmembrane CD28 Signaling CD3Z (Other names:
FMCO3scFV_28 2 CAR, UD19 28 _Z) (SEQ D NG 93)
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGCTCTGCTTCTGCATGCC
GCCAGACCTGACATCCAGATGACCCAGACAACCAGCAGCCTGTCTGCCAGCOT
GGGCGATAGAGTGACCATCAGCTGTAGAGCCAGCCAGGACATCAGCAAGTAC
CTGAACTGGTATCAGCAGAAACCCGACGGCACCGTGAAGCTGCTGATCTACCA
CACCAGCAGACTGCACAGCGGCGTGCCAAGCAGATTTTCTGGCAGCGGCTCTG
GCACCGACTACAGCCTGACCATCTCCAACCTGGAACAAGAGGATATCGCTACC
TACTTCTGCCAGCAAGGCAACACCCTGCCTTACACCTTTGGCGGAGGCACCAA
GCTGGAAATCACAGGCGGCGGAGGAAGCGGAGGCGOAGGATCTGOTGOTGGT
GGATCTGAAGTGAAACTGCAAGAGTCTGGCCCTGGCCTGGTGGCCCCATCTCA
ATCTCTGAGCGTGACCTGTACCGTCAGCGGAGTGTCCCTGCCTGATTATGGCGT
GTCCTGGATCCOGGCAGECTCCTAGAAAAGGCOTGOAATGOCTGGGCGTGATCT
GGGGCAGCGAGACAACCTACTACAACAGCGCCCTGAAGTCCCGGCTGACCATC
ATCAAGGACAACTCCAAGAGCCAGGTGTTCCTGAAGATGAACAGCCTCCAGAC
CGACGACACCGCCATCTACTATTGCGCCAAGCACTACTACTACGGCGGCAGCT
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ACGCCATGGATTATTGGGGCCAGOGGCACCAGCGTGACCOGTGTCTAGTACAACA
ACCCCTGCTCCTCGGCCTCCTACACCAGCTCCTACAATTGCCAGCCAGCCACTG
TCTCTGAGGCCCGAAGCTTGTAGACCTGCTGCTGGCGGAGCCGTGCATACAAG
AGOGACTOGATTICGCCTGCCTCTITCCCGGACCTAGCAAGCCTTTICTGGOTGET
COGITGTTOTTGGCGGCGTGCTGGCCTGTTACAGCCTGCTOGGTTACCGTGOCCTT
CATCATCTITTTGGOTCCGAAGCAAGCGGAGCCOGGCTOCTGCACAGCGACTACA
TGAACATGACCCCTAGACGGCCCGGACCAACCAGAAAGCACTACCAGCCTTAC
GCTCCTCCTAGAGACTTCGCCGCCTACAGATCTAGAGTGAAGTTCAGCAGATC
CGCCGACGCTCCTGCCTATCAGCAGGGCCAAAACCAGCTGTACAACGAGLTGA
ACCTGGGOAGAAGAGAAGAGTACGACGTGCTGGACAAGCGGAGAGGCAGAGA
TCCTGAAATGOGCGGCAAGUCCCAGUGGAGAAAGAATCCTCAAGAGGGCCTG
TATAATGAGCTGCAAAAGGACAAGATGGCCGAGGUCTACAGCGAGATCGGAA
TGAAGGGCGAGCGCAGAAGAGGCAAGGGACACGATGOACTOTACCAGGGCCT
GAGCACCGCCACCAAGGATACCTATGATGCCCTGCACATGCAGGCCCTGCCTC
CAAGATGA

CD19 (FMCo3 scF V) CD28 Transmembrane CD28 Signaling 4-1BB Signaling CD3Z
{Other names; FMC63scFVY 28 BBwi Z CAR, CD19 28 BBwt Z) (SEQ B NGO 94)
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGUTCTGCTICTGCATGCC
GUCCAGACCTGACATCCAGATGACCCAGACAACCAGCAGCCTGTCTGCCAGCCT
GGGCGATAGAGTGACCATCAGCTGTAGAGCCAGCCAGGACATCAGCAAGTAC
CTGAACTGGTATCAGCAGAAACCCGACGGCACCGTGAAGCTGCTGATCTACCA
CACCAGCAGACTGCACAGCGGUGTGCCAAGCAGATTTTCTGGCAGCGGCTCTG
GUACCGACTACAGCCTGACCATCTCCAACCTGGAACAAGAGGATATCGCTACC
TACTTCTGCCAGCAAGGCAACACCCTGCCTTACACCTTITGGCGGAGGCACCAA
GCTGGAAATCACAGGCGGCGGAGGAAGCGOAGGCGGAGGATCTGGTGGTGGT
GGATCTGAAGTGAAACTGCAAGAGTCTGGCCCTGGCCTGGTGGCCCCATCTCA
ATCTCTGAGLCGTGACCTGTACCOTCAGCGGAGTGTCCCTGCCTGATTATGGCGT
GTCCTGGATCCGGCAGCCTCCTAGAAAAGGCCTGGAATGGCTGGGCGTGATCT
GGGGCAGCGAGACAACCTACTACAACAGCGCCCTGAAGTCCCGGCTGACCATC
ATCAAGGACAACTCCAAGAGUCCAGGTIGTTCUTGAAGATGAACAGUCTCCAGAC
CGACGACACCGCCATCTACTATTGCGCCAAGCACTACTACTACGGCGGCAGCT
ACGCCATGGATTATTGGGGCCAGGGCACCAGUGTGACCGTGTCTAGTACAACA
ACCCCTGCTCCTCGGCCTCCTACACCAGCTCCTACAATTGCCAGCCAGCCACTG
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TCTCTGAGGCCCGAAGCTTGTAGACCTGCTGCTGOCGGAGCCGTGCATACAAG
AGGACTGOATTTCGCCTGCCTGTTTCCCGOACCTAGCAAGCCTTTCTGGGTGCT
COTITGTTGTTGOGCGGCGTGCTGGCCTGTTACAGCCTGCTGOGTTACCGTGGCCTT
CATCATCTTTTIGGOTCCGAAGCAAGLCGGAGCCGHUTOCTGCACAGCGACTACA
TGAACATGACCCCTAGACGGCCCOGACCAACCAGAAAGCACTACCAGCCTTAC
GCTCCTCCTAGAGACTTCOGCCGCCTACAGATCCAAGCGGGGCAGAAAGAAGCT
GCTGTACATCTTCAAGCAGCCCTTCATGCGGCCCGTGUAGACCACACAAGAGH
AAGATGGCTGCTCCTGTCGGTTCCCCGAGGAAGAAGAAGGCGGTTGCGAACTG
AGAGTCGAAGTTCAGCAGATCCGCCGACGCTCCTGUCTATCAGCAGGGCCAAAA
CCAGCTGTACAACGAGUTGAACCTGGGGAGAAGAGAAGAGTACGACGTGCTG
GACAAGCGGAGAGGCAGAGATCCTGAAATGGGCGGCAAGUCCCAGUGGAGAA
AGAATCCTCAAGAGGCGCCTGTATAATCGAGCTGCAAAAGGACAAGATGGCCGA
GGUCTACAGCGAGATCGGAATGAAGGGLCGAGCOGCAGAAGAGGCAAGGGACALC
GATGGACTGTACCAGGGCCTGAGCACCGCCACCAAGGATACCTATGATGCCCT
GCACATGCAGGCCCTGCCTCCAAGATGA

CD19 (FMC63 s¢FV) CD28 Transmembrane CD28 Signaling 4-1BB truncated

Signaling CD3Z (Other names: FMU63scFV 28 BBt 72 CAR, CD19 28 BBt 7 (SEQ
D NO: 95)
ATGGCTCTGCCTGTGACAGCTCTGCTGUTGCCTICTGGCTICTGCTICTGLATGCC
GCCAGACCTGACATCCAGATGACCCAGACAACCAGCAGCCTGTCTGCCAGCCT
GGGCGATAGAGTGACCATCAGCTGTAGAGCCAGCCAGGACATCAGCAAGTAC
CTGAACTGGTATCAGCAGAAACCCGACGGCACCGTGAAGCTGCTGATCTACCA
CACCAGCAGACTGCACAGCGGCGTGCCAAGCAGATTITTCTGGCAGCGGCTCTG
GCACCGACTACAGCCTGACCATCTCCAACCTGGAACAAGAGGATATCGCTACC
TACTTCTGCCAGCAAGGUAACACCCTGUCTTACACCTTTGOCGGAGGLCACCAA
GCTGGAAATCACAGGCGGCGGAGGAAGCGGAGGUCGGAGGATCTGGTGGTGGT
GGATCTGAAGTGAAACTGCAAGAGTCTGGCCCTGGCCTGGTGGUCCCATCTCA
ATCTCTGAGCGTGACCTGTACCGTCAGCGGAGTGTCCCTGCCTGATTATGGCGT
GTCCTGGATCCGGCAGCCTCCTAGAAAAGGCCTGGAATGGCTGGGCGTGATCT
GGGGCAGCGAGACAACCTACTACAACAGUGCCCTGAAGTCCCGGCTGACCATC
ATCAAGGACAACTCCAAGAGCCAGGTGTTCCTGAAGATGAACAGCCTCCAGAC
CGACGACACCGCCATCTACTATTGUGCCAAGCACTACTACTACGGCGGCAGCT
ACGCCATGGATTATTGGGGCCAGGGCACCAGCGTGACCGTGTICTAGTACAACA
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ACCCCTGOTCCTCGGLCTCCTACACCAGCTCCTACAATTGCCAGCCAGCCACTG
TCTCTGAGGCCCGAAGCTTGTAGACCTGCTGCTGGCGGAGCCGTGCATACAAG
AGGACTGGATTTCGCCTGCCTGTTICCCGGACCTAGCAAGCCTTITCTGGOTGCT
CCITGTTGTTGOCOGGCGTGCTGGCCTGTTACAGCCTOOTOGOTTACCGTGOGOCTT
CATCATCTTTTGGGTCCGAAGCAAGCGGAGCCGGCTGUCTGCACAGCGACTACA
TGAACATGACCCCTAGACGGCCCGGACCAACCAGAAAGCACTACCAGCCTTAC
GCTCCTCCTAGAGACTTCGCCGCCTACAGATCCCAGCCTTITCATGAGGCCTGTG
CAGACCACACAAGAAGAGGACGGCTGCTCCTGTICGGTTCCCCGAGGAAGAGG
AAGOCGOTTGCGAACTTAGAGTGAAGTICAGCAGATCCGCCGACGCTCCTGUC
TATCAGCAGGGUCAAAACCAGCTGTACAACGAGCTGAACCTGGGGAGAAGAG
AAGAGTACGACGTGCTGGACAAGUGGAGAGGUAGAGATCCTGAAATGGGUGG
CAAGCCCCAGCGGAGAAAGAATCCTCAAGAGGGCCTGTATAATCGAGCTGCAA
AAGGACAAGATCGGCCGAGGCCTACAGCGAGATCGGAATCGAAGGGCGAGCGCA
GAAGAGGCAAGGGACACGATGGACTGTACCAGGGCCTGAGCACCGCCACCAA
GGATACCTATGATGCCCTGCACATGCAGGCCCTGCCTCCAAGATGA

CD19 (FMC63 scF V) CD28 Trangmembrane CD28 Signaling OX-40 Truncated
Signaling CD3Z (Other names: FMU63scFV 28 OX40t Z CAR, CIX9 28 OX40t &)
{(SEQ ID NO: 96)
ATGGCTCTGCCTGTGACAGCTCTGCTGUTGCCTICTGGCTICTGCTICTGLATGCC
GCCAGACCTGACATCCAGATGACCCAGACAACCAGCAGCCTGTCTGCCAGCCT
GGGCGATAGAGTGACCATCAGCTGTAGAGCCAGCCAGGACATCAGCAAGTAC
CTGAACTGGTATCAGCAGAAACCCGACGGCACCGTGAAGCTGCTGATCTACCA
CACCAGCAGACTGCACAGCGGCGTGCCAAGCAGATTITTCTGGCAGCGGCTCTG
GCACCGACTACAGCCTGACCATCTCCAACCTGGAACAAGAGGATATCGCTACC
TACTTCTGCCAGCAAGGUAACACCCTGUCTTACACCTTTGOCGGAGGLCACCAA
GCTGGAAATCACAGGCGGCGGAGGAAGCGGAGGUCGGAGGATCTGGTGGTGGT
GGATCTGAAGTGAAACTGCAAGAGTCTGGCCCTGGCCTGGTGGUCCCATCTCA
ATCTCTGAGCGTGACCTGTACCGTCAGCGGAGTGTCCCTGCCTGATTATGGCGT
GTCCTGGATCCGGCAGCCTCCTAGAAAAGGCCTGGAATGGCTGGGCGTGATCT
GGGGCAGCGAGACAACCTACTACAACAGUGCCCTGAAGTCCCGGCTGACCATC
ATCAAGGACAACTCCAAGAGCCAGGTGTTCCTGAAGATGAACAGCCTCCAGAC
CGACGACACCGCCATCTACTATTGUGCCAAGCACTACTACTACGGCGGCAGCT
ACGCCATGGATTATTGGGGCCAGGGCACCAGCGTGACCGTGTICTAGTACAACA
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ACCCCTGOTCCTCGGLCTCCTACACCAGCTCCTACAATTGCCAGCCAGCCACTG
TCTCTGAGGCCCGAAGCTTGTAGACCTGCTGCTGGCGGAGCCGTGCATACAAG
AGGACTGGATTTCGCCTGCCTGTTICCCGGACCTAGCAAGCCTTITCTGGOTGCT
COTTGTTCTTGGCOGGCOTGCTGGCCTGTTACAGCCTGCTOGTTACCGTGOCCTT
CATCATCTTTTGGGTCCGAAGCAAGCGGAGCCGGCTGUCTGCACAGCGACTACA
TGAACATGACCCCTAGACGGCCCGGACCAACCAGAAAGCACTACCAGCCTTAC
GCTCCTCCTAGAGACTTCGCCGCCTACAGATCTGGCGGCGGAAGCTTICAGAAC
CCCTATCCAAGAGGAACAGGCCGACGCTCACTCTACACTGGCTAGAGTGAAGT
TCAGCAGATCCGCCOACGCTCCTOGCCTATCAGCAGGGUCCAAAACCAGCTGTAC
AACGAGCTGAACCTGGGGAGAAGAGAAGAGTACGACGTGCTGGACAAGCGGA
GAGGCAGAGATCCTGAAATGGGUGGUAAGCCCCAGCGGAGAAAGAATCCTCA
AGAGGGCCTGTATAATGAGCTGCAAAAGGACAAGATGGCCGAGGCCTACAGC
GAGATCGGAATOAAGGGCGAGCGCAGAAGAGGCAAGGGACACGATGGACTGT
ACCAGGGCCTGAGCACCGCCACCAAGGATACCTATGATGCCCTGCACATGCAG
GCCCTGCCTCCAAGATGA

CD19 (FMC63 s¢FV) ICOS Transmembrane ICOS Signaling CD3Z (Gther names:
FMC63scFY ICOS 7 CAR, CD1¢ ICOS Z (SEQ D NG 97)
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGUTCTGCTICTGCATGCC
GUCCAGACCTGACATCCAGATGACCCAGACAACCAGCAGCCTGTCTGCCAGCCT
GGGCGATAGAGTGACCATCAGCTGTAGAGCCAGCCAGGACATCAGCAAGTAC
CTGAACTGGTATCAGCAGAAACCCGACGGCACCGTGAAGCTGCTGATCTACCA
CACCAGCAGACTGCACAGCGGUGTGCCAAGCAGATTTTCTGGCAGCGGCTCTG
GUACCGACTACAGCCTGACCATCTCCAACCTGGAACAAGAGGATATCGCTACC
TACTTCTGCCAGCAAGGCAACACCCTGCCTTACACCTTITGGCGGAGGCACCAA
GCTGGAAATCACAGGCGGCGGAGGAAGCGOAGGCGGAGGATCTGGTGGTGGT
GGATCTGAAGTGAAACTGCAAGAGTCTGGCCCTGGCCTGGTGGCCCCATCTCA
ATCTCTGAGLCGTGACCTGTACCOTCAGCGGAGTGTCCCTGCCTGATTATGGCGT
GTCCTGGATCCGGCAGCCTCCTAGAAAAGGCCTGGAATGGCTGGGCGTGATCT
GGGGCAGCGAGACAACCTACTACAACAGCGCCCTGAAGTCCCGGCTGACCATC
ATCAAGGACAACTCCAAGAGUCCAGGTIGTTCUTGAAGATGAACAGUCTCCAGAC
CGACGACACCGCCATCTACTATTGCGCCAAGCACTACTACTACGGCGGCAGCT
ACGCCATGGATTATTGGGGCCAGGGCACCAGUGTGACCGTGTCTAGTACAACA
ACCCCTGCTCCTCGGCCTCCTACACCAGCTCCTACAATTGCCAGCCAGCCACTG
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TCTCTGAGGCCCGAAGCTTGTAGACCTGCTGCTGOCGGAGCCGTGCATACAAG
AGGACTGOATTTCGCCTGCAGCCAGCTGTGCTGUCAGCTGAAGTTCTGGCTGCC
TATTGGCTGCGCCGCCTTCOTGOTTOGTGTGTATCCTGGGCTOGCATCCTGATCTG
CTOGGCTOACCAAGAAAAAGTACAGCAGCAGCGTGCACGACCCCAACGGCGAG
TACATGTTCATGAGAGCCGTGAACACCGUCAAGAAGTCCAGACTGACCGACGT
GACACTGAGAGTGAAGTTCAGCAGATCCGCCGACGCTCCTGCCTATCAGCAGG
GCCAAAACCAGCTGTACAACGAGCTGAACCTGGGOAGAAGAGAAGAGTACGA
COGTGCTGGACAAGCGGAGAGGCAGAGATCCTGAAATGGGCGGCAAGCCCCAG
CGGAGAAAGAATCCTCAAGAGGGCCTGTATAATGAGCTGCAAAAGGACAAGA
TGGCCGAGGCCTACAGUCGAGATCGGAATGAAGGOCGAGCGCAGAAGAGGCAA
GGGACACGATGGACTGTACCAGGGCCTGAGCACCGCCACCAAGGATACCTATG
ATGCCCTGCACATGCAGGCCCTGCCTCCAAGATGA

CD19 (FMC63 scFV) ICOS Transmembrane ICOS Signaling 4-1BB Signaling CD3Z
(Other names: FMC63scFV ICOS BBwt Z CAR, CDI19 ICOS BBwt Z) (SEQ ID NO:
98}
ATGGCTCTGCCTIGTGACAGCTCTGCTGCTGCCTCTGGCTCTGCTTICTGCATGCC
GCCAGACCTGACATCCAGATGACCCAGACAACCAGCAGCCTGTCTGCCAGCOT
GGOCGATAGAGTGACCATCAGCTGTAGAGCCAGCCAGGACATCAGCAAGTAC
CTGAACTOGOTATCAGCAGAAACCCCGACGGCACCOTOGAAGCTGCTGATCTACCA
CACCAGCAGACTGCACAGCGGCGTGCCAAGCAGATTTTCTGGCAGCGGCTCTG
GCACCGACTACAGCCTCGACCATCTCCAACCTGGAACAAGAGOATATCGUTACC
TACTTCTGCCAGCAAGGCAACACCCTGCCTTACACCTTTGGCGGAGGCACCAA
GCTGGAAATCACAGGCGGCGGAGGAAGCGGAGGCGGAGGATCTGGTGOGTGGT
GGATCTGAAGTGAAACTGCAAGAGTCTGGCCCTGGCCTGGTGGCCCCATCTCA
ATCTCTGAGCGTGACCTGTACCGTCAGCGGAGTGTCCCTGCCTGATTATGGCGT
GTCCTGGATCCGGCAGCCTICCTAGAAAAGGCCTGGAATGGCTGGGCGTGATCT
GGOGCAGCGAGACAACCTACTACAACAGCGCCCTGAAGTCCCGGITCGACCATC
ATCAAGGACAACTCCAAGAGCCAGGTGTTCCTGAAGATGAACAGCCTCCAGAC
CGACGACACCGCCATCTACTATTGCGCCAAGCACTACTACTACGGCGGCAGCT
ACGCCATGGATTATTGGGGCCAGGOGCACCAGCGTOACCGTGTCTAGTACAACA
ACCCCTGCTCCTCOGCCTCCTACACCAGCTCCTACAATTGCCAGCCAGCCACTG
TCTCTGAGGCCCGAAGCTTGTAGACCTGUTOCTGGCGGAGCCGTGUATACAAG
AGGACTGGATTTCGCCTGCAGCCAGCTGTGCTGCCAGCTGAAGTTCTGGCTGCC
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TATTGGCTGCGCCGCCTTCGTGGTITGTGTGTATCCTGGGCTGCATCCTGATCTG
CTGGUTGACCAAGAAAAAGTACAGCAGCAGCGTGCACGACCCCAACGGLGAG
TACATGTTCATGAGAGCCGTGAACACCGCCAAGAAGTCCAGACTGACCGACGT
GACCCTGAAGCGOGGCAGAAAGAAGCTOUTOTATATCTICAAGCAGCCCTTCA
TGCOGGUCCCGTGCAGACCACACAAGAGGAAGATGOCTGCTCCIGTCGGTTICCCO
GAGGAAGAAGAAGGCGGTTGCGAACTGAGAGTGAAGTTCAGCAGATCCGCCG
ACGUCTCCTGCCTATCAGCAGGGCCAAAACCAGCTGTACAACGAGCTGAACCTIG
GGGAGAAGAGAAGAGTACGACGTGCTGGACAAGCGGAGAGGCAGAGATCCTG
AAATGOGCGOCAAGCCCCAGCGGAGAAAGAATCCTCAAGAGGGCCTGTATAA
TGAGCTGCAAAAGGACAAGATGGCCGAGOCCTACAGCGAGATCGGAATGAAG
GGUGAGCGCAGAAGAGGCAAGGGACACGATGGACTGTACCAGGGUCTGAGCA
CCGCCACCAAGGATACCTATGATOCCCTGCACATGCAGGCCCTGCCTCCAAGA
TGA

CD19 (FMC63 s¢FV) ICOS Transmembrane ICOS Signaling 4-1BB Truncated
Signaling CD3¥ (Other names: FMC63scFV_ICOS BBt 7 CAR, CD19 ICOS BBt Z
{(SEQ 1D NO: 9%
ATGGCTCTGCCTGTCACAGCTCTGOTGCTGCCTCTGGCTCTGCTTCTGCATGCC
GCCAGACCTGACATCCAGATGACCCAGACAACCAGCAGCCTGTCTGCCAGCCT
GGGUGATAGAGTGACCATCAGCTGTAGAGUCAGCCAGGACATCAGCAAGTAL
CTGAACTGGTATCAGCAGAAACCCGACGGCACCGTGAAGCTGCTGATCTACCA
CACCAGCAGACTGCACAGCGGCOTGCCAAGCAGATTTTCTGGCAGCGGCTCTG
GCACCGACTACAGCCTGACCATCTCCAACCTGGAACAAGAGGATATCGCTACC
TACTTCTGCCAGCAAGGCAACACCCTGCCTTACACCTTTGGCGGAGGCACCAA
GCTGGAAATCACAGGCGGCGGAGGAAGCGGAGGCGGAGGATCTGGTGGTGGT
GGATCTGAAGTGAAACTGCAAGAGTCTGGCCCTGOCCTGGTGGCCCCATCTCA
ATCTCTGAGCGTGACCTGTACCGTCAGCGGAGTGTCCCTGCCTGATTATGGCGT
GTCCTGGATCCGGCAGCCTCUTAGAAAAGGCCTGGAATGGCTGGGCGTGATCT
GGGGCAGCGAGACAACCTACTACAACAGCGCCCTGAAGTCCCGGCTGACCATC
ATCAAGGACAACTCCAAGAGCCAGGTGTTCCTGAAGATGAACAGCCTCCAGAC
COACGACACCGUCATCTACTATTGCGUCAAGCACTACTACTACGGCGGCAGCT
ACGCCATGGATTATTGGGGCCAGGGCACCAGCGTGACCGTGTCTAGTACAACA
ACCCCTGCTCCTCGOUCTCCTACACCAGCTCCTACAATTGCCAGCCAGCCACTG
TCTCTGAGGCCCGAAGCTTGTAGACCTGCTGCTGGCGGAGCCGTGCATACAAG
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AGGACTGGATTTCGUCCTGCAGCCAGCTGTGCTGCCAGCTGAAGTTCTGGCTGCC
TATTGGCTGCGCCGCCTTCOTGGTTGTOTGTATCCTGGGUTGCATCCTGATETG
CTOGGCTGACCAAGAAAAAGTACAGCAGCAGCGTGCACGACCCCAACGGCGAG
TACATOTTCATGAGAGUCGTGAACACCGCCAAGAAGTCCAGACTGACCGACGT
GACCCTCCAGCCTTTCATGAGGCCTGTGCAGACCACACAAGAAGAGGACGGCT
GCTCCTOTCGOTTCCCCGAGGAAGAGGAAGGCGGTTGCGAACTTAGAGTGAAG
TTCAGCAGATCCGCCGACGUTCCTGUCTATCAGCAGGGCCAAAACCAGCTGTA
CAACGAGCTGAACCTGGGGAGAAGAGAAGAGTACGACGTGCTGGACAAGCGEG
AGAGGCAGAGATCCTGAAATGOGGCOGCAAGCCCCAGCGGAGAAAGAATCCTC
AAGAGGGUCTGTATAATGAGCTGCAAAAGGACAAGATGOGCCGAGGCCTACAG
COGAGATCGGAATGAAGGGCGAGCGCAGAAGAGGCAAGGGACACGATGGACTG
TACCAGGGCCTGAGCACCGCCACCAAGGATACCTATGATGCCCTGCACATGCA
GGUCCTGCCTCCAAGATGA

CD19 (FMC63 s¢FV) ICOS Transmembrane ICOS Signaling OX-40 Truncated

Signaling CD3% (Other names: FMC63scFV _ICOS OX40t Z CAR,

CDI9 ICOS OX40t Z (SEQ ID NO: 100)
ATGGCTCTGCCTGTGACAGCTCTGOTGCTGCCTCTGGCTCTGCTTCTGCATGCC
GCCAGACCTGACATCCAGATGACCCAGACAACCAGCAGCCTGTCTGCCAGCCT
GGGCGATAGAGTGACCATCAGCTGTAGAGCCAGCCAGGACATCAGCAAGTAC
CTGAACTGGTATCAGCAGAAACCCGACGGCACCGTGAAGCTGCTGATCTACCA
CACCAGCAGACTGCACAGCOGCGTGCCAAGCAGATTTTCTGGCAGCGGCTCTG
GCACCGACTACAGCCTGACCATCTCCAACCTGGAACAAGAGGATATCGCTACC
TACTTCTGCCAGCAAGGCAACACCCTGCCTTACACCTTTGGUCGGAGGCACCAA
GCTGGAAATCACAGGCGGCGGAGGAAGCGGAGGCGGAGGATCTGGTGGTGGT
GGATCTGAAGTGAAACTGCAAGAGTCTOGGCCCTGGCCTGOTGOGCCCCATCTCA
ATCTCTGAGCGTGACCTGTACCGTCAGCGGAGTGTCCCTGCCTGATTATGGCGT
GTCCTGOATCCGGCAGCCTCCTAGAAAAGGCCTGGAATGGCTGGGCEGTGATCT
GGGGCAGCGAGACAACCTACTACAACAGCGCCCTGAAGTCCCGGUTGACCATC
ATCAAGGACAACTCCAAGAGCCAGGTGTTCCTGAAGATGAACAGCCTCCAGAL
COACGACACCGCCATCTACTATTGCGCCAAGCACTACTACTACGGCGGCAGCT
ACGCCATGGATTATTGGGGCCAGGGCACCAGCGTGACCGTGTCTAGTACAACA
ACCCCTGCTCCTCGGUCTCCTACACCAGCTCCTACAATTGCCAGCCAGCCACTG
TCTCTGAGGCCCGAAGCTTGTAGACCTGCTGCTGGCGGAGCCGTGCATACAAG
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AGGACTGGATTTCGUCCTGCAGCCAGCTGTGCTGCCAGCTGAAGTTCTGGCTGCC
TATTGGCTGCGCCGCCTTCOTGGTTGTOTGTATCCTGGGUTGCATCCTGATETG
CTOGGCTGACCAAGAAAAAGTACAGCAGCAGCGTGCACGACCCCAACGGCGAG
TACATOTTCATGAGAGUCGTGAACACCGCCAAGAAGTCCAGACTGACCGACGT
GACACTCGGCGGAGGCAGCTTTAGAACCCCTATCCAAGAGGAACAGGCCGAL
GCTCACTCTACACTGGCTAGAGTGAAGTTCAGCAGATCCGCCGACGCTCCTGC
CTATCAGCAGGGCCAAAACCAGUTGTACAACGAGCTGAACCTGGGGAGAAGA
GAAGAGTACGACGTGCTGGACAAGCGGAGAGGCAGAGATCCTGAAATGGGCG
GUAAGCCCCAGCGGAGAAAGAATCCTCAAGAGOGCCTGTATAATGAGCTGCA
AAAGGACAAGATGGCCGAGGUCTACAGCGAGATCGGAATGAAGGGCGAGTUGC
AGAAGAGGUAAGGGACACGATGGACTGTACCAGGGCCTGAGCACCGCCACCA
AGOATACCTATGATGCCCTGCACATGCAGGCCCTGCCTCCAAGATGA

CD1O (FMC63 scF V) ICOS Transmembrane 1COS Signaling (mini CD28

Signaling) CD3Z (Other names: FMC63scFY _ICOS{(28) Z CAR, CD19 ICOS(28) 2
{(SEG ID NO: 10D
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGCTCTGCTTCTGCATGCC
GCCAGACCTGACATCCAGATCGACCCAGACAACCAGCAGCCTGTCTGCCAGCCT
GGGCGATAGAGTGACCATCAGCTGTAGAGCCAGCCAGGACATCAGCAAGTALC
CTGAACTGGTATCAGCAGAAACCCGACGGCACCGTGAAGCTGCTGATCTACCA
CACCAGCAGACTGCACAGCGGCGTGCCAAGCAGATTTTCTGGCAGCGGCTCTG
GCACCGACTACAGCCTOACCATCTCCAACCTGOAACAAGAGGATATCGCTACC
TACTTCTGCCAGCAAGGCAACACCCTGCCTTACACCTTTGGCGGAGGCACCAA
GUTGGAAATCACAGGCGGCGGAGGAAGCGGAGGCGGAGGATCTOGTGOTGET
GGATCTGAAGTGAAACTGCAAGAGTCTGGCCCTGGCCTGGTGGCCCCATCTCA
ATCTCTGAGCGTGACCTGTACCGTCAGCGGAGTGTCCCTGCCTGATTATGGCGT
GTCCTGGATCCGGCAGCCTCCTAGAAAAGGCCTGGAATGGCTGGGCGTGATCT
GGGGCAGCGAGACAACCTACTACAACAGCGCCCTGAAGTCCCGGUTGACCATC
ATCAAGGACAACTCCAAGAGCCAGGTGTTCCTGAAGATGAACAGCCTICCAGAC
CGACGACACCGCCATCTACTATTGCGCCAAGCACTACTACTACGGCGGCAGCT
ACGCCATGGATTATTGGGGUCAGGGCACCAGCGTGACCGTGTCTAGTACAACA
ACCCCTGCTCCTCOGCCTCCTACACCAGCTCCTACAATTGCCAGCCAGCCACTG
TCTCTGAGGUCCGAAGCTTGTAGACCTGUTGCTGGCGGAGCCGTGCATACAAG
AGGACTGGATTTCGCCTGCAGCCAGCTGTGOTGCCAGCTGAAGTTCTGGCTGCC
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TATTGGCTGCGCCGCCTTICGTGGTTGTGTGTATCCTGGGCTGCATCCTGATCTG
CTGGUTGACCAAGAAAAAGTACAGCAGCAGCGTGCACGACCCCAACGGLGAG
TACATGTTCATGACCCCTAGACGGCCCGGACCTACCAGAAAGCACTACCAGCC
TTACGCTCCTCCTCGGGUCOTGAACACAGUCAAGAAAAGCAGACTGACCGACG
TGACCCTGAGAGTGAAGTTCAGCAGATCCGCCGACGCTCCTGCCTATCAGCAG
GOCCAAAACCAGCTGTACAACGAGCTGAACCTGGGCAGAAGAGAAGAGTACG
ACGTGUTGGACAAGCGGAGAGGCAGAGATCCTGAAATGGGCGGCAAGCCCCA
GCGGAGAAAGAATCCTCAAGAGGGCCTGTATAATGAGCTGCAAAAGGACAAG
ATGOCCGAGGCCTACAGCGAGATCGGAATGAAGOGCGAGCGCAGAAGAGGCA
AGGOACACGATGGACTGTACCAGGGUCTGAGCACCGCCACCAAGGATACCTAT
GATGCCCTGUACATGCAGGCCCTGCCTCCAAGATGA

CDI9 (FMCH3 sclV)y ICOS Transmembrane ICOS Signaling (reint CD23 Signaling) 4-
1BB Truncated Signaling CD3Z (Other names: FMCG3scFY ICOS(28) BBt Z CAR,|
CD19_ICOS(28) BBt Z2) (SEQ ID NG 102)
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGCTCTGCTTCTGCATGCC
GCCAGACCTGACATCCAGATGACCCAGACAACCAGCAGCCTGTCTGCCAGCCY
GGGCGATAGAGTGACCATCAGCTOTAGAGCCAGCCAGGACATCAGCAAGTAC
CTGAACTGOTATCAGCAGAAACCCGACGGCACCGTGAAGCTGCTGATCTACCA
CACCAGCAGACTGCACAGCGOCOGTGCCAAGCAGATTTICTGGCAGCGGCTCTG
GCACCGACTACAGCCTGACCATCTCCAACCTGGAACAAGAGGATATCGCTACC
TACTTCTGCCAGCAAGGCAACACCCTGCUTTACACCTTTGGCGGAGGCACCAA
GCTGGAAATCACAGGCGGCGGAGGAAGCGGAGGCGGAGGATCTGGTGGTGGT
GGATCTGAAGTGAAACTGCAAGAGTCTGGCCCTGGCCTGGTGGCCCCATCTCA
ATCTCTGAGCGTGACCTGTACCGTCAGCGGAGTGTCCCTGCCTCGATTATGGCGT
GTCCTGGATCCGGCAGCCTCCTAGAAAAGGCCTGOAATGGCTCGGGLCGTGATCT
GGOGGCAGCGAGACAACCTACTACAACAGCGCCCTGAAGTCCCGGCTGACCATC
ATCAAGGACAACTCCAAGAGCCAGGTOTTCCTGAAGATGAACAGCCTCCAGAC
CGACGACACCGCCATCTACTATTGCGCCAAGCACTACTACTACGGCGGCAGCT
ACGCCATGGATTATTGGGGCCAGGGCACCAGCGTGACCGTGTCTAGTACAACA
ACCCCTOCTCCTCGGCCTCCTACACCAGCTCCTACAATTOGCCAGUCAGCCALTG
TCTCTGAGGCCCGAAGCTTGTAGACCTGCTGCTGGCGGAGCCGTGCATACAAG
AGGACTGGATTTCGCCTGCAGUCAGCTGTGUTGCCAGUTGAAGTTCTGOGCTGEC
TATTGGCTGCGCCGCCTTICGTGGTITGTGTGTATCCTGGGCTGCATCCTGATCTG
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CTGGCTGACCAAGAAAAAGTACAGCAGCAGCGTGCACGACCCCAACGGCGAG
TACATGTTCATGACCCCTAGACGGCCCGGACCTACCAGAAAGCACTACCAGCC
TTACGCTCCTCCTCGGGUCCOTGAACACAGCCAAGAAAAGCAGACTGACCGACG
TGACCCTCCAGCCTTTCATGAGGCCTOTGCAGACCACACAAGAAGAGGACGEC
TGCTCCTOTCGOTTCCCCGAGGAAGAGGAAGGCGGTTGCGAACTTAGAGTGAA
GTTCAGCAGATCCGCCGACGCTCCTGCCTATCAGCAGGGCCAAAACCAGCTGT
ACAACGAGUTGAACCTGGGGAGAAGAGAAGAGTACGACGTGCTGGACAAGCG
GAGAGGCAGAGATCCTGAAATGGGCGGCAAGCCCCAGCGGAGAAAGAATCCT
CAAGAGOGCCTOTATAATGAGCTGCAAAAGGACAAGATGOCCGAGGUCTACA
GCGAGATCGGAATGAAGGGCGAGCGCAGAAGAGGCAAGGGACACGATGGACT
GTACCAGGGUCTGAGCACCGLCACCAAGGATACCTATGATGUCCTGUACATEC
AGGCCCTGCCTCCAAGATGA

CD1O (FMC63 scF V) ICOS Transmembrane 1COS Signaling (mini CD28

Signaling) OX-40 Truncated Signaling CD3Z (Gther names:

FMC63scHFV ICOS(28) 40t Z CAR, CD19 ICOS(28) 40t 7y (SEQ 1D NO: 103)
ATGGCTCTGCCTIGTGACAGCTCTGCTGCTGCCTCTGGCTCTGCTTICTGCATGCC
GCCAGACCTGACATCCAGATCGACCCAGACAACCAGCAGCCTGTCTGCCAGCCT
GGGCGATAGAGTGACCATCAGCTGTAGAGCCAGCCAGGACATCAGCAAGTALC
CTGAACTGGTATCAGCAGAAACCCGACGGCACCGTGAAGCTGCTGATCTACCA
CACCAGCAGACTGCACAGCGGCGTGCCAAGCAGATTTTCTGGCAGCGGCTCTG
GCACCGACTACAGCCTOACCATCTCCAACCTGOAACAAGAGGATATCGCTACC
TACTTCTGCCAGCAAGGCAACACCCTGCCTTACACCTTTGGCGGAGGCACCAA
GUTGGAAATCACAGGCGGCGGAGGAAGCGGAGGCGGAGGATCTOGTGOTGET
GGATCTGAAGTGAAACTGCAAGAGTCTGGCCCTGGCCTGGTGGCCCCATCTCA
ATCTCTGAGCGTGACCTGTACCGTCAGCGGAGTGTCCCTGCCTGATTATGGCGT
GTCCTGGATCCGGCAGCCTCCTAGAAAAGGCCTGGAATGGCTGGGCGTGATCT
GGGGCAGCGAGACAACCTACTACAACAGCGCCCTGAAGTCCCGGCTGACCATC
ATCAAGGACAACTCCAAGAGCCAGGTGTTCCTGAAGATGAACAGCCTCCAGAC
CGACGACACCGCCATCTACTATTGCGCCAAGCACTACTACTACGGCGGCAGCT
ACGCCATGGATTATTGGGGUCAGGGCACCAGCGTGACCGTGTCTAGTACAACA
ACCCCTGCTCCTCOGCCTCCTACACCAGCTCCTACAATTGCCAGCCAGCCACTG
TCTCTGAGGUCCGAAGCTTGTAGACCTGUTGCTGGCGGAGCCGTGCATACAAG
AGGACTGGATTTCGCCTGCAGCCAGCTGTGOTGCCAGCTGAAGTTCTGGCTGCC
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TATTGGCTGCGCCGCCTTICGTGGTTGTGTGTATCCTGGGCTGCATCCTGATCTG
CTGGUTGACCAAGAAAAAGTACAGCAGCAGCGTGCACGACCCCAACGGLGAG
TACATGTTCATGACCCCTAGACGGCCCGGACCTACCAGAAAGCACTACCAGCC
TTACGCTCCTCCTCGGGUCOTGAACACAGUCAAGAAAAGCAGACTGACCGACG
TGACACTCOGCGGAGGCAGCTTTAGAACCCCTATCCAAGAGGAACAGGCCGAC
GCTCACTCTACACTGGCTAGAGTGAAGTTCAGCAGATCCGCCGACGCTCCTGC
CTATCAGCAGGGCCAAAACCAGUTGTACAACGAGCTGAACCTGGGGAGAAGA
GAAGAGTACGACGTGCTGGACAAGCGGAGAGGCAGAGATCCTGAAATGGGCG
GUAAGCCCCAGCGGAGAAAGAATCCTCAAGAGOGCCTGTATAATGAGCTGCA
AAAGGACAAGATGGCCGAGGUCTACAGCGAGATCGGAATGAAGGGCGAGTUGC
AGAAGAGGUAAGGGACACGATGGACTGTACCAGGGCCTGAGCACCGCCACCA
AGOATACCTATGATGCCCTGCACATGCAGGCCCTGCCTCCAAGATGA

CD19 ICOSBBt £t CAR (CD19 binding extracetiular domain- ICOS DS-truncated
CDI137 intracellular domain- CD3Ztruncated domain) (Other names:

FMC63scFV _ICOS BBt Zi CAR CD19 ICOS BBt 7t (SEG ID NO: 104)
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGCTCTGCTTCTGCATGLC
GCCAGACCTGACATCCAGATCGACCCAGACAACCAGCAGCCTGTCTGCCAGCCT
GGGCGATAGAGTGACCATCAGCTGTAGAGCCAGCCAGGACATCAGCAAGTAC
CTGAAUTGGTATCAGCAGAAACCCGACGGCACCGTGAAGCTGCTGATCTACCA
CACCAGCAGACTGCACAGCGGCGTGCCAAGCAGATTTTCTGGCAGCGGCTCTG
GCACCGACTACAGCCTGACCATCTCCAACCTGGAACAAGAGGATATCGUTACC
TACTTCTGCCAGCAAGGCAACACCCTGCCTTACACCTTTGGCGGAGGCACCAA
GUTGGAAATCACAGGCGGCGGAGGAAGCGGAGGCGGAGGATCTOGTGOTGET
GOATCTGAAGTGAAACTGCAAGAGTCTGGCCCTGGCCTGGTGGUCCCATCTCA
ATCTCTGAGCGTGACCTGTACCGTCAGCGGAGTOGTCCCTGCCTGATTATGGCGT
GTCCTGGATCCGGCAGCCTCCTAGAAAAGGCCTGGAATGGCTGGGCGTGATCT
GGGGCAGCGAGACAACCTACTACAACAGCGCCCTGAAGTCCCGGCTGACCATC
ATCAAGGACAACTCCAAGAGCCAGGTGTTCCTGAAGATGAACAGCCTCCAGAC
CGACGACACCGCCATCTACTATTGC GCCAAGCACTACTACTACGGCGGCAGCT
ACGCCATGGATTATTGGGGLCAGGGCACCAGCGTGACCGTGTCTAGTACAACA
ACCCCTGCTCCTCGGCCTCCTACACCAGCTCCTACAATTGCCAGCCAGCCACTG
TCTCTGAGGCCCGAAGCTTGTAGACCTGCTGCTGGCGGAGCCGTGCATACAAG
AGGACTGGATTTCGCCTGCAGCCAGCTGTGCTGTCAGCTGAAGTTCTGGCTGCC
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TATCGGCTGUCGCCGCCTTITGTGOTTGTGTGTATCCTGGOGCTGCATCCTGATCTG
CTGGUTGACCAAGAAAAAGTACAGCAGCAGCGTGCACGACCCCAACGGLGAG
TACATGTTCATGAGAGCCGTGAACACCGCCAAGAAGTCCAGACTGACCGACGT
GACCCTCCAGUCCTTTCATGAGOGCCTGTGLAGACCACACAAGAAGAGGACGGLT
GCTCCTOTCGOTITCCCCGAGGAAGAGGAAGGUGGTTGCGAGCTCGAGAGTGAAG
TTCAGCAGATCCGCCCACGCTCCTGCCTATCAGCAGGGCCAAAACCAGCTGTA
CAACGAGCTGAACCTGGGGAGAAGAGAAGAGTACGACGTGCTGGACAAGEGEG
AGAGGCAGAGATCCTGAAATGGGCGGCAAATGA

CD19 ICOSBBt ZE CAR (CD19 binding extracellular domain- ICOS DS -truncated
CD137 intracellular domain- CD3ZE domain) (Other names: FMCo3sckV_ICOS BBt ZE
CAR, CD19 ICOS BBt ZE (SEQ I NO: 105}
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGCTCTGCTTCTGCATGCC
GCCAGACCTGACATCCAGATGACCCAGACAACCAGCAGCCTIGTCTGCCAGCCT
GGGCGATAGAGTGACCATCAGCTGTAGAGCCAGCCAGGACATCAGCAAGTAL
CTGAACTGGTATCAGCAGAAACCCGACGGCACCGTGAAGCTGCTGATCTACCA
CACCAGCAGACTGCACAGCGGCGTGCCAAGCAGATTTTICTGGCAGCGGCTCTG
GCACCGACTACAGCCTGACCATCTCCAACCTGOAACAAGAGOATATCGUTACC
TACTTCTGCCAGCAAGGCAACACCCTGCCTTACACCTTTGGCGGAGGCACCAA
GUTGGAAATCACAGGCGGCGGAGGAAGUGGAGGCGGAGGATCTGGETGGTGGT
GGATCTGAAGTGAAACTGCAAGAGTCTGGCCCTGGCCTGGTGGCCCCATCTCA
ATCTCTGAGCGTGACCTGTACCGTCAGCGGAGTGTCCCTGCCTGATTATGGCGT
GTCCTGGATCCGGCAGCCTCCTAGAAAAGGCCTGGAATGGCTGGGCGTGATCT
GGGGCAGCGAGACAACCTACTACAACAGCGCCCTGAAGTCCCGGUTGACCATC
ATCAAGGACAACTCCAAGAGCCAGGTGTTCCTGAAGATGAACAGCCTICCAGAC
COACGACACCGUCATCTACTATTGCGCCAAGCACTACTACTACGGCGGCAGCT
ACGCCATGGATTATTGGGGCCAGGGCACCAGCGTGACCGTGTCTAGTACAACA
ACCCCTGCTCCTCGGUCTCCTACACCAGCTCCTACAATTGCCAGCCAGCCACTG
TCTCTGAGGCCCGAAGCTTIGTAGACCTGCTGCTGGCGGAGCCGTGCATACAAG
AGGACTGGATTTCGCCTGCAGCCAGCTGTGCTGTCAGCTGAAGTTCTGGCTGCC
TATCGGCTGCGCCGCCTTTGTGETTGTGTGTATCCTGGGUTGCATCCTGATCTG
CTGGCTGACCAAGAAAAAGTACAGCAGCAGCGTGCACGACCCCAACGGCGAG
TACATGTTCATGAGAGCCGTGAACACCGCCAAGAAGTCCAGACTGACCGACGT
GACCCTCCAGCCTTTCATGAGGCCTGTGCAGACCACACAAGAAGAGGACGGCT
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GCTCCTGTCGOTTCCCCGAGGAAGAGGAAGGUGGTTGCGAGUTGAGAGTGAAG
TTCAGCAGATCCGCCGACGCTCCTGCCTATCAGCAGGGCCAAAACCAGCTGTA
CAACGAGCTGAACCTGGGGAGAAGAGAAGAGTACGACGTGUCTGGACAAGCGE
AGAGGCAGAGATCCTCGAAATGGLGUGGCAAGCCTGTOACTAGAGGTGCTOGOTG
CTGGCGOCAGACAGAGAGGCCAGAACAAAGAAAGACCTCCTCCTGTGCCTAAT
CCTGACTACGAGCCCATCCGGAAGGGCCAGAGAGATCTGTACAGCGGCCTGAA
CCAGCGGAGAATCTGA

CD19 ICOSBBLCD2t 2 CAR(CD19 binding extraceltular domain- JCOS DS ~truncated
CD137 intracellular domain- CD2 truncated Signaling Domain -CD3 domain) {(Other
names: FMCo3scFV _ICOS BBt CD2tZ CAR, CI19 1ICOS BBt CD2Z (SEQ ID NO:
106)
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGCTCTGCTTCTGCATGCC
GCCAGACCTGACATCCAGATGACCCAGACAACCAGCAGCCTIGTCTGCCAGCCT
GGGCGATAGAGTGACCATCAGCTGTAGAGCCAGCCAGGACATCAGCAAGTAL
CTGAACTGGTATCAGCAGAAACCCGACGGCACCGTGAAGCTGCTGATCTACCA
CACCAGCAGACTGCACAGCGGCGTGCCAAGCAGATTTTICTGGCAGCGGCTCTG
GCACCGACTACAGCCTGACCATCTCCAACCTGOAACAAGAGOATATCGUTACC
TACTTCTGCCAGCAAGGCAACACCCTGCCTTACACCTTTGGCGGAGGCACCAA
GUTGGAAATCACAGGCGGCGGAGGAAGUGGAGGCGGAGGATCTGGETGGTGGT
GGATCTGAAGTGAAACTGCAAGAGTCTGGCCCTGGCCTGGTGGCCCCATCTCA
ATCTCTGAGCGTGACCTGTACCGTCAGCGGAGTGTCCCTGCCTGATTATGGCGT
GTCCTGGATCCGGCAGCCTCCTAGAAAAGGCCTGGAATGGCTGGGCGTGATCT
GGGGCAGCGAGACAACCTACTACAACAGCGCCCTGAAGTCCCGGUTGACCATC
ATCAAGGACAACTCCAAGAGCCAGGTGTTCCTGAAGATGAACAGCCTICCAGAC
COACGACACCGCCATCTACTATTGCGUCAAGCACTACTACTACGGLGGCAGCT
ACGCCATGGATTATTGGGGCCAGGGCACCAGCGTGACCGTGTCTAGTACAACA
ACCCCTGCTCCTCGGCCTCCTACACCAGETCCTACAATTGCCAGCCAGCCACTG
TCTCTGAGGCCCGAAGCTTIGTAGACCTGCTGCTGGCGGAGCCGTGCATACAAG
AGGACTGGATTTCGCCTGCAGCCAGCTGTGCTGTCAGCTGAAGTTCTGGCTGEC
TATCGGCTGCGCCGCCTTTGTGETTGTGTGTATCCTGGGUTGCATCCTGATCTG
CTGGCTGACCAAGAAAAAGTACAGCAGCAGCGTGCACGACCCCAACGGCGAG
TACATGTTCATGAGAGCCGTGAACACCGCCAAGAAGTCCAGACTGACCGACGT
GACCCTCCAGCCTTTCATGAGGCCTGTGCAGACCACACAAGAAGAGGACGGCT
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GCTCCTGTCGOTTCCCCGAGGAAGAGGAAGGCGGTTGCGAACTCCAGAATCCT
GCCACCTCTCAGCACCCTCCACCTCCACCTGOACACAGATCTCAGGCTCCTAGE
CACAGACCTCCACCACCTGGTCATAGAGTGCAGCACCAGCCTCAGAAGAGGCC
TCCTGCTCCTICTGGAACACAGGTGLCACCAGCAAAAGGGUCCCTCCACTGCCTA
GACCTAGGGTGCAGCCTAAACCTCCTCATGGCGCCGUTGAGAACTCTCTIGAGE
CCCAGCAGCAACAGAGTGAAGTTCAGCAGATCCGCCGACGCTCCTGCCTATCA
GCAGGGCCAAAACCAGCTGTACAACGAGUTGAACCTGGGGAGAAGAGAAGAG
TACGACGTGCTGGACAAGCGGAGAGGCAGAGATCCTCGAAATGGGCGGCAAGC
CCCAGCGGAGAAAGAATCCTCAAGAGGGCCTOTATAATGAGCTGCAAAAGGA
CAAGATGGUCGAGGCCTACAGCGAGATCGGAATGAAGGGCGAGCGCAGAAGA
GGAAAGGGACACGACGGACTGTACCAGGGUCTGAGCACCGCCACAAAGGATA
CCTATGACGCCCTGCACATGCAGGCCCTGCCTCCAAGATGA

CDI9 ICOSBBuCD2t ZE CAR (CD19 binding extraceliular domain- ICOS DS -
truncated C3137 intracellular domain- CD2 truncated Signaling Domain -CD3ZE domain)
{Other names: FMC63scFV_ICOS BBt CD2t7E CAR, CD19_ICOS BBt CD2tZE)
(SEQ 1D NO: 107)
ATGGCTCTGCCTGTGACAGCTCTGOTGCTGCCTCTGGCTCTGCTTCTGCATGCC
GCCAGACCTGACATCCAGATGACCCAGACAACCAGCAGCCTGTCTGCCAGCCT
GGGCGATAGAGTGACCATCAGCTGTAGAGCCAGCCAGGACATCAGCAAGTAC
CTGAACTGGTATCAGCAGAAACCCGACGGCACCGTGAAGCTGCTGATCTACCA
CACCAGCAGACTGCACAGCGGCGTGCCAAGCAGATTTTCTGGCAGCGGCTCTG
GCACCGACTACAGCCTGACCATCTCCAACCTGGAACAAGAGGATATCGCTACC
TACTTCTGCCAGCAAGGCAACACCCTGCCTTACACCTTTGGUCGGAGGCACCAA
GCTGGAAATCACAGGCGGCGGAGGAAGCGGAGGCGGAGGATCTGGTGGTGGT
GGATCTGAAGTGAAACTGCAAGAGTCTOGGCCCTGGCCTGOTGOGCCCCATCTCA
ATCTCTGAGCGTGACCTGTACCGTCAGCGGAGTGTCCCTGCCTGATTATGGCGT
GTCCTGOATCCGGCAGCCTCCTAGAAAAGGCCTGGAATGGCTGGGCEGTGATCT
GGGGCAGCGAGACAACCTACTACAACAGCGCCCTGAAGTCCCGGCTGACCATC
ATCAAGGACAACTCCAAGAGCCAGGTGTTCCTGAAGATGAACAGCCTCCAGAL
COACGACACCGUCATCTACTATTGCGUCAAGCACTACTACTACGGCGGCAGCT
ACGCCATGGATTATTGGGGCCAGGGCACCAGCGTGACCGTGTCTAGTACAACA
ACCCCTGCTCCTCGGUCTCCTACACCAGCTCCTACAATTGCCAGCCAGCCACTG
TCTCTGAGGCCCGAAGCTTGTAGACCTGCTGCTGGCGGAGCCGTGCATACAAG
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AGGACTGGATTTCGUCTGCAGCCAGCTGTGCTGTCAGCTGAAGTTCTGGOTGCC
TATCGOCTGCGCCGCCTTTOTGGTTGTOTGTATCCTGGGCTGCATCCTGATETG
CTOGGCTGACCAAGAAAAAGTACAGCAGCAGCGTGCACGACCCCAACGGCGAG
TACATOTTCATGAGAGUCGTGAACACCGCCAAGAAGTCCAGACTGACCGACGT
GACCCTCCAGCCTTTCATGAGGCCTGTGCAGACCACACAAGAAGAGGACGGCT
GCTCCTOTCGOTTCCCCGAGGAAGAGGAAGGCGOTTGCGAACTCCAGAATCCTY
GCCACCTCTCAGCACCCTCCACCTCCACCTGUGACACAGATCTCAGGCTCCTAGE
CACAGACCTCCACCACCTGGTCATAGAGTGCAGCACCAGCCTCAGAAGAGGCC
TCCTCCTCCTTCTGGAACACAGGTGCACCAGCAAAAGOGCCCTCCACTGCCTA
GACCTAGOGGTGCAGCCTAAACCTCCTCATGGCOUCGCTCGAGAACTCTCTGAGT
CCCAGCAGCAACAGAGTGAAGTTCAGCAGATCCGUCGACGCTCCTGCUTATCA
GCAGGGCCAAAACCAGCTGTACAACGAGCTCGAACCTGGGGAGAAGAGAAGAG
TACGACGTGCTGGACAAGUGGAGAGOGCAGAGATCCTGAAATGGGCOGGCAAGC
CTGTGACTAGAGGTGCTGGCGCTGGTGGAAGGCAGAGAGGCCAGAACAAAGA
ACGGCCTCCTCCTGTGCCTAATCCTGACTACGAGCCCATCCGGAAGGGCCAGA
GAGATCTGTACAGCGGUCTGAACTACAGACACCAGCGGAGAATCTGA

CDI9_ICOSBBoI2RBYLRO) _ZCAR (CDI19 binding extracellular domain- ICOS DS -
truncated CD137 intracellular domain- ILZRB(YLRQ) domain -CD3Z domain) (Other
names: FMCo3scFV _ICOS BBt H.2RB(YLRQ)Z CAR,

CD1% ICOS BBt IL2RB(YLRQ)Z (SEQ ID NG: 108)
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGCTCTGCTTCTGCATGCC
GCCAGACCTGACATCCAGATGACCCAGACAACCAGCAGCCTGTCTGCCAGCCT
GGGCGATAGAGTGACCATCAGCTGTAGAGCCAGCCAGGACATCAGCAAGTAL
CTGAACTGGTATCAGCAGAAACCCGACGGCACCGTGAAGCTGCTGATCTACCA
CACCAGCAGACTGCACAGCGGCGTGCCAAGCAGATTTTCTGGCAGCGGCTCTG
GCACCGACTACAGCCTGACCATCTCCAACCTGGAACAAGAGGATATCGCTACC
TACTTCTGCCAGCAAGGCAACACCCTGCCTTACACCTTTGGCGGAGGCACCAA
GCTGGAAATCACAGGCGGCGGAGGAAGCGGAGGCGGAGGATCTGGTGGTGGT
GGATCTGAAGTGAAACTGCAAGAGTCTGGCCCTGGCCTGGTGGCCCCATCTCA
ATCTCTGAGCGTGACCTGTACCGTCAGCGGAGTGTCCCTGLCTGATTATGGCGT
GTCCTGGATCCGGCAGCCTCCTAGAAAAGGCCTGGAATGGCTGGGCGTGATCT
GGGGCAGCGAGACAACCTACTACAACAGCGUCCTGAAGTCCCGGUTGACCATC
ATCAAGGACAACTCCAAGAGCCAGGTGTTCCTGAAGATGAACAGCCTCCAGAL
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CGACGACACCGCCATCTACTATTGUGCCAAGCACTACTACTACGGCGGCAGCT
ACGCCATGGATTATTGGGGCCAGGGCACCAGCGTGACCGTGTCTAGTACAACA
ACCCCTOCTCCTCGGCCTCCTACACCAGCTCCTACAATTGCCAGCCAGCCACTG
TCTCTGAGGUCCCGAAGUTTCTAGACCTGOTGCTGOGLUGRAGCCGTGCATACAAG
AGGACTGOATTTICGCCTGCAGCCAGCTGTGCTGTCAGCTGAAGTTCTGGLTGCC
TATCGGCTOGCGCCGCCTTITGTGGTITGTGTGTATCCTGGGCTGCATCCTGATCTG
CTGGCTGACCAAGAAAAAGTACAGCAGCAGCGTGCACGACCCCAACGGCGAG
TACATGTTCATGAGAGCCGTGAACACCGCCAAGAAGTCCAGACTGACCGACGT
GACCCTCCAGCCTTTICATCGAGGCCTGTGCAGACCACACAAGAAGAGGACGGCT
GCTCCTOTCOOTTCCCCGAGGAAGAGGAAGGUGOUTGCGAACTGAATTGCAGA
AACACAGGCCCCTGOUTGAAGAAAGTGUTGAAGTGCAACACCCUTCGATCCGAG
CAAGTTTTTCAGCCAGCTGAGCAGCGAGCATGGCGGCGACGTTCAGAAATGGC
TGTCTAGCCCATTICCTAGCTCCAGCTTCAGCCCTGOTGGACTGGCCCCTGAGA
TTAGCCCTCTGGAAGTGCTGGAACGGGACAAAGTGACCCAGCTGCTGCCCCTG
AATACCGACGCCTACCTOAGCCTGCAAGAGCTGCAAGGCCAGGATCCTACACA
CCTCGTGUGCOGTGAAGTTCAGCAGATCCGCTGATGCCCCTGCCTATCAGCAGE
GCCAAAACCAGCTGTACAACGAGCTGAACCTGGGGAGAAGAGAAGAGTACGA
CGTGCTGGACAAGCGUAGAGGCAGAGATCCTGAAATGGGCGGCAAGUCCCAG
CGGAGAAAGAATCCTCAAGAGGGCCTGTATAATGAGCTGCAAAAGGACAAGA
TGGCCGAGGCCTACAGCGAGATCGGAATCGAAGGGCGAGCGCAGAAGAGGCAA
GGGACACGATGGACTGTACCAGGGCCTGAGCACCGCCACCAAGGATACCTACG
ATGCCTACAGACACCAGGUTCTGCCACCTAGATGA

CDI19 ICOSBBUILZRB(YLRGQ) ZE CAR(CD19 binding extraceliular domain- ICOS DS
-truncated CD137 intracellular domain- IL2ZRB{YLRQ) domain -CD3ZE domain (Cther
names FMC63seFV ICOS BBt HL2RB(YLRQ) ZE CARY(SEQID NG: 110}
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGCTCTGCTTCTGCATGCC
GCCAGACCTGACATCCAGATGACCCAGACAACCAGCAGCCTGTCTGCCAGCCT
GGGUGATAGAGTGACCATCAGCTGTAGAGCCAGCCAGGACATCAGCAAGTAC
CTGAACTGGTATCAGCAGAAACCCGACGGCACCGTGAAGCTGCTGATCTACCA
CACCAGCAGACTGCACAGUGGUGTGCCAAGCAGATTTTOCTGGCAGCGGCTCTG
GCACCGACTACAGCCTGACCATCTCCAACCTGGAACAAGAGGATATCGCTACC
TACTTCTGCCAGCAAGGCAACACCCTGCCTTACACCTITGGUGGAGGCACCAA
GCTGGAAATCACAGGCGGCGGAGGAAGCGGAGGCGGAGGATCTGGTGGTGGT
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GGATCTGAAGTGAAACTGCAAGAGTCTGGCCCTGGCCTGGTGGCCCCATCTCA
ATCTCTGAGCGTGACCTGTACCGTCAGCGGAGTGTCCCTGCCTGATTATGGCGT
OGTCCTGGATCCGGCAGCCTCCTAGAAAAGGCCTGGAATGGCTGGGCGTGATCT
GGOGCAGCGAGACAACCTACTACAACAGCGCCCTGAAGTCCCGGUTGACCATC
ATCAAGGACAACTCCAAGAGCCAGGTGTTCCTGAAGATGAACAGCCTCCAGAC
COACGACACCGCCATCTACTATTGCGCCAAGCACTACTACTACGGCGGCAGCT
ACGCCATGGATTATTGGOGCCAGGGCACCAGCGTGACCGTGTCTAGTACAACA
ACCCCTGCTCCTCGGCCTCCTACACCAGCTCCTACAATTGCCAGCCAGCCACTG
TCTCTCAGGCCCGAAGCTTGTAGACCTGOTOCTGGCGGAGCCOTGCATACAAG
AGGACTGOATTTCGCCTGCAGCCAGUTGTGCTGTCAGCTGAAGTTCTGGCTGCC
TATCGOCTGCGCCGCCTTTOTGGTTGTGTGTATCCTGGGUTGCATCCTGATCTG
CTOGGCTGACCAAGAAAAAGTACAGCAGCAGCGTGCACGACCCCAACGGCGAG
TACATGTTCATGAGAGCCGTGAACACCGCCAAGAAGTCCAGATCTGACCGACGT
GACCCTCCAGCCTTTCATGAGGCCTGTGCAGACCACACAAGAAGAGGACGGCT
GCTCCTGTCGGTITCCCCOGAGGAAGAGGAAGGCGOCTGCGAACTCGAATTGCAGA
AACACAGGCCCCTGGUTGAAGAAAGTGUTGAAGTGCAACACCCCTGATCCGAG
CAAGTTITTTCAGCCAGCTGAGCAGCGAGCATGGCGGCGACGTTCAGAAATGGC
TGTCTAGCCCATTTCCTAGUTCCAGCTTCAGCCCTGHTGOACTGGUCCCTGAGA
TTAGCCCTCTGOAAGTGUTGGAACGOGACAAAGTGACCCAGCTGCTGCCCCTG
AATACCGACGCCTACCTGAGCCTGCAAGAGUTGCAAGGCCAGGATCCTACACA
CCTCGTGCGCOTGAAGTTCAGCAGATCCGCTGATGCCCCTGCCTATCAGCAGG
GUCAAAACCAGCTGTACAACGAGCTGAACCTOGGGAGAAGAGAAGAGTACGA
CGTGCTGGACAAGCGGAGAGGCAGAGATCCTGAAATGGGCGGCAAGCCTIGTG
ACTAGAGGTGCTGGTGCTGOCGGCAGACAGAGAGGCCAGAACAAAGAAAGAC
CTCCTCCTGTGCCTAATCOTGACTACGAGCCCATCCGGAAGGGUCAGAGAGAT
CTGTACAGCGGCCTGAACTACAGACACCAGCGGAGAATCTGA

D28 BB signaling domain: CD28 signaling domain_4-1BB Signaling Domain (SEQ NO:
151)
CTGTTCCCCGGACCTAGCAAGCCCTTTITGGOTGCTCGTTGCTTIGTTGGCGGLGTG
CTGGCCTGTITATAGCCTGCTGGTTACCGTGGCCTTCATCATCTTTTGGGTCCGA
AGCAAGCGGAGCCGGCTGCTGCACAGCGACTACATGAACATGACCCCTAGACG
GUCCGOGACCAACCAGAAAGCACTACCAGCCTTACGCTCCTCCTAGAGACTTICG
CCGCCTACAGATCCAAGCGGGOCAGAAAGAAGCTGCTGTACATCTTCAAGCAG
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CCCTTCATGCOGGCCCGTGCAGACCACACAAGAGGAAGATGGCTGCTCCTGTCG
GTTCCCCGAGGAAGAAGAAGGCGOTTGCGAACTG

CD28 Signaling Domain_truncated 4-18B Signaling Domain (Other name: CD28 BBt
{(SEQ ID NO: 152)
CTGTTCCCCGGACCTAGCAAGCCCTTTTGOOTGCTCGTTGTTGTTGGCGGLGTG
CTGGCCTGITATAGCCTGCTGGTTACCGTGOCCTTCATCATCTITTTGGGTCCGA
AGCAAGCGGAGCCGGCTGCTGCACAGCGACTACATGAACATGACCCCTAGACG
GCCCOGACCAACCAGAAAGCACTACCAGCCTTACGCTCCTCCTAGAGACTTCG
CCGCCTACAGATCCCAGCCTTTCATGAGGCCTGTGCAGACCACACAAGAAGAG
GACGOCTGCTCCTOTCGUTTCCCUCGAGGAAGAGGAAGGCGETTGCGAACTT

D28 Signaling Domain_truncated OX-40 Signaling Domain (Other name: CD28 0X401)
(SEQ ID NO: 153)
CTGTTCCCCGGACCTAGCAAGCCCTTTTGGOTGCTCOTTIGCTTGTTGGLGGCGTG
CTGGCCTGTITATAGCCTGCTGGTTACCGTGGCCTTCATCATCTTTTGGGTCCGA
AGCAAGCGGAGCCGGCTGCTGCACAGCGACTACATGAACATGACCCCTAGACG
GUCCGGACCAACCAGAAAGCACTACCAGCCTTACGCTCCTCCTAGAGACTTCG
CCGCCTACAGATCTGGUGGCGGAAGCTTCAGAACCCCTATCCAAGAGGAACAG
GCCGACGCTCACTCTACACTGGCT

ICOS Transmembrane ICOS Signaling Domain (SEQ ID NQ: 154}
AGCCAGCTGTGCTGCCAGCTGAAGTTITGGCTGCCTATCGGCTGTGCCGCCTTC
GTGGTTGTGTGTATCCTGGGCTGCATCCTGATCTGCTGGCTGACCAAGAAAAA
GTACAGCAGCTCCGTGCACGACCCCAACGGCGAGTACATGTTCATGAGAGCCG
TGAACACCGCCAAGAAGTCCAGACTGACCGACGTGACACTT

ICOS Transmembrane ICOS Signaling Domain 4-1BB Signaling Domain (SEQ ID NO:
155)
AGCCAGCTGTGCTGCCAGCTGAAGTTTITGGCTGCCTATCGGCTGTGCCGCCTTC
GTGGTTGTGTGTATCCTGGGCTGCATCCTGATCTGCTGGCTGACCAAGAAAAA
GTACAGCAGCTCCOTGCACGACCCCAACGOCGAGTACATOTTCATGAGAGCCG
TCGAACACCGCCAAGAAGTCCAGACTGACCGACGTGACCCTGAAGCGGOGCAG
AAAGAAACTGCTGTACATCTTCAAGCAGCCCTTICATGCGGCCCOTGCAGACCA
CACAAGAGGAAGATGGUTGCTCOTGCAGATICCCCGAGGAAGAAGAAGGCGE
CTGCGAACTT
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ICOS Transmembrane ICOS Signaling Domain Truncated 4-1BB Signaling Domain
{SEQ ID NQO: 156)
AGCCAGCTGTGCTGCCAGCTGAAGTTTITGGCTGCCTATCGGCTGTIGCCGCCTTC
GTGGTTGTGTGTATCCTGGGCTGCATCCTGATCTGUTGGCTGACCAAGAAAAA
GTACAGCAGCTCCOTGCACGACCCCAACGGCGAGTACATOTTCATGAGAGCCG
TGAACACCGCCAAGAAGTCCAGACTGACCGACGTGACACTTCAGCCTTTCATG
AGGCCCOTGCAGACCACACAAGAAGAGOACGGCTGUTCCTGCAGATTCCCCGA
GGAAGAGGAAGGCGGTTGCGAACTT

ICOS Transmembrane ICOS Signaling Domain_Truncated 0X-40 Signaling Domain
{(ICOS_OX40t) (SEQ ID NO: 157)
AGCCAGCTGTGCTGCCAGCTGAAGTTTITGGCTGCCTATCGGCTGTGCCGCCTTIC
GTGGTTGTGTGTATCCTGGGCTGCATCCTGATCTGCTGGCTGACCAAGAAAAA
GTACAGCAGCTCCGTGCACGACCCCAACGGCGAGTACATGTTICATGAGAGCCG
TGAACACCGCCAAGAAGTCCAGACTGACCGACGTGACACTTGOCGGCGGAAG
CTTTAGAACCCCTATCCAAGAGGAACAGGCCGACGCTCACTCTACACTGGCT

ICOS Transmembrane ICOS Signaling Domain {mini-CD28) Truncated 4-1BB Signaling
Domain (ICOS(28) BB1) (SEQ ID NO: 158)
AGCCAGCTGTGCTGCCAGUTGAAGTTTTGGCTGCCTATCGGCTGTIGCCGUCTTC
GTGGTTGTGTGTATCCTGGGCTGCATCCTCGATCTGCTGGCTGACCAAGAAAAA
GTACAGCAGCTCCGTGCACGACCCCAACGOCGAGTACATGTTCATGACCCCTA
GAAGGCCTGGACCTACCAGAAAGCACTACCAGCCTTACGCTCCTCCTAGAGCC
GTGAACACCGCCAAGAAGTCCAGACTGACCGACGTGACACTTCAGCCTITCAT
GAGGCCCGTGCAGACCACACAAGAAGAGGACGGCTGCTCCTGCAGATTICCCCG
AGGAAGAGGAAGGCGGTTGCGAACTT

ICOS(28) truncated OX-40 (CD134) intracellular domain (ICOS(28) OX401) (SEQ ID
NG 159)
AGCCAGCTGTGCTGCCAGCTGAAGTTITTGGCTGCCTATCGGCTGTIGCCGCCTTC
GTGGTTGTGTGTATCCTGGGUTGCATCCTCATCTGUTGGCTGACCAAGAAAAA
GTACAGCAGCTCCGTGCACGACCCCAACGGUGAGTACATGTTICATGACCCCTA
GAAGGCCTGGACCTACCAGAAAGCACTACCAGCCTTACGCTCCTCCTAGAGCC
GTGAACACCGCCAAGAAGTCCAGACTGACCGACGTGACACTTGGCGGCGGAA
GCTTTAGAACCCCTATCCAAGAGGAACAGGCCGACGCTCACTCTACACTGGCT
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ICOS Transmembrane ICOS Signaling Domain 4-1BB Signaling Domain with mutated
polybasie region (ICOS_BB(EPB}Y) (SEQ ID NOG: 1603
AGCCAGCTGTGCTGCCAGCTGAAGTTTITGGCTGCCTATCGGCTGTIGCCGCCTTC
GTGGTTGTGTGTATCCTGGGCTGCATCCTGATCTGUTGGCTGACCAAGAAAAA
GTACAGCAGCTCCOTGCACGACCCCAACGGCGAGTACATOTTCATGAGAGCCG
TGAACACCGCCAAGAAGTCCAGACTCGACCGACGTGACCCTGGCTGCCGGCGCT
GCAGCTCTGCTGTACATCTTCAAGCAGCCCTTCATGUGGCCCGTGCAGACCALCA
CAAGAGGAAGATGGCTGCTCCTGCAGATTCCCCGAGGAAGAAGAAGGCGGCT
GUCGAACTT

ICOS Transmembrane 1COS Signaling Domain_4-1BB Signaling Domain with mutated
tysines (ICOS BB(xUb)) (SEQ ID NG: 161)
AGCCAGCTGTGCTGCCAGCTGAAGTTTTGGCTGCCTATCGGCTGTGCCGLCTTC
GTGGTTGTGTGTATCCTGGGUTGCATCCTCATCTGUTGGCTGACCAAGAAAAA
GTACAGCAGCTCCGTGCACGACCCCAACGGCGAGTACATGTTCATGAGAGECG
TGAACACCGCCAAGAAGTCCAGACTGACCGACGTGACCCTGAAGCGGGGCAG
AAAGAAACTGCTGTACATCTTCGCACAGCCCTTCATGCGGCCCGTGCAGACCA
CACAAGAGGAAGATGOCTGCTCCTGCAGATTCCCCGAGGAAGAAGAAGGLGG
CTGCGAACTT

ICOS Transmembrane ICOS Signaling Domain_ 4-1BB Signaling Domain with mutated
{ysines and polybasic regions (ICOS_BB{&xPBxUb}) (SEG 1D NO: 162)
AGCCAGCTGTGCTGCCAGCTGAAGTTTTGGCTGCCTATCGGCTGTGCCGCCTIC
GTGGTTGTGTGTATCCTGGGUTGCATCCTGATCTGCTGGCTGACCAAGAAAAA
OTACAGCAGCTCCGTGCACGACCCCAACGGCGAGTACATGTTCATGAGAGCCG
TGAACACCGCCAAGAAGTCCAGACTGACCGACGTGACCCTGGCTGCCGGCGET
GCAGCTCTGCTGTACATCTTICGCACAGCCCTTCATGCGGCCCGTGCAGACCACA
CAAGAGGAAGATGGCTGCTCCTGCAGATTCCCCGAGGAAGAAGAAGGCGGCT
GCGAACTT

ICOS Transmembrane ICOS Signaling Domain Wild Type 0X-40 Signaling Domain
(ICOS 40) (SEQ ID NO: 163)
AGCCAGCTGTGCTGCCAGCTGAAGTTTTIGGCTGCCTATCGGUTGTGCCGCCTTC
GTGGTTGTGTGTATCCTGGGCTGCATCCTGATCTGCTGGCTGACCAAGAAAAA
GTACAGCAGCTCCGTGLACGACCCCAACGGCGAGTACATGTTCATGAGAGCCG
TGAACACCGCCAAGAAGTCCAGACTGACCGACGTGACACTTAGGAGAGACCA
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GCGTCTGCCACCAGATGCACATAAGCCACCTGGCGGCGGAAGCTTITAGAACCC
CTATCCAAGAGGAACAGGCCGACGCTCACTCTACACTGGUTAAAATC

ICOS Transmembrane ICOS Signaling Domain_ 0X-40 Signaling Domain with mutated
polybasic region (ICOS 40 (xPB) (SEQ D NO: 164)
AGCCAGCTGTGCTGCCAGCTGAAGTTTTGGCTGCCTATCGGCTGTGCCOCCTTC
GTGGTTGYGTGTATCCTGGGCTGCATCCTGATCTGCTGGCTGACCAAGAAAAA
GTACAGCAGCTCCGTGCACGACCCCAACGGCGAGTACATGTTCATGAGAGCCG
TCGAACACCGCCAAGAAGTCCAGACTGACCOACGTGACACTTGCCGCGBACCAG
GCCCTGCCACCAGATGCACATAAGCCACCTGGCGGCGGAAGCTTTAGAACCCC
TATCCAAGAGGAACAGGCCGACGCTCACTCTACACTGGCTAAAATC

ICOS Transmembrane ICOS Signaling Domain. OX-40 Signaling Domain with mutated
lysine residues (ICOS 40 (xUb)): (SEQ ID NG: 165)
AGCCAGCTGTGCTGCCAGCTGAAGTTTTGGCTGCCTATCGGCTGTGLCGLCTTC
GTGGTTGTGTGTATCCTGGGUTGCATCCTGATCTGCTGGETGACCAAGAAAAA
GTACAGCAGCTCCGTGCACGACCCCAACGGUCGAGTACATGTTCATGAGAGCCG
TGAACACCGCCAAGAAGTCCAGACTCGACCGACGTGACACTTAGGAGAGACCA
GCGTCTGCCACCAGATGCACATGCACCACCTGGCGGCGGAAGCTTTAGAACCC
CTATCCAAGAGGAACAGGCCGACGCTCACTCTACACTGGCTGCAATC

ICOS Transmembrane ICOS Signaling Domain_(X-40 Signaling Domain with mutated
tysine residues and polybasic regions (ICOS_40 (xPBxUb)): (SEQ ID NO: 166)
AGCCAGCTGTGCTGCCAGCTGAAGTTTTGGCTGCCTATCGGCTGTGCCGCCTTC
GTGGTTGTGTGTATCCTGGGCTGCATCCTGATCTGCTGGCTGACCAAGAAAAA
GTACAGCAGCTCCGTGCACGACCCCAACGGCGAGTACATGTTCATGAGAGCCG
TGAACACCGCCAAGAAGTCCAGACTGACCGACGTGACACTTGCCGCGGACCAG
GCCCTGCCACCAGATGCACATGCACCACCTGGCGGCGGAAGCTTTAGAACCCC
TATCCAAGAGGAACAGGCCGACGCTCACTCTACACTGGCTGCAATC

PD1 Extracellular (SEQ ID NG 167)
TTCCTGGACTCTCCTGACAGACCCTGGAATCCTCCAACATTCAGCCCCGUTCTO
CTGGTGGTTACCGAGGGCGATAATGUCACCTTCACCTGTAGUTTCAGUAACAC
CAGCGAGAGCTTCGTGCTGAACTGGTACAGAATGAGCCCCAGCAACCAGACCG
ACAAGCTGGCCGCCTTTCCTGAGGATAGATCTCAGUCCGGUCAGGACTHCCGG
TTCAGAGTTACACAGCTGCCCAACGGCCGGGACTICCACATGTCTGTICGTCCGEG
GCCAGAAGAAACGACAGCGGCACATATCTGTGCGGCGCCATTTICTICTGGCCCC
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TAAGGCTCAGATCAAAGAGAGCCTGAGAGCCGAGCTGAGAGTGACAGAAAGA
COGGCCCAAGTGCCCACAGCTCACCCTTCACCTTCTCCAAGACCTGLC

HIL A-A2 Sigoal Peptide PD1 Extracellular PD1 Transmembrane (PD1 (HLASP-
Truncated; PFD1 TLs) (SEQ 1D NO: 168)
ATGGCTGTCGATGGCTCCTAGAACACTGGTGCTGCTGCTOTCTGGTGCCCTOGET
CTGACTCAGACATGGGCCTTTCTGGACAGCCCCGACAGACCCTGGAATCCTCCT
ACATTCAGCCCCGCTICTGCTGGTGGTTACCGAGGGCGATAATGCCACCTTCACC
TGTAGCTTCAGCAACACCAGCGAGAGCTTCOTGCTGAACTGGTACAGAATGAG
CCCCAGCAACCAGACCGACAAGCTGGCCGCCTTTCCTGAGGATAGATCTCAGC
CCGOCCAGGACTGCCGGTTCAGAGTTACACAGCTGCCCAACGGUCGGGACTTC
CACATGTCTGTCGTTCGGGCCAGAAGAAACGACAGCGGCACATATCTGTGCGG
COCCATTTICTCTGGCCCCTAAGGCTCAGATCAAAGAGAGCCTGAGAGCCGAGC
TGAGAGTGACAGAAAGACGGGCCGAAGTGCCCACAGCTCACCCTITCACCTTCT
CCAAGACCTGCCOGGCCAGTTCCAGACACTGOTCOTGOGAGTTGTTGGCGGELCT
GCTGGGATCTCTGGTTCTGCTTGTTTGGGTGCTCGCCGTGATCTGCTCTAGA

HIL.A-A2 Signal Peptide PD1 Extracellular C1D28 Transmembrane CD28 Signaling
Domain (HLASP CD28 DS or PD1_CD28 or PD1 28) (SEQ ID NG: 169)
ATGGCTGTCGATGOCTCCTAGAACACTGOTGCTGCTGCTGTCTGGTGCCCTGOCT
CTGACTCAGACATGGGCCTTITCTGGACAGCCCCGACAGACCCTGGAATCCTCCT
ACATTCAGCCCCGCTICTGUTGOTGGTTACCGAGGGCGATAATGUCACCTTCACC
TGTAGCTTCAGCAACACCAGCGAGAGCTTCGTGCTGAACTGGTACAGAATGAG
CCCCAGCAACCAGACCGACAAGCTGGCCGCCTTTCCTGAGGATAGATCTCAGC
CCOGCCAGGACTGCCGOTTCAGAGTTACACAGCTGCCCAACGGCCGGGACTIC
CACATGTCTGTCGTTCGOGGCCAGAAGAAACGACAGCOGCACATATCTGTGCGG
CGCCATTICTICTGGCCCCTAAGGCTCAGATCAAAGAGAGCCTGAGAGCCGAGT
TGAGAGTGACAGAAAGACGGGCCCGAAGTGCCCACAGCTCACCCTTCACCTICT
CCAAGACCTGCTCTGTTCCCCGCGACCTAGCAAGCCCTTTTGGGTGCTCGTTGTT
GTTGGCGOCGTGCTGGCCTGTTATAGCCTGCTGGTITACCGTGGCCTTICATCATC
TITTIGOGTCCGAAGCAAGCGGAGUCGOCTGUTGCACAGCGACTACATGAACAT
GACCCCTAGACGGCCCGGACCAACCAGAAAGCACTACCAGCCTTACGCTCCTIC
CTAGAGACTTCGCCGCCTACAGATCT
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HELA-A2 Signal Peptide PD1 Extracellular CD28 Transmembrane CD28 Signaling
Domain_4-1BB Sigonaling Domain (PD1 28 BBwt) (SEQ ID NG: 170)
ATGGCTGTGATGGCCCCTAGAACACTGGTGCTGCTGCTGTCTGGTGCCCTGGCT
CTGACTCAGACATGGGCCTTTCTGGACAGCCCCGACAGACCOCTGGAATCCTCCT
ACATTCAGCCCCGCTCTGCTGGTGGTTACCGAGGGLGATAATGCCACCTTCACC
TGTAGCTTCAGCAACACCAGCGAGAGCTTCGTGCTGAACTGGTACAGAATGAG
CCCCAGCAACCAGACCGACAAGCTGGCCGCCTTTCCTGAGGATAGATUTCAGC
CCGGCCAGGACTGCCGOTTCAGAGTTACACAGCTGCCCAACGGCCGGGACTIC
CACATGTCTGTCGTTCGOGCCAGAAGAAACGACAGCGGUCACATATCTGTGCGG
CGCCATTTICTCTGGCCCCTAAGGCTCAGATCAAAGAGAGCCTGAGAGCCGAGC
TGAGAGTGACAGAAAGACGGGCCGAAGTGUCCACAGCTCACCCTTCACCTTCT
CCAAGACCTGCTCTGTTCCCCGGACCTAGCAAGCCCTTTTIGGGTGCTCGTTGTT
GTTGGCGGCGTGCTGGCCTGTTATAGCCTGCTGGTTACCGTGGCCTICATCATC
TTTTGGGTCCGAAGCAAGCGGAGCCGGCTGCTGCACAGCGACTACATGAACAT
GACCCCTAGACGGCCCGUACCAACCAGAAAGCACTACCAGCCTTACGCTCCTIC
CTAGAGACTTCGCCGCCTACAGATCCAAGCGGGGCAGAAAGAAGCTGCTGTAC
ATCTTCAAGCAGCCCTTCATGCGGCCCGTGCAGACCACACAAGAGGAAGATGG
CTGCTCCTOTCGGTTCCCCGAGGAAGAAGAAGGUGGTTGLGAACTG

HL.A-A2 Signal Peptide PD1 Extracelfular CD28 Transmembrane CD28 Signaling
Domain Truncated 4-1BB Signaling Domain (PD1 28 BBt) (SEQ ID NO: 171)
ATGGCTCTGATGOCCCCTAGAACACTGGTGUCTGCTGCTOTCTGGTOCCCTCGEOT
CTGACTCAGACATGGGCCTTTCTGGACAGCCCCGACAGACCCTGGAATCCTCCT
ACATTCAGCCCCGCTCTGOTGGTGGTTACCGAGGGCGATAATGCCACCTTCACC
TGTAGCTTCAGCAACACCAGCGAGAGCTTCGTGCTGAACTGGTACAGAATGAG
CCCCAGCAACCAGACCGACAAGCTCGOCCGCCTTTCCTGAGGATAGATCTCAGC
CCGGCCAGGACTGCCGGTITCAGAGTTACACAGCTGCCCAACGGCCGGGACTIC
CACATGTCTGTCGTTCGGGCCAGAAGAAACGACAGCGGCACATATCTGTGLCGE
CGCCATTTCTCTGGCCCCTAAGGUTCAGATCAAAGAGAGCCTGAGAGCCGAGC
TGAGAGTGACAGAAAGACGGGCCGAAGTGCCCACAGCTCACCCTTCACCTICT
CCAAGACCTGCTCTGTTCCCCGGACCTAGCAAGCCCTTTTGGGTGCTCGTTOTT
GTTGGCGOCGTGCTGGCCTGTTATAGCCTGUTGGTITACCGTGGUCTTICATCATC
TITTIGOGGTCCGAAGCAAGCGGAGUCGHCTGCTGCACAGCGACTACATGAACAT
GACCCCTAGACGGCCCGGACCAACCAGAAAGCACTACCAGCCTTACGCTCCTC




WO 2022/147525 PCT/US2022/011103
114

CTAGAGACTTCGCCGCCTACAGATCCCAGCCTTTCATGAGGCCTGTGCAGACC
ACACAAGAAGAGGACGOCTGCTCCTOTCOGGTTCCCCGAGGAAGAGGAAGGCG
OGTTGCGAACTT

HELA-AZ Signal Peptide PP Exiracellular CD28 Transmembrane CD28 Signaling
Domain Truncated OX-40 Signaling Domain (PD1 28 OX40t) (SEQ ID NO: 172)
ATGOCTGTCATOCGCCCCTAGAACACTOGGTOCTGCTGCTGTICTGGTGUCCTGOCT
CTGACTCAGACATGGGCCTTTCTGCGACAGCCCCGACAGACCCTGGAATCCTCCT
ACATTCAGCCCCGUTCTCCTGOTGOTTACCGAGGGUCGATAATGCCACCTICALCC
TGTAGCTTCAGCAACACCAGCGAGAGCTTCGTGCTGAACTGGTACAGAATGAG
CCCCAGCAACCAGACCGACAAGCTGOUCGCUTTTCCTGAGGATAGATCTCAGC
CCOGCCAGGACTGCCGGTITCAGAGTTACACAGCTGCCCAACGGCCGGGACTTC
CACATGTCTGTCGTTCGGGCCAGAAGAAACGACAGCGGCACATATCTGTGCGG
COCCATTTICTCTGGCCCCTAAGGCTCAGATCAAAGAGAGCCTGAGAGCCGAGC
TGAGAGTGACAGAAAGACGGGCCCGAAGTGCCCACAGUTCACCCTITCACCTTICT
CCAAGACCTGCTCTGTTCCCCGGACCTAGCAAGCCCTTTTGGGTGCTCGTTGTT
GTTGGCGGCGTGCTGGCCTGTTATAGCCTGCTGGITACCGTGGCCTTCATCATC
TITTGGOGTCCOAAGCAAGCGGAGCCGGUTGCTGCACAGCGACTACATGAACAT
GACCCCTAGACGGCCCGGACCAACCAGAAAGCACTACCAGCCTTACGCTICCTIC
CTAGAGACTTCGCCOGCCTACAGATCTGHCOGGCOOAAGCTTCAGAACCCCTATC
CAAGAGGAACAGGCCGACGCTCACTCTACACTGGCT

HE A-A? Signal Peptide PD1 Extracellular ICOS intracellular domain (PD1 ICQOS) (SEQ
I NO: 173
ATGGCTGTGATGGCTCCTAGAACACTGGTGCTGCTGCTGTCTGGTGCCCTGGCT
CTGACTCAGACATGGGCCTTTCTGGACAGCCCCGACAGACCCTGGAATCCTCCT
ACATTCAGCCCCGCTCTGUTGGTGGTITACCGAGGGCGATAATGCCACCTTCACC
TGTAGCTTCAGCAACACCAGCGAGAGCTITCGTGCTGAACTGGTACAGAATGAG
CCCCAGCAACCAGACCGACAAGCTGGCCGCCTTICCTGAGGATAGATCTCAGC
CCGGCCAGGACTGCCGGTTCAGAGTTACACAGCTGCCCAACGGCCGGGACTIC
CACATGTCTOTCGTTCGGGUCAGAAGAAACGACAGCGGCACATATCTGTGCGG
CGCCATTTCTCTGGCCCCTAAGGCTCAGATCAAAGAGAGCCTGAGAGCCGAGC
TGAGAGTGACAGAAAGACGGGCCGAAGTGCCCACAGCTCACCCTTICACCTTCTY
CCAAGACCTGCCAGCCAGCTGTGCTGLCAGCTGAAGTTTTGGCTGCCTATCGGC
TGTGCCGCCTTICGTGGTTGTGTGTATCCTGGGCTGCATCCTGATCTGCTGGCTG




WO 2022/147525 PCT/US2022/011103
115

ACCAAGAAAAAGTACAGCAGCTCCGTGCACGACCCCAACGGCGAGTACATGTT
CATGAGAGCCGTGAACACCGCCAAGAAGTCCAGACTGACCGACGTGACACTT

HIL A-A2 Signal Peptide PD1 Extracellular ICOS DS CDI37 (D1 _ICOS _BBwt) (SEQ
IDNO: 174)
ATGGCTGTCGATGGCTCCTAGAACACTGGTGCTGCTGCTOTCTGGTGCCCTOGET
CTGACTCAGACATGGGCCTTTCTGGACAGCCCCGACAGACCCTGGAATCCTCCT
ACATTCAGCCCCGCTICTGCTGGTGGTTACCGAGGGCGATAATGCCACCTTCACC
TGTAGCTTCAGCAACACCAGCGAGAGCTTCOTGCTGAACTGGTACAGAATGAG
CCCCAGCAACCAGACCGACAAGCTGGCCGCCTTTCCTGAGGATAGATCTCAGC
CCGOCCAGGACTGCCGGTTCAGAGTTACACAGCTGCCCAACGGUCGGGACTTC
CACATGTCTGTCGTTCGGGCCAGAAGAAACGACAGCGGCACATATCTGTGCGG
COCCATTTICTCTGGCCCCTAAGGCTCAGATCAAAGAGAGCCTGAGAGCCGAGC
TGAGAGTGACAGAAAGACGGGCCGAAGTGCCCACAGCTCACCCTITCACCTTCT
CCAAGACCTGCCAGCCAGCTOTGCTGCCAGCTGAAGTTTITGGCTGCCTATCGGE
TGTGCCGCCTTCGTGGTTGTGTGTATCCTGGGCTGCATCCTGATCTGCTGGCTG
ACCAAGAAAAAGTACAGCAGCTCCGTGCACGACCCCAACGGCGAGTACATGTT
CATGAGAGUCGTGAACACCGCCAAGAAGTCCAGACTGACCGACGTGACCOTGA
AGCGGGGCAGAAAGAAACTGCTGTACATCTTCAAGCAGCCCTTICATGCGGCCC
GTGCAGACCACACAAGAGGAAGATGGCTGUTCCTGCAGATTCCCCGAGGAAG
AAGAAGGCGGCTGCGAACTT

HE A-A7 Signal Peptide PD1 Extracellular ICOS truncated CD137 (PD1 ICOS BBt}
{(SEQ ID NG 175)
ATGGCTGTGATGGCTCCTAGAACACTGGTGCTGCTGCTGTCTGGTGCCCTGGCT
CTGACTCAGACATGGGCCTTTCTGGACAGCCCCGACAGACCCTGGAATCCTCCT
ACATTCAGCCCCGCTCTGUTGGTGGTITACCGAGGGCGATAATGCCACCTTCACC
TGTAGCTTCAGCAACACCAGCGAGAGCTITCGTGCTGAACTGGTACAGAATGAG
CCCCAGCAACCAGACCGACAAGCTGGCCGCCTTICCTGAGGATAGATCTCAGC
CCGGCCAGGACTGCCGGTTCAGAGTTACACAGCTGCCCAACGGCCGGGACTIC
CACATGTCTOTCGTTCGGGUCAGAAGAAACGACAGCGGCACATATCTGTGCGG
CGCCATTTCTCTGGCCCCTAAGGCTCAGATCAAAGAGAGCCTGAGAGCCGAGC
TGAGAGTGACAGAAAGACGGGCCGAAGTGCCCACAGCTCACCCTTICACCTTCTY
CCAAGACCTGCCAGCCAGCTGTGCTGLCAGCTGAAGTTTTGGCTGCCTATCGGC
TGTGCCGCCTTICGTGGTTGTGTGTATCCTGGGCTGCATCCTGATCTGCTGGCTG
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ACCAAGAAAAAGTACAGCAGCTCCGTGCACGACCCCAACGGCGAGTACATGTT
CATGAGAQGUCGTGAACACCGCCAAGAAGTCCAGACTGACCGACGTGACALCTTC
AGCCTTTCATGAGGCCCGTGCAGACCACACAAGAAGAGGACGGCTGCTCCTGC
AGATTCCCCGAGGAAGAGGAAGGCOGOGTTGCGAACTT

HELA-A2 Signal Peptide PD1 Extracelludar ICOS  truncated CD134 (PD1ICGS 0X401)
(SEQ ID NO: 176)
ATGGCTGTGATGGCTCCTAGAACACTGGTGCTGCTGCTGTCTGGTGCCCTGGCT
CTGACTCAGACATGGGCCTTTCTGGACAGUCCCCGACAGACCUTGGAATCCTCCT
ACATTCAGCCCCGCTCTGCTGGTGGTTACCGAGGGCGATAATGCCACCTTCACC
TGTAGCTTCAGCAACACCAGCGAGAGCTTCGTGUTGAACTGGTACAGAATGAG
CCCCAGCAACCAGACCGACAAGCTGGCCGCCTTTCCTGAGGATAGATCTCAGC
CCGGUCAGGACTGCCGGTTCAGAGTTACACAGCTGCCCAACGGCCGGGACTTC
CACATGICTGTCGTTCGGGCCAGAAGAAACGACAGCGGCACATATCTGTIGCGG
CGCCATTTCTCTGGCCCCTAAGGCTCAGATCAAAGAGAGCCTGAGAGCCGAGT
TGAGAGTGACAGAAAGACGGGCCGAAGTGCCCACAGCTCACCCTTCACCTTICY
CCAAGACCTGCCAGCCAGCTGTGCTGCCAGCTGAAGTTITIGGCTGCCTATCGGC
TGTGCCGCCTTCGTGETTGTGTGTATCCTGGGCTGCATCCTGATCTGCTGGCTG
ACCAAGAAAAAGTACAGCAGCTCCGTGCACGACCCCAACGGCGAGTACATGIT
CATGAGAGCCGTGAACACCGUCAAGAAGTCCAGACTGACCGACGTGACACTTG
GCGGCGGAAGCTTTAGAACCCCTATCCAAGAGGAACAGGCCGACGCTCACTCT
ACACTGGCT

HI A-A2 Sigoal Peptide PD Extracellular ICOS Transmembrane ICOS Signaling
Domain (mini-CD28) Truncated 4-18BB Signaling (PD1_ICOS(28) BRy) (SEQ ID NG:
177)
ATGGCIGTCGATGGCTCCTAGAACACTGGTGUTGCTGUTIGTCTGGIGCCOTGGOT
CTGACTCAGACATGGGCCTTTCTGGACAGCCCCGACAGACCCTGGAATCCTCCT
ACATTCAGCCCCGCTCTGCTGOTGOGTTACCCAGGGCGATAATGCCACCTTCACC
TGTAGCTTCAGCAACACCAGUCGAGAGCTTCGTGCTGAACTGGTACAGAATGAG
CCCCAGUAACCAGACCGACAAGCTGOCCGCCTTTCCTGAGGATAGATCTCAGC
CCGGCCAGGACTGCCOGTTCAGAGTTACACAGCTGCCCAACGGCCGGGACTIC
CACATGTCTGTICGTTCGGOCCAGAAGAAACGACAGCGGCACATATCTGTGCGG
COGCCATTTCTCTGGUCCCTAAGGCTCAGATCAAAGAGAGCCTGAGAGCCGAGC
TGAGAGTGACAGAAAGACGGGCCGAAGTGCCCACAGCTCACCCTTCACCTTICT
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CCAAGACCTGCCAGCCAGUTGTGCTGCCAGCTGAAGTTTTGGCTGCCTATC GG
TGTGCCGCCTTCGTOGTTGTGTGTATCCTGGGCTGCATCCTGATCTGCTGGOTE
ACCAAGAAAAAGTACAGCAGCTCCGTGCACGACCCCAACGGCGAGTACATGTT
CATGACCCCTAGAAGGCCTGGACCTACCAGAAAGCACTACCAGCCTTACGCTC
CTCCTAGAGCCOTGAACACCGCCAAGAAGTCCAGACTGACCGACGTGACACTT
CAGCCTTTCATGAGGCCCOGTGCAGACCACACAAGAAGAGGACGGCTOCTCCTG
CAGATTCCCCGAGGAAGAGGAAGGCGGTTGUGAACTT

HLA-A2 Signal Peptide PD1 Extraceilular ICOS Transmembrane ICOS Signaling
Domain (mini-CD28) Truncated OX-40 Signaling Domain (PD1 (HLASP-ICOS DS~
CD28(PRRP)-mutated CD134) (PD1 ICOS OXA40t, PDLICOS40t) (SEQ ID NO: 178)
ATGGCTGTGATGGCTCCTAGAACACTGGTGCTGCTGCTGTCTGGTGCCCTGGCT
CTGACTCAGACATGGGCCTTTCTGGACAGCCCCGACAGACCCTGGAATCCTCCT
ACATTCAGCCCCOCTCTGCTGGTGOTTACCGAGGGUGATAATGCCACCTTCACC
TGTAGCTTCAGCAACACCAGCGAGAGCTTCGTGCTGAACTGGTACAGAATGAG
CCCCAGCAACCAGACCGACAAGCTGGCCGCCTTTCCTGAGGATAGATCTCAGC
CCOGCCAGGACTGCCGOGTTCAGAGTTACACAGCTGCCCAACGGCCGGGACTTC
CACATGTCTGTCGTTCGGGCCAGAAGAAACGACAGCGGCACATATCTGTGCGG
COGCCATTICTCTGGCCCCTAAGGUTCAGATCAAAGAGAGCUTGAGAGCCGAGT
TGAGAGTGACAGAAAGACGGGCCGAAGTGCCCACAGCTCACCCTTCACCTICT
CCAAGACCTGCCAGCCAGCTGTGCTGCCAGCTGAAGTTTTGGCTGCCTATCGGC
TGTGCCGCCTTCGTGGTITGIGTGTATCCTGGGCTGCATCCTGATCTGLTGGCTG
ACCAAGAAAAAGTACAGCAGCTCCGTGCACGACCCCAACGGCGAGTACATGTT
CATGACCCCTAGAAGGCCTGGACCTACCAGAAAGCACTACCAGCCTTACGCTC
CTCCTAGAGUCGTGAACACCGCCAAGAAGTCCAGACTGACCGACGTGACACTT
GGCGGCGGAAGCTTTAGAACCCCTATCCAAGAGGAACAGGCCGACGCTCACTC
TACACTGGCT

11-D5-3 scFv (CDEa Signal Peptide 11-D5-3 sckv, mouse CD8a Hinge BBZ) (SEQ 1D
NG 179)
ATGGCTCTGCCTIGTGACAGCTCTGCTGCTGCCTCTGGCTCTGCTTCTGCATGCC
GCCAGACCTGACATCGTGUTGACACAGTCTCCACCTAGCCTGGCCATGAGCCT
GGOAAAGAGAGCCACCATCAGCTGTAGAGCCAGUGAGAGCGTGACAATCCTG
GGCTCTCACCTGATCCACTGGTATCAGCAGAAGCCCGGCCAGCCTCCTACALT
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GCTGATTCAGCTGGCCTCCAATGTGCAGACAGGUGTGCCAGCCAGATTTICTG
GCAGCGOCAGCAGAACCGACTTCACCCTGACAATCGACCCCOTGGAAGAGGA
COATGTGGCCGTOTACTACTGCCTCCAGAGCCGGACAATCCCCAGAACATTTG
GCGGAGGCACCAAGCTGGAAATCAAGGGCAGCACAAGCGGUTCTGGCAAGCC
TGOGATCTGGCGAGGGATCTACCAAGGGACAGATCCAGCTGGTGCAGTICTGGCC
CCGAGCTGAAGAAACCTGGCGAGACAGTGAAGATCAGCTGCAAGGCCAGCGG
CTACACCTTCACCGACTACAGCATCAACTGGUGTCAAGAGAGCCCCTGGCAAGG
GCCTGAAATGGATGGGCTGGATCAACACCGAAACCAGAGAGCCCGCCTACGCC
TACGACTTCAGAGGCAGATICGCCTTCAGCCTGOAAACCAGCGCCAGCACAGC
CTACCTCCAGATCAACAACCTGAAGTACGAGGACACCGCCACCTACTTITIOCG
CCCTGOATTACAGCTACGCCATGOACTATTGGOGGCCAGGGUACAAGCGTGACT
OTGTCCTCTACAACAACCCCTOGCTCCTCGGCCTCCAACACCAGCTCCTACAATT
GCCTCTCAGCCCCTOGTCTCTGAGGCCCOGAAGCTTOTAGACCTGCTGCTGGCGGA
GCCGTGCATACAAGAGGACTGGATTITCGCCTGCGACATCTACATCTGGGCCCC
TCTGGCTGOAACATGTCGOCOTGCTGCTGCTGAGCCTOGGTCATCACCCTGTALCTG
CAAGCGGOGGCAGAAAGAAGCTGUTGTACATCTTCAAGCAGCCCTTICATGCGGC
CCOTGCAGACCACACAAGAGGAAGATGGCTGCTCCTGTCGGTTCCCTGAGGAA
GAAGAAGOCGGCTGCGAGCTGAGAGTGAAGTTCAGCAGATCCGCCGACGCTC
CTGCCTATCAGCAGGGACAGAATCAGCTCTACAACGAGCTGAACCTGGGECGC
AGAGAAGAGTACGACGTGCTGGACAAGAGAAGAGGUCAGGGACCCTGAGATGG
GCGGAAAGCCCCAGAGAAGAAAGAACCCTCAAGAGGGCCTGTACAATGAGCT
GUAAAAGGACAAGATGGCCGAGGUCTACAGUGAGATCGGAATGAAGGGUGAA
CGCAGAAGAGGAAAGGGCCACGACGGACTGTATCAGGGCCTGAGCACAGCCA
CCAAGGACACCTATGATGCCCTGCACATGCAGGCCCTGCCTCCAAGA

FHVH33 HVV (CD8a Signal Pepiide FHVH33 HVV _CD3a Hinge BBZ) (SEQ ID NO:
180)
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGOCTCTGGCTCTGCTTCTGCATGCC
GCTAGACCTGAGGTGCAGCTGCTTGAATCTGGCGGAGGACTGGTICAGCCTGG
CGGATCTCTGAGACTGTCTTGTGCCGCCAGCGGCTTCACCTTTAGCAGCTACGC
CATGAGCTGGGTCCGACAGGUTCCTGGCAAAGGCCTTGAATGGGTGTCCAGCA
TCAGCGGCAGCGGUGACTACATCTACTACGCCGATAGCGTGAAGGGCAGATTC
ACCATCAGCCGGGACATCAGCAAGAACACCCTGTACCTCCAGATGAACAGCCT
GAGAGCCGAGGACACCGCCGTGTACTACTGTGCCAAAGAAGGCACCGGCGCC
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AATAGCAGCCTGGCCGATTATAGAGGCCAGGGCACACTGGTCACCGTGICCAG
TTTCGTGCCTGTGTTCCTGCCTGCCAAGCCTACCACAACACCCGCTCCTAGACC
TCCAACACCAGCTCCAACAATCGCCAGCCAGCCTCTGTCTCTGAGGCCAGAAG
CTTGTAGACCTGCTGUTOGUGGAGCCGTGCATACAAGAGOACTGGATTITCGEC
TGCGACATCTACATCTGGGCCCCTCTGOCTGGAACATOTGGCGTGCTGCTGOTG
AGCCTGOTCATCACACTGTACTGCAACCACCGGAACAAGCGGGGLCAGAAAGA
AGCTGCTGTACATCTITTAAGUAGCCCTTCATGCGGCCCGTGCAGACCACACAA
GAGGAAGATGGCTGCTCCTGTCGGTTCCCCGAGGAAGAAGAAGGCGGCTGCG
AGCTCGAGAGTGAAGTTCAGCAGATCCGCAGACGCCCOTGCCTATCAGCAGGGA
CAGAACCAGUTOTACAACGAGCTGAACCTGOGGAGAAGAGAAGAGTACGACG
TGCTGGACAAGCGGAGAGGCAGAGATCUTGAGATGGGUGGAAAGCCCCAGCG
GAGAAAGAATCCTCAAGAGGGCCTGTATAATGAGCTGCAAAAGGACAAGATG
GCCOAGGCCTACAGUGAGATCOGGAATOGAAGGGUGAGUGLCAGAAGAGGCAAGG
GACACGATGGACTGTACCAGGGCCTGAGCACCGCCACCAAGGATACCTATGAT
GCCCTGCACATGCAGGCCCTGCCTCCAAGA

BCARO03 HVV (CD8s Signa! Peptide BCAR003 HVV _CD8a Hinge BBZ) (SEQ ID
NO: 181)
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGCTCTGCTTCTGCATGCC
GCTAGACCCCAAGTGAAGCTGGAAGAGTCTGGCGGAGGACTGGTGCAGGCTG
GCAGATCTCTGAGACTGTCTTGTGCCGCCAGCGAGCACACCTITAGCTCTCACG
TGATGGGOTGGTTCAGACAGGCCCCTGGCAAAGAAAGGGAAAGCGTGGCCGTT
ATCGGCTGGCGGGATATCAGCACAAGCTACGCCGATAGCGTGAAGGGCAGATT
CACCATCAGCCGGGACAACGCCAAGAAAACCCTGTACCTCCAGATGAACAGCC
TGAAGCCTGAGGACACCGCCGTGTACTACTGCGCCGCCAGAAGAATTGACGCC
GCCGACTTTGATTCTTGGGGCCAGGGAACCCAAGTGACCGTTTCTAGCGGAGG
CGGTGGAAGTGGCGGCGGTGGATCAGGTGGTGGTGGATCTGGTGGCGGAGGA
AGCGGCGOAGGCGGATCTGCTOTTCAGCTTGTTGAATCAGGTGGCGGCCTGGT
TCAGGCCGGGGATTCTCTTAGACTGACCTGCACAGCCAGCGGCAGAGCCTTCA
GCACCTACTTCATGGCCTGGTTTCGGCAGGCTCCCGGAAAAGAACGGGAATTT
GTGGCCGGAATCGOTTGGAGCGGAGGCTCTACAGCCTATGCCGATTCCGTGAA
AGGCCGGTITACCATCAGCAGAGATAATGCCAAAAACACGGTGTACCTGCAAA
TGAACTCTCTGAAGTCCGAGGATACGGCCGTCTATTACTGTGCCAGCAGAGGT
ATCGAGGTGGAAGAGTTTGGAGCCTGGGGACAGGGCACACAAGTCACAGTGT




WO 2022/147525 PCT/US2022/011103
120

CTAGCACCAGCACCACCACACCAGCTCCTAGACCTCCAACTCCTGCTCCTACAA
TCGCCAGCCAGCCTCTGTCTCTGAGGCCAGAAGCTTGTAGACCTGCTGCTGGCG
GAGCCGTGCATACAAGAGGACTGGATTICGCCTGCGACATCTACATCTGGGCC
CCTCTGGCTGGAACATGTOGUGTGUTOCTGLCTGAGCCTGOTCATCACCCTGTAC
TGCAAGCGOGGOGCAGAAAGAAGCTGCTGTACATCTTCAAGCAGCCCTTCATGLG
GCCCGTGCAGACCACACAAGAGGAAGATGGCTGCTCCTGTICGGTTCCCCGAGE
AAGAAGAAGGCGGUTGCGAGCTGAGAGTGAAGTTCAGCAGAAGTGCCGACGC
TCCCGCCTATCAGCAGGGACAGAACCAGCTGTACAACGAGCTGAACCTGGGGA
GAAGAGAAGAGTACGACGTOCTGGACAAGCGGAGAGGCAGAGATCCTGAGAT
GOGCGGAAAGUCCCAGCGGAGAAAGAATCCTCAAGAGGGCCTGTATAATGAG
CTGCAAAAGGACAAGATGGUCGAGOGCCTACAGCGAGATCGGAATGAAGGGCG
AGCGCAGAAGAGGCAAGGCACACGATGGACTGTATCAGGGCCTGAGCACCGC
CACCAAGGATACCTATGATCGCCCTGCACATGCAGGCCCTGUCTCCAAGA

GSi5022 HVV (CD8a Signal Peptide GSI5022 HVV _CDBa Hinge BBZ) (SEQ ID NOG:
182)
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGCTCTGCTTCTGCATGCC
GCTAGACCCCAAGTGAAGCTGGAAGAGTCTGGCGGAGGACTGOGTGCAGGCT
GCAGATCTCTGAGACTGTCTTGTGCCGCCAGCGAGCACACCTTITAGCTCTCACG
TGATGGGCTGGTTCAGACAGGCCCUTGGUAAAGAAAGGGAAAGCGTGGCCGTT
ATCGGCTGGCGGGATATCAGCACAAGCTACGCCGATAGCGTGAAGGGCAGATT
CACCATCAGCCGGGACAACGCCAAGAAAACCCTGTACCTCCAGATGAACAGCC
TGAAGCCTGAGGACACCGCCGTGTACTACTGUCGCCGCCAGAAGAATTGACGCC
GCCGACTTTGATTCTTGGGGCCAGGGAACCCAAGTGACCGTTICTAGCGGAGE
CGOGTGGAAGTGGCGGLGGTGGATCAGGTGGTGGTGGATCTGAAGTGCAGCTGG
TGGAATCAGGCGOUGOTCTTGTTCAAGCCGOTGGTTCACTGAGACTGAGCTGT
GCCGCTTCCGGCAGAACCTTTACCATGGGATGOTTTAGGCAGGCTCCAGGGAA
AGAACGCGAGTTCGTGGCCGCCATTTICTCTGTCTCCAACACTGGLCCTACTACGE
CGAGTCCGTGAAAGGCCGGTTICACAATCTCCAGAGATAATGCCAAGAACACCG
TGGTGCTGCAAATGAACTCCCTGAAGCCAGAAGATACAGCCCTGTATTACTGT
GCCGCCGACCGGAAGTCCGTCATGAGUCATCAGACCTGACTACTGGGGACAGGG
CACACAAGTCACAGTGTCCAGCACCAGCACCACAACACCCGCTICCTAGACCTIC
CAACACCAGCTCCAACAATCGCCAGCCAGCCTCTGICTCTGAGGCCAGAAGCT
TGTAGACCTGCTGCTGGCGGAGCCGTGCATACAAGAGGACTGGATTTCGCCTG
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CGACATCTACATCTGGHCCCCTCTGGUTGGAACATGTGGCGTGCTGCTGUTGAG
CCTGGTCATCACCCTGTACTGCAAGCGGGGCAGAAAGAAGCTGUTGTACATCT
TCAAGCAGCCCTTCATGCGGCCCGTGCAGACCACACAAGAGGAAGATGGCTGC
TCCTGTCGOTTCCCCGAGGAAGAAGAAGGUGGLUTGCGAGCTGAGAGTGAAGTT
CAGCAGATCCGCCGACGCTCCTGCCTATCAGCAGGGACAGAACCAGCTGTACA
ACGAGCTGAACCTGGGGAGAAGAGAAGAGTACGACGTGCTGGATAAGCGGAG
AGGCAGAGATCCTGAGATGGGCGGAAAGCCCCAGCGHGAGAAAGAATCCTCAA
GAGGGCCTGTATAATGAGCTGCAAAAGGACAAGATGGCCGAGGCCTACAGCG
AGATCGGAATOGAAGGGCGAGCGCAGAAGAGGCAAGGGACACGATGGACTGTA
TCAGGGCCTGAGCACCGCCACCAAGGATACCTATGATGCCCTGCACATGCAGE
CCCTGCCTCCAAGA

BCMAsdAbY HHV (CD8a Signal Peptide anti-BCMAsdAb] HHY CDS8a Hinge) (SEQ
D NO: 183)
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGLCTCTGGCTCTGCTTICTGCATGEC
GCTAGACCTGAAGTGCAGTTGCAGGCTTCTGGCGGAGGACTTGCTCAACCTGG
CGGAAGCCTGAGACTGTICTTIGTGCCGCCTCTGGCAGAACCTTCAGCACCTACTT
CATGGCCTGOTTCAGACAGCCTCCTGGCAAAGGCCTGGAATACGTTGGCGGAA
TCCGTTGGAGTGATGGCGTGCCACACTACGCCGATAGCGTGAAGGGCAGATIC
ACCATCAGCCGGHGACAACGCCAAGAACACCGTGTACCTCCAGATGAACAGCCT
GAGAGCCGAGGATACCGCCOTGTACTTICTGTGCCAGCAGAGGAATCGCCGACG
GCAGCGATTTTGGCTCTTATGGCCAGGGCACCCAAGTGACCGTGTCCAGCACA
ACAACCCCTGCTCCTAGACCTCCTACACCAGCTCCTACAATCGCCAGCCAGCCT
CTGTCTCTGAGGCCAGAGGCTTGTAGACCTGCTGCTGGLGGAGCCGTGCATAL
AAGAGGACTGGATTTCGCCTGC

BCMAsdAbl HHV CD8a Transmembrane 4-1BB Signaling CD37 (BCMAsdAbl HHY
BB 2)(SEQ IDNO: 184)
ATGGCTCTGCCTGTCACAGCTCTGCTGCTGCCTCTGGCTCTGCTTICTGCATGCC
GCTAGACCTGAAGTGCAGTTGCAGGCTTICTGGCGGAGGACTTGCTCAACCTGG
CGOAAGCCTGAGACTGTICTTGTGCCGUCTCTGGCAGAACCTICAGCACCTACTY
CATGGCCTGGTTCAGACAGCCTCCTGGCAAAGGCCTGGAATACGTTGGCGGAA
TCCGTTGGAGTGATGGCOTGCCACACTACGCCGATAGCGTGAAGGGCAGATIC
ACCATCAGCCGOGACAACGCCAAGAACACCGTGTACCTCCAGATGAACAGCCT
GAGAGCCGAGGATACCGCCOTGTACTTCTOTGCCAGCAGAGGAATCGCCGACG
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GCAGCGATTTTGGCTCTTATGGCCAGGGCACCCAAGTGACCGTIGTCCAGCACA
ACAACCCCTOCTCCTAGACCTCCTACACCAGCTCCTACAATCGCCAGCCAGECT
CTOTCTCTGAGGCCAGAGGUTTOGTAGACCTGCTGUCTGGCGGAGCCGTGCATAC
AAGAGGACTGCGATTTCOGCCTGUGACATCTACATCTGGGCCCCTCTGGUTGGAA
CATOGTGGCGTGCTGCTGCTCAGCCTGGTCATCACCCTGTATTGCAAGCGGOGL
AGAAAGAAACTGCTCTACATCTTCAAGCAGCCCTTCATGCGGCCCOTGCAGALC
CACACAAGAGGAAGATGGCTGCTCCTGTCGOGTTCCCCGAGGAAGAAGAAGGC
GGCTGCGAGCTGAGAGTGAAGTTCAGCAGATCCGCCGACGCTCCTGCCTATCA
GUAGOGCCAAAACCAGCTOTACAACGAGCTGAACCTGGGGAGAAGAGAAGAG
TACGACGTGCTGGACAAGCGGAGAGGCAGAGATCCTGAAATGGGUGGCAAGC
CCCAGCGGAGAAAGAATCCTCAAGAGGGCCTGTATAATGAGCTGUAAAAGGA
CAAGATGGCCGAGGCCTACAGCGAGATCGOAATGAAGGGCGAGCGCAGAAGA
GGCAAGGGACACGATGGACTGTACCAGGGUCTGAGCACCGCCACCAAGGATA
CCTATGATGCCCTGCACATGCAGGCCCTGCCTCCAAGA

BCMAsdAbI HHY CD28 Transmembrane CD28 Signaling CD37 (BCMAsdAbl HHV
28 ZYy{SEQ ID NQO: 185)
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGUTCTGCTICTGCATGCC
GUTAGACCTGAAGTGUAGTTGCAGGCTICTGGUGGAGGACTTGUTCAACCTGE
CGGAAGCCTGAGACTGTCTTGTGCCGCCTCTGGCAGAACCTTCAGCACCTACTT
CATGGCCTGOTTCAGACAGCCTCCTGGCAAAGGCCTGGAATACGTTGGCGGAA
TCCGTTGGAGTGATGGCGTGCCACACTACGCCGATAGCGTGAAGGGUCAGATTC
ACCATCAGCCGGGACAACGCCAAGAACACCGTGTACCTCCAGATGAACAGCCT
GAGAGCCGAGGATACCGCCGTGTACTTCTGTGCCAGCAGAGGAATCGCCGACG
GCAGCGATTTTGGCTCTTATOGUCAGGGCACCCAAGTGACCGTIGTCCAGCACA
ACAACCCCTGCTCCTAGACCTCCTACACCAGCTCCTACAATCGCCAGCCAGCCT
CTGTCTCTGAGGCCAGAGGCTTGTAGACCTGCTGCTGGCGGAGCCGTGCATAC
AAGAGGACTGGATTTCGCCTGCCTGTTTCCCGGACCTAGCAAGCCTTTCTGGGT
GCTCGTTGTTETTIGGCGGCOTGCTGGCCTGTTACAGCCTGCTGGTTACCGTGGC
CTTCATCATCTITTGGOTCCGAAGCAAGCGGAGCCGGUTGCTGCACAGCGALT
ACATGAACATGACCCCTAGACGGUCCGGACCAACCAGAAAGCACTACCAGCCT
TACGCTCCTCCTAGAGACTTCGCCGCCTACAGATCTAGAGTGAAGTTCAGCAG
ATCCGCCGACGCTCCTGCCTATCAGCAGGGCCAAAACCAGCTGTACAACGAGC
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TGAACCTGGGGAGAAGAGAAGAGTACGACGTGCTGGACAAGCGGAGAGGCAG
AGATCCTGAAATGGOCGGCAAGCCCCAGCGGAGAAAGAATCCTCAAGAGGGE
CTOGTATAATGAGCTGCAAAAGGACAAGATGGCCGAGGCCTACAGCGAGATCG
GAATGAAGGGCGAGCGCAGAAGAGGLCAAGGGACACGATGGACTGTACCAGGG
CCTGAGCACCGCCACCAAGGATACCTATGATGCCCTGCACATGCAGGCCCTGC
CTCCAAGA

BCMAsdAbT HHY CD28 Transmembrane CD28 Signaling 4-1BB Signaling CD3Z
(BCMAsdAbl HHY 28 BBwt z) (SEQ ID NO: 186)
ATGGCTCTGCCTGTGACAGUTCTGCTGCTGCCTCTGGCTCTGCTTICTGCATGLC
GCTAGACCTGAAGTGCAGTTGCAGGCTTCTGGCGGAGGACTTGCTCAACCTGG
CGGAAGCCTGAGACTGTCTTIGTGCCGCCTCTGGCAGAACCTTCAGCACCTALCTT
CATGGCCTGGTTCAGACAGCCTCCTGGCAAAGGCCTGGAATACGTTGGCGGAA
TCCGTTGOAGTGATGOCGTGCCACACTACGCCGATAGCGTGAAGOGCAGATTC
ACCATCAGCCGGGACAACGCCAAGAACACCGTGTACCTCCAGATGAACAGCCT
GAGAGCCGAGGATACCGCCGTGTACTTICTGTGCCAGCAGAGGAATCGCCGACG
GCAGCGATTTTOGCTCTTATGGUCAGGOGCACCCAAGTGACCGTGTCCAGCACA
ACAACCCCTGCTCCTAGACCTCCTACACCAGCTCCTACAATCGCCAGCCAGCCT
CTGTCTCTGAGGCUAGAGGCTTGTAGACCTGUTGCTGGCGGAGCCGTGCATAC
AAGAGGACTGGATTTCGCCTGCCTGTTTCCCGGACCTAGCAAGCCTTTCTGGGT
GCTCGTTGTTGTTGGCGGCGTGCTGGUCCTGITACAGCCTGCTGGTTACCGTGGC
CTTCATCATCTTTTGGGTCCGAAGCAAGCGGAGCCGGCTGCTGCACAGCGACT
ACATGAACATGACCCCTAGACGGCCCGGACCAACCAGAAAGCACTACCAGCCT
TACGCTCCTCCTAGAGACTTCGCCGCCTACAGATCCAAGCGGGGCAGAAAGAA
GCTGCTGTACATCTITCAAGCAGUCCTTCATGUGGUCCGTGCAGACCACACAAG
AGGAAGATGGCTGCTCCTGTICGGTTCCCCGAGGAAGAAGAAGGCGGTTGCGAA
CTGAGAGTGAAGTTCAGCAGATCCGCCOACGCTCCTGCCTATCAGCAGGGCCA
AAACCAGCTGTACAACGAGCTGAACCTGGGGAGAAGAGAAGAGTACGACGTG
CTGGACAAGCGGAGAGGCAGAGATCCTGAAATGGGCGGCAAGCCCCAGCGGA
GAAAGAATCCTCAAGAGGGCCTGTATAATGAGCTGCAAAAGGACAAGATGGC
CGAGGCCTACAGCGAGATCGGAATGAAGGGCGAGCGCAGAAGAGGCAAGGGA
CACGATGGACTGTACCAGGGCCTGAGCACCGCCACCAAGGATACCTATGATGC
CCTGCACATGCAGGCCCTGCCTCCAAGA
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BCMAsdAbl HHY _CD28 Transmembrane CI28 Signaling 4-1BB truncated

Sigualing CD37 BCMAsdAbI HHV 28 BBt z (SEQ ID NG: 187)
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGCTCTGCTTCTGCATGCC
GCTAGACCTGAAGTGCAGTTGCAGGCTTCTGGUGGAGGACTTGCTCAACCTGE
CGGAAGCCTGAGACTGTICTTGTIGCCGCCTCTGGCAGAACCTTCAGCACCTACTT
CATGGCCTGGTTCAGACAGCCTCCTGGCAAAGGCCTGGAATACGTTGGCGGAA
TCCGTTGGAGTGATGGUGTGUCACACTACGCCGATAGCGTGAAGGGCAGATIC
ACCATCAGCCGGGACAACGCCAAGAACACCGTGTACCTCCAGATGAACAGCCT
GAGAGCCGAGGATACCGCCGTGTACTTCTGTGUCCAGCAGAGGAATCGCCGACG
GCAGCGATTTTGGCTCTTATGGCCAGGGLCACCCAAGTGACCGTGTCCAGCACA
ACAACCCCTGCTCCTAGACCTCCTACACCAGCTCCTACAATCGCCAGCCAGECT
CTGTCTCTGAGGCCAGAGGUTTGTAGACCTGCTGCTGGCGGAGCCGTGCATAC
AAGAGGACTGGATTTCOCCTGCCTGTTTCCCGGACCTAGCAAGCCTTTICTGGEGT
GCTCOGTTGTTOTTGGCGGCOTGCTGGCCTGTTACAGCCTGUTGGTTACCGTGGC
CTTCATCATCTTTTGGGTCCGAAGCAAGCGGAGCCGGCTGCTGCACAGCGALT
ACATGAACATGACCCCTAGACGGUCCGGACCAACCAGAAAGCACTACCAGCCT
TACGCTCCTCCTAGAGACTTCGCCGUCTACAGATCCCAGCCTTTICATGAGGCCT
GTGCAGACCACACAAGAAGAGGACGGUTGCTCCTGTCGGTTCCCCGAGGAAGA
GGAAGGCGGTTGCGAACTTAGAGTGAAGTTCAGCAGATCCGCCGACGCTCCTG
CCTATCAGCAGGGCUCAAAACCAGCTGTACAACGAGUTGAACCTGGGGAGAAG
AGAAGAGTACGACGTGCTGCGACAAGCGGAGAGGCAGAGATCCTGAAATGGGC
GGCAAGCCCCAGCGGAGAAAGAATCCTCAAGAGGGCCTGTATAATGAGCTGC
AAAAGGACAAGATGGUCGAGGCCTACAGUGAGATCGGAATGAAGGGCGAGCG
CAGAAGAGGCAAGGGACACGATGGACTGTACCAGGOCCTGAGCACCGCCALCC
AAGGATACCTATGATGCCCTGCACATGCAGGCCCTGCCTCCAAGA

BCMAsdAb] HHV CD28 Transmembrane CD28 Signaling 0X-40 Truncated
Signaling CD3% (BCMAsdAbl HHY 28 OX40t z) (SEQ ID NO: 188)
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGCTCTGCTTCTGCATGCC
GCTAGACCTGAAGTGCAGTTGCAGGCTTCTGGUGGAGGACTTGCTCAACCTGG
CGGAAGCCTGAGACTOTCTTIGTGCCGCCTCTGGCAGAACCTTCAGCACCTACTT
CATGGUCTGOTTCAGACAGCCTCOTGGUAAAGGCCTGGAATACGTTGGLGGAA
TCCGTTGGAGTGATGGCGTGCCACACTACGCCGATAGCGTGAAGGGCAGATTC
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ACCATCAGCCGGUACAACGCCAAGAACACCGTGTACCTCCAGATGAACAGCCT
GAGAGCCGAGGATACCGCCOGTGTACTTCTGTGCCAGCAGAGGAATCGCCGALCG
GCAGCGATTTTGGCTCTTATGGCCAGGGCACCCAAGTGACCGTGTCCAGCACA
ACAACCCCTOGCTCCTAGACCTCCTACACCAGUTCCTACAATCGCCAGUCAGCCT
CTGTCICTGAGGCCAGAGOCTTIGTAGACCTGCTGCTGGCGCGAGCCGTGCATAC
AAGAGGACTGGATTTCGCCTGCCTGTTTICCCOGACCTAGCAAGCCTTTCTGGOT
GCTCGTTGTTGCTTGGCGGUGTGUTGGUCTGTTACAGCCTGCTGGTTACCGTGEC
CTITCATCATCTTTTGGGTCCGAAGCAAGCGGAGCCGGCTGCTGCACAGCGACT
ACATCGAACATGACCCCTAGACGGCCCGGACCAACCAGAAAGCACTACCAGCCT
TACGCTCCTCCTAGAGACTTCGCCGCCTACAGATCTGGCOGCGGAAGCTTCAG
AACCCCTATCCAAGAGGAACAGGCCGACGUTCACTCTACACTGGCTAGAGTGA
AGTTCAGCAGATCCGCCGACGCTCCTGCCTATCAGCAGGGCCAAAACCAGCTG
TACAACGAGCTGAACCTGGOGAGAAGAGAAGAGTACGACGTGCTGGACAAGT
GGAGAGGCAGAGATCCTGAAATGGGCGGCAAGCCCCAGCGGAGAAAGAATCC
TCAAGAGGGCCTGTATAATCAGCTGCAAAAGGACAAGATGGCCGAGGCCTAC
AGCGAGATCGGAATCGAAGOGGUCGAGCGCAGAAGAGGCAAGGGACACGATGGA
CTGTACCAGGGCCTGAGCACCGCCACCAAGGATACCTATGATGCCCTGCACAT
GCAGGCCCTGCCTCCAAGA

BCMAsdAbl HHY ICOS Transmembrane ICOS Signaling CD3Z (BCMAsdAbl HHV
ICOS_Z) (SEQ D NO: 189)
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGCTCTGCTTCTGCATGCC
GCTAGACCTGAAGTGCAGTTGCAGGCTTCTGGCGGAGGACTTGCTCAACCTGG
CGGAAGCCTGAGACTGTCTTGTGCCGCCTCTGGCAGAACCTTICAGCACCTACTT
CATGGCCTGOTTCAGACAGCCTCCTGOCAAAGGLCTGGAATACGTTGGUGGAA
TCCGTTGGAGTGATGGCGTGCCACACTACGCCGATAGCGTGAAGGGCAGATTC
ACCATCAGCCGGGACAACGCCAAGAACACCGTGTACCTCCAGATGAACAGCCT
GAGAGCCGAGGATACCGCCGTGTACTTICTGTGCCAGCAGAGGAATCGCCGACG
GCAGCGATTTITGGCTICTTATGGCCAGGGCACCCAAGTGACCGTGTCCAGCACA
ACAACCCCTGCTCCTAGACCTCCTACACCAGUTCCTACAATCGCCAGCCAGCCT
CTGTCTCTGAGGCCAGAGGCTTGTAGACCTGCTGCTGGCGGAGCCGTGCATAC
AAGAGGACTGGATTTCGCCTGCAGCCAGCTGTGCTGCCAGCTGAAGTTCTGGL
TGCCTATTGGCTGCGCCGCCTTCGTGGTTGTGTGTATCCTGGGCTGCATCCTGA
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TCTGCTGGCTGACCAAGAAAAAGTACAGCAGCAGCGTGCACGACCCCAACGGC
GAGTACATGTTCATGAGAGCCGTGAACACCGCCAAGAAGTCCAGACTGACCGA
COGTGACACTGAGAGTGAAGTTCAGCAGATCCGCCGACGCTCCTGCCTATCAGC
AGGGCCAAAACCAGUTOTACAACGAGCTGAACCTGGGGAGAAGAGAAGAGTA
CGACGTOCTGOACAAGCGGAGAGGCAGAGATCCTGAAATGGGCGGCAAGCCO
CAGCGGAGAAAGAATCCTCAAGAGGGCCTGTATAATGAGCTGCAAAAGGACA
AGATGGUCCGAGGCCTACAGCGAGATCGGAATGAAGGGCGAGCGCAGAAGAGG
CAAGGGACACGATGGACTGTACCAGGGCCTGAGCACCGCCACCAAGGATACCT
ATGATGCCCTGCACATGCAGGCCCTGLCTCCAAGA

BCMAsdAbl HHV ICOS Transmembrane 1COS Signaling 4-1BB Signaling CD3Z
{(BCMAsdAbl HHV ICOS BBwt #) (SEGQ ID NO: 190)
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGCTCTGCTTCTGCATGCC
GCTAGACCTGAAGTGCAGTTGCAGGCTTCTGGCGGAGGACTTGCTCAACCTGG
CGGAAGCCTGAGACTGTCTTGTGCCGCCTCTGGCAGAACCTTCAGCACCTACTT
CATGGCCTGGTTCAGACAGCCTCCTGGCAAAGGCCTGGAATACGTTGGCGGAA
TCCGTTGGAGTGATGGCGTGCCACACTACGCCGATAGCGTGAAGGGCAGATTC
ACCATCAGCCGGGACAACGCCAAGAACACCOTUTACCTCCAGATGAACAGCCT
GAGAGCCGAGGATACCGCCGTGTACTTCTGTGCCAGCAGAGGAATCGCCGACG
GCAGCGATTTTGGCTCTTATGGCCAGGGUCACCCAAGTGACCGTGTCCAGCACA
ACAACCCCTGCTCCTAGACCTCCTACACCAGCTCCTACAATCGCCAGCCAGCCT
CTGTCTCTGAGGCCAGAGGCTTGTAGACCTGCTGCTGGCGGAGCCGTGCATAC
AAGAGGACTGGATTTCGCCTGCAGCCAGCTGTGCTGCCAGCTGAAGTTCTGGC
TGCCTATTGGCTGCGCCGCCTTCGTGGTTGTGTGTATCCTGGGCTGCATCCTGA
TCTGCTGGCTGACCAAGAAAAAGTACAGCAGCAGCGTGCACGACCCCAACGGC
GAGTACATGTTCATGAGAGCCGTGAACACCGUCAAGAAGTCCAGACTGACCGA
CGTGACCCTGAAGCGGGGCAGAAAGAAGCTGCTGTATATCTTCAAGCAGCCCT
TCATGCGGCCCGTGCAGACCACACAAGAGGAAGATGGCTGCTCCTGTCGGTTIC
CCCGAGGAAGAAGAAGGUGGTTGCGAACTGAGAGTGAAGTTCAGCAGATCCG
CCGACGCTCCTGCCTATCAGCAGGGCCAAAACCAGCTGTACAACGAGCTGAAC
CTGGGGAGAAGAGAAGAGTACGACGTGCTGGACAAGCGGAGAGGCAGAGATC
CTGAAATGGGCGGCAAGCCCCAGCGGAGAAAGAATCCTCAAGAGGGCCTGTA
TAATGAGCTGCAAAAGGACAAGATGGCCGAGGCCTACAGUGAGATCGGAATG
AAGGGCGAGCGCAGAAGAGGCAAGGGACACGATGGACTGTACCAGGGCCTGA
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GCACCGCCACCAAGGATACCTATGATGUCCTGUACATGCAGGCCCTGCCTCCA
AGA

BCMAsdAbl ICOS Transmembrane ICOS Signaling 4-1BB Truncated Signaling CD3Z
(BCMAsdAbl HHY ICOS BBt ) (SEQID NG: 191)
ATGOCTCTGCCTGTGACAGCTCTGCTGUTGCCTCTGOCTICTGUTICTGCATGCC
GCTAGACCTGAAGTGCAGTTGCAGGCTTICTGGCGCGAGGACTTGCTCAACCTGG
COGAAGCCTGAGACTGTCTTOTGCCGCCTCTGGCAGAACCTTCAGCACCTALCTT
CATGGCCTGGTTCAGACAGCCTCCTGGCAAAGGCCTGGAATACGTTGGCGGAA
TCCGTTGGAGTGATGGCGTGCCACACTACGCCGATAGCGTGAAGGGCAGATTC
ACCATCAGCCGGGACAACGCCAAGAACACCGTGTACCTCCAGATGAACAGCCT
GAGAGCCGAGGATACCGCCOGTGTACTTCTGTGCCAGCAGAGGAATCGCCGACG
GCAGCGATTITTGGCTCTTATGGUCAGGGCACCCAAGTGACCGTIGTCCAGCACA
ACAACCCCTGUCTCCTAGACCTCCTACACCAGCTCCTACAATCGCCAGCCAGCCT
CTGTCTCTGAGGCCAGAGGCTTGTAGACCTGCTGCTGGCGGAGCCGTGCATAC
AAGAGGACTGGATTTCGCCTGCAGCCAGCTGTGCTGCCAGCTGAAGTTICTGGL
TGCCTATTGGCTGCGCCOGCCTICGTOGTTGTOTGTATCCTGGOCTGCATCOTGA
TCTGCTGGCTGACCAAGAAAAAGTACAGCAGCAGCGTGCACGACCCCAACGGC
GAGTACATGTTCATGAGAGUCGTGAACACCGCCAAGAAGTCCAGACTGACCGA
COGTGACCCTCCAGCCTITICATGAGGCCTGTGCAGACCACACAAGAAGAGGACG
GCTGCTCCTGTCGOTTCCCCGAGGAAGAGGAAGGCOGTTGCGAACTTAGAGTG
AAGTTCAGCAGATCCGCCGACGCTCCTGCCTATCAGCAGGGCCAAAACCAGCT
GTACAACGAGCTGAACCTGGGOAGAAGAGAAGAGTACGACGTGCTGGACAAG
CGOAGAGGCAGAGATCCTGAAATGGGCGGCAAGCCCCAGCGGAGAAAGAATC
CTCAAGAGGGCCTGTATAATGAGCTGCAAAAGGACAAGATGGCCGAGGCCTA
CAGCGAGATCGGAATGAAGGGCGAGCGCAGAAGAGGCAAGGGACACGATGG
ACTGTACCAGGGCCTGAGCACCGCCACCAAGGATACCTATGATGCCCTGCACA
TGCAGGCCCTGCCTCCAAGA

BCMAsdAbl ICOS Transmembrane ICOS Signaling OX-40 Truncated Signaling CD37
(BCMAsdAbT HHY _ICOS_0X40t_z) (SEQ ID NO: 192)
ATGGCTCTGCCTOTOACAGCTCTGCTGCTGCCTCTOGCTCTGCTTCTGCATGCC
GUTAGACCTGAAGTGCAGTTGCAGGCTTICTGGCGGAGGACTTGCTCAACCTGG
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CGGAAGCCTGAGACTGTCTTGTIGCCGUCTCTGGCAGAACCTTICAGCACCTACTT
CATGGCCTGOTTCAGACAGCCTCCTGGCAAMAGGCCTGGAATACGTTGGCGGAA
TCCGTTGGAGTCGATGGCGTGCCACACTACGCCGATAGCGTGAAGGGCAGATTC
ACCATCAGCCGGGACAACGCCAAGAACACCOGTOGTACCTCCAGATGAACAGCCT
GAGAGCCGAGGATACCGUCGTGTACTTCTGTGCCAGCAGAGGAATCGCCGACG
GCAGCGATTTTGGCTCTTATGGCCAGGGCACCCAAGTGACCGTGTCCAGCACA
ACAACCCCTGCTCCTAGACCTCCTACACCAGCTCCTACAATCGCCAGCCAGCCT
CTGTCTCTGAGGCCAGAGGCTTGTAGACCTGCTGCTGGCGGAGCCGTGCATAC
AAGAGGACTOOATTTCGCCTGCAGCCAGCTOTOCTGCCAGCTGAAGTTUTGGE
TGCCTATTGGCTGCGCCOCCTTCGTGOGTTGTGTGTATCCTOGGGCTGCATCCTGA
TCTGCTGGUTGACCAAGAAAAAGTACAGCAGCAGUGTGCACGACCCCAACGGC
GAGTACATGTTCATGAGAGCCGTGAACACCGCCAAGAAGTCCAGACTGACCGA
CGTCGACACTCGOCGGAGGCAGCTTTAGAACCCCTATCCAAGAGGAACAGGCCG
ACGCTCACTCTACACTGGCTAGAGTGAAGTTCAGCAGATCCGCCGACGCTCCTY
GCCTATCAGCAGGGLCAAAACCAGCTGTACAACGAGCTGAACCTGGGGAGAA
GAGAAGAGTACGACGTGCTGGACAAGCGGAGAGGCAGAGATCCTGAAATGGG
CGGCAAGCCCCAGCGGAGAAAGAATCCTCAAGAGGGCCTGTATAATGAGCTG
CAAAMAGGACAAGATGGUCGAGGCCTACAGCGAGATCGGAATGAAGGGLGAGT
GCAGAAGAGGCAAGOGGACACGATGGACTGTACCAGOGCCTGAGCACCGCCAC
CAAGGATACCTATGATGCCCTGCACATGCAGGUCCTGCCTCCAAGA

CD28 signaling domain: CD28 transmembrane (D28 signaling domain {SEQ ID NO:

194}
CTGTTCCCCGGACCTAGCAAGCCCTTTTGGGYGCTCGTTIGTTGTTGGCGGCGTG
CTGGCCTGTTATAGCCTGUTGGTTACCGTGGUCTTCATCATCTTITTGGGTCCGA
AGCAAGCGGAGCCGGCTGCTGCACAGCGACTACATGAACATGACCCCTAGACG
GCCCGGACCAACCAGAAAGCACTACCAGCCTTACGCTCCTCCTAGAGACTTCG
CCGCCTACAGATCT

Human CD137/4-1BB (SEQ ID NO: 195%)
AAGCGGGGCAGAAAGAAACTGCTGTACATCTTCAAGCAGCCCTICATGCGGCC
COTGCAGACCACACAAGAGGAAGATGGUTGCTCCTGCAGATTICCCCGAGGAAG
AAGAAGGCGGCTGCGAACTT

Human CD134/0X40 (SEQ 1D NG: 196)
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AGGAGAGACCAGCGTCTGCCACCAGATGCACATAAGCCACCTGGCGGCGGAA
GCTTTAGAACCCCTATCCAAGAGGAACAGGCCGACGUTCACTCTACACTGGCT
AAAATC

truncated/mutated CD137/4-1BB (SEQ 1D NG: 197)
CAGCCTITTCATGAGGCCCGTGCAGACCACACAAGAAGAGGACGGCTGCTCCTG
CAGATTCCCCGAGGAAGAGGAAGGCGGTTGCGAACTT

Truncated/mutated CD134/0X40 (SEQ D NO: 198)
GGCGGCGGAAGCTTTAGAACCCCTATCCAAGAGGAACAGGCCGACGCTCACTC
TACACTGGCTY

In some embodiments, the cell disclosed herein further comprises a sequence
evcoding an artificial antigen receptor, a therapeutic polypeptide, an immune cell modulatory
protein, or a combination thereof. In some embodiments, the artificial antigen receptor
comprises a chimeric antigen receptor (CAR). In some embodiments, the artificial antigen
receptor comprises a recombinant T cell receptor (TCR). In some embodiments, the artificial
antigen receptor comprises an enhanced affinity TCR. In some embodiments, the artificial
antigen receptor binds to a tumor associated antigen {TAA), a pathogen associated protein, or
an antigen associated with the disease or disorder is a cancer, an autoimmune disease or
disorder, an infectious disease, an inflammatory disease, a renal disease or disorder, a lung
disease or disorder, a liver disease or disorder a neurodegenerative disorder or disorder, or a
metabolic disorder or disorder.

In some embodiments, the artificial antigen receptor binds to a TAA associated with a
solid tumor or a hematologic cancer. In some embodiments, artificial antigen receptor binds
to a TAA associated with a cancer selected from any one of leukemia, acute leukemia, acute
fymphoblastic leskemia (ALL), acute lymphocyiic leukemia, B cell, T cell or FAB ALL,
acuie myeloid leukemia (AML}, acute myelogenous leakemia, chronic myelocytic leukemia
{CML), chronic lymphocytic leukemia (CLL), baury cell teukemia, myelodysplastic
syndrome (MDS), a lvmphoma, Hodgkin's disease, a malignant lymphoma, non-Hodgkin's
tymphoma, Burkitt's lymphoma, nultiple myeloma, Kapost's sarcoma, colorectal carcinoma,
pancreatic carcinoma, nasopharyngeal carcinoma, malignant histiocyiosis, paraneoplastic
syndrome/hypercalcemia of malignancy, sohid tumors, bladder cancer, breast cancer,
colorectal cancer, endometrial cancer, head cancer, neck cancer, hereditary nonpolyposis

cancer, Hodgkin's lymphoma, liver cancer, lung cancer, non-small cell lung cancer, ovarian
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cancer, pancreatic cancer, prostate cancer, renal cell carcinoma, testicular cancer,
adenocarcinomas, sarcomas, malignant melanoma, and hemangioma.

In some embodiments, the artificial antigen receptor binds to a TAA selected from
kallikrein 4, papillomavirus binding factor (PBF), preferentially expressed antigen of
melanoma (PRAME), Wilms' tumor-I (WTID), Hydroxysteroid Debydrogenase Like |
(HSDLY, mesothelin, cancer testis antigen (NY-ES0-1), carcinoembryonic antigen (CEA),
pS3, human epidermal growth factor receptor 2/neuro receptor tyrosine kinase (Her2/Neu),
carcinoma-associated epithelial cell adhesion molecule (EpCAM), ovarian and uterine
carcinoma antigen (CAI23), folate receptor a, sperm protein 17, tumor-associated
differentially expressed gene-12 (TADG-12), mucin-16 (MUC-16), LI cell adhesion
molecule (LICAM), mannan-MUC-1, Human endogenous retrovirus K (HERV-K-MEL),
Kita-kyushu lung cancer antigen-1 (KK-LC-1), human cancer/testis antigen (KM-HN-1},
cancer testis antigen (LAGE-1), melanoma antigen-Al (MAGE-Al), Sperm surface zona
peliucida binding protein (Spl 7), Synovial Sarcoma, X Breakpotot 4 (85X-4), Transient
axonal glycoprotein-1 {(TAG-1), Transient axonal glycoprotein-2 {(TAG-2), Enabled Homolog
{(ENAH), mammoglobin-A, NY-BR-I, Breast Cancer Auntigen, (BAGE-1), B melanoma
antigen, melanoma antigen-Al (MAGE-Al), melanoma antigen-A2 (MAGE-A2), mucin k,
synovial sarcoma, X breakpoint 2 (88X-2), Taxol-resistance-associated gene-3 (TRAG-3),
Avian Myelocytomatosis Viral Oucogene ( c-myc }, cyclin B 1, mucin I (MUC 1), p62,
survivin, lymphocyte common antigen {(CD43), DickkoptWNT Signaling Pathway Inhibitor 1
{DKKI), telomerase, Kirsten rat sarcoma viral oncogene homolog (K-ras), G250, intestinal
carboxyl esterase, alpha-fetoprotein, Macrophage Colony-Stimulating Factor (M-CSF),
Prostate~-specific membrane antigen (PSMA), caspase 5 (CASP-5), Cytochrome € Oxidase
Osteosarcoma Amplified 9, Endoplasmic Reticulum Lectin (08-9), Transforming Growth
Factor Beta Receptor 2 (TGF-betaRID), murine leukemia glycoprotein 70 (gp70), Calcitonin
Related Polypeptide Alpha (CALCA), Programmed cell death 1 ligand 1 (CD274), Mouse
Double Minute 2Homolog {mdm-2}, alpba-activin-4, elovgation factor 2, Malic Enzyme |
{MET), Nuclear Transcription Factor Y Subunit C (NFYC), G Antigen 1,3 (GAGE-1.3),
melanoma antigen-A6 (MAGE-AG), cancer testis antigen XAGE-1b, six transmembrane
epithelial antigen of the prostate 1 (STEAPI), PAP, prostate specific antigen (PSA),
Fibroblast Growth Factor 5 (FGFS), heat shock protein hsp70-2, melanoma antigen-A9
(MAGE-A9), Arg-specific ADP-ribosyliransferase family C (ARTCHy, B-Raf Proto-
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Uncogene (B-RAF), Serine/Threonine Kinase, beta-catenin, Cell Division Cycle 27 homolog
{Cde27), cychn dependent kinase 4 {CDK4), cychin dependent kinase 12 (CDK 12}, Cyclin
Dependent Kinase Inhibitor 2A (CDENZA), Casein Kinase 1 Alpha 1T (CSNKIAL),
Fibronectin 1 (FNI}, Gruwih Anest Specific 7 (GAS7), Glycoprotein nonmetastatic
melanoma protein B (GPNMB), HAUS Augmin Like Complex Subunit 3 (HAUS3), LDLR-
fucosyltransferase, Melanoma Antigen Recognized By T cells 2 (MART2), myostatin
{(MSTN)}, Melanoma Associated Antigen (Mutated) | (MUM-1-2-3), Poly{A) polymerase
gamma {neo-PAP), myosin class I, Protein phosphatase 1 regulatory subunit 3B (PPPIR3B),
Peroxiredoxin-3 (PRDXS), Receptor-type tyrosine-protein phosphatase kappa (PTPRIO),
Transforming protein N-Ras (N-ras), retinoblastoma-associated factor 600 (RBAF600),
sirtuin-2 {SIRT2}, SNRPDM, triosephosphate isomerase, Ocular Albinism Type 1 Protein
{OAD), member RAS oncogene family (RAB38), Tyrosinase related protein 1-2 (YRP-1-2},
Melanoma Antigen Gp75 (gp75), tyrosinase, Melan-A (MART-1), Glycoprotein 100
melanoma avtigen (gplOO), N-acetylglucosaminyliransferase V gene (GnTVE, Lymphocyte
Antigen 6 Complex Locus K (LY0K), melanoma antigen-AlQ (MAGE-AIQO), melanoma
antigen-Al2 (MAGE-AI2), melanoma antigen-C2 (MAGE-C2), melanoma auntigen NABB-A
Taxol-resistant-associated protein 3 (TRAG-3), BDZ binding kinase {pbk}, caspase 8 (CASP-
8), sarcoma antigen 1 (SAGE), Breakpoint Cluster Region-Abelson oncogene (BCR-ABL),
fusion protein in leukemia, dek-can, Elongation Factor Tu GTP Binding Domain Containing
2 (EFTUD2), ETS Variant gene 6/acute myeloid leukemia fusion protein (ETVo-AMLTY,
FMS-like tyrosine kinase-3 internal tandem duplications (FLT3-1TD), cyclin-Al, Fibronectin
Type IH Domain Containing 3B (FDNC3B,) promyelocytic leukemia/retinoic acid receptor
alpha fusion protein {(prol-RARalpha), melanoma antigen-Cl (MAGE-C1), membrane protein
alternative spliced isoform {D393-CD20), melanoma antigen-A4 (MAGE-A4), and
melanoma antigen-A3 (MAGE-A3).

In some embodiments, the artificial antigen receptor binds to an antigen associated
with an autoimmune condition or disorder selected from any one of Type 1 Dhabetes,
rheumatoid arthritis (RA), systemic lupus erythematosis (SLE), or multiple sclerosis (MS). In
some embodiments, the artificial antigen receptor binds to an antigen associated with an
autcimmune condition or disorder selected from any one of Carboxypeptidase H,
Chromogranin A, Glutamate decarboxylase, Imogen-38 | Insulin, Insulinoma antigen-2 and
2B, Islet-specific glucose-6-phosphatase catalytic subunit related protein (IGRP), Proinsulin,
g-enclase, Aquaporin-4, B-arrestin, Myelin basic protein, Myelin oligodendrocytic

glycoprotein, Proteolipid protein, 5100-8, Citrullinated protein, Collagen H, Heat shock
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proteins, Human cartilage glycoprotein, Double-stranded DNA, La antigen, Nucleosomal
histones and ribonucleoproteins (snRNP), Phospholipid-B-2 glycoprotein T complex,
Poly(ADP-ribose) polymerase, Sm antigens of U-1 small ribonucleoprotein complex.

In some embodiments, the artificial antigen receptor binds to a pathogen associated
antigen from a bacterial, a fungal or a parasitic protein or fragment thereof. Tn some
embodiments, the artificial antigen receptor binds to an antigen associated with HIV
infection, human Cytomegalovirus infection, Hepatitis B infection, Hepatitis C infection,
Ebola virus infection, Dengue, Yellow fever, Listeriosis, Tuberculosis, Cholera, Malaria,
Leishmaniasis, or Trypanosoma infection, or a combination thereof.

In some embodiments, the artificial antigen receptor binds to an antigen associated
with a neurodegenerative disorder or condition selected from Alzheimer's disease {(AD) and
other dementias, Parkinson's disease (PD) and PD-related disorders, Prion disease, Motor
neurone diseases (MND), Huntington's disease (HD), Spinocerebellar ataxia (SCA) or Spinal
muscular atropby (SMA). In some embodiments, the antigen associated with the
neurodegenerative disorder or condition is any one of Amyloid f (AP}, tau, alpha-synuclein
{w-syn), mHTT or prion PrPsc or a combination thereof.

In some embodiments, the therapeutic polypeptide 1s a cytokine, a cytokine receptor,
a chemokine, a chemokine receptor, an immunogenic polypeptide, or a cell surface protein
that binds to a target on the surface of anocther cell. In some embodiments, the immune cell
modulatory protein is a cyiokine, a chemokine, a transcription factor, a protein kinase, a
protease, a component of an adaptor protein of a cell signaling pathway.

In some embodiments, the cell disclosed herein expresses the RTCR disclosed herein.
In some embodiments, the cell disclosed herein expresses the RTCR disclosed herein stably
or transiently. In some embodiments, the cell disclosed herein expresses the RTCR disclosed
herein stably. In some embodiments, the cell disclosed herein expresses the RTCR disclosed
herein fransiently.

In some embodiments, the cell disclosed herein co-expresses at least one of the
endogenous co-stimulatory molecules CD28, CD2, OX-40, ICOS, CD2B, CD3, CD4, CDE
and CD40L or a combination thereof.

The present disclosure also provides a modified T ymphoeyte (T cell), comprising:
{a) a modification of an endogenous sequence encoding a T cell Receptor (TCR), wherein the
modification reduces or climinates a level of expression or activity of the TCR or ; and (b) a

recombinant T cell co-stimulatory receptor (RTCR} disclosed herein. In some embodiments,
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the modification of an endogenous sequence encoding a T cell Receptor (TCR) is done using
a nucleic actd modifying system. In some embodiments, the nucleic acid modifying system is
one or more of a CRISPR/Cas protein, a Transcription Activator-Like Effector Nuclease
{TALEN), a Zinc Finger Nuclease (ZFN), and an endonuclease. In some embodiments, the
maodification of an endogenous sequence encoding a T cell Receptor (TCR) is done by
nonthomologous end joining repair. In some embodiments, the nonhomologous end joining
repair is generated by zine finger nuclease, introduced into the cell by physical meang, viral
vector, or non-viral vector. In some embodiments, the nonhomologous end joining repair is
generated by TALE nuclease, introduced into the cell by physical means, viral vector, or non-
viral vector. In some embodiments, the modification of an endogenous sequence encoding a
T cell Receptor (TCR) reduces or eliminates a level of expression of the alpha chain of the
TCR. In some embodiments, the modification of an endogenous sequence encoding a T cell
Receptor (TCR) reduces or eliminates a level of expression of beta chain of the TCR. In some
embodinments, the modification of an endogenous sequence encoding a T cell Receptor (TCR)
reduces or eliminates a level of expression of both the alpha chain and the beta chain TCR
alpha chain.

In some embodiments, the modified T cell disclosed herein co-expresses at least one
of the endogenous co-stimulatory molecules CD28, CD2, 0X-40, ICOS, CD28, CD3, CDh4,
CD8 and CD4OL or a combination thereof.

In some embodiments, the method disclosed herein further comprises a modification
of an endogenous sequence encoding a component of major histocompatibility complex
(MHC) class I (MHC-I), wherein the modification reduces or eliminates a level] of expression
or activity of the MHC-1. In sorve erobodiments, the modification reduces or eliminates the
expression or activity of BZ-macroglobulin.

The present disciosure also provides a composition comprising the RTCR disclosed
herein. The present disclosure also provides a composition comprising the nucleic acid
encoding the RTCR disclosed herein. The present disclosure also provides a composition
comprising the vector comprising the nucleic acid disclosed herein. The present disclosure
also provides a composition comprising the cell disclosed herein. The present disclosure also
provides a composition comprising the modified T cell disclosed herein.

The present disclosure also provides a composition comprising a population of cells,
wherein the population comprises a plurality of the cell comprising the nucleic acid encoding

or a vector comprising the nucleic acid encoding the RTCR disciosed herein. The present
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disclosure also provides a composition comprising a population of celis, wherein the
population comprises a plurality of the modified T cell disclosed herein.

The present disclosure also provides a method of producing a plurality of modified T
cells, wherein the method comprises: a) providing a plurality of primary T cells disclosed
herein; b} providing a composition comprising the RTCR disclosed herein, the nucleic acid
enceding the RTCR disclosed herein, or the vector comprising the nucleic acid encoding the
RTCR disclosed herein; and ¢) introducing into the plurality of primary T cells of {a} the
composition of (b), to produce a plurality of modified T cells under conditions that stably
express the RTCR within the plurality of modified T cells. In some embodiments, the method
of producing a plurality of modified T cells disclosed herein, further comprises a step of
modifying an endogenous sequence encoding an endogenous T cell Receptor (TCR), wherein
the modification reduces or eliminates a level of expression or activity of the endogenous
TCR. In some embodiments, the methed of producing a plurality of modified T cells
disclosed heretn, further comprises a step of modifying an endogenous sequence, wheretn the
modification reduces or eliminates a level of expression or activity of a major
histocompatibility complex (MHC) class I {(MHC-1),

In some embodiments, the modifying an endogenous sequence encoding a T cell
Receptor {TCR) is done using a nucleic acid modifying system. In some embodiments, the
modifying an endogenous sequence that reduces or eliminates a level of expression or
activity of 13 done using a nucleic acid modifying system. In some embodiments, the nucleic
acid modifying system is a one or more of a CRISPR/Cas protein, a Transcription Activator-
Like Effector Nuclease (TALEN), a Zinc Finger Nuclease (ZFN), and an endonuclease. In
some embodiments, the modifying an endogenous sequence 1s done by nonhomologous end
joining repair. In some embodiments, the nonhomologous end joining repair is generated by
zinc finger nuclease, introduced into the cell by physical means, viral vector, or non-viral
vector. In some embodiments, the nonhomaologous end joining repair is generated by TALE
nuclease, introduced into the cell by physical means, viral vector, or non-viral vector. In some
embodiments, the modifying an endogenous sequence encoding a T cell Receptor (TCR)
reduces or eliminates a level of expression of the alpha chain of the TCR. In some
embodiments, the modifying an endogenous sequence encoding a T cell Receptor (TCR}
reduces or eliminates a level of expression of beta chain of the TCR. In some embodiments,
the modifving an endogenous sequence encoding a T cell Receptor (TCR) reduces or

eliminates a level of expression of both the alpha chain and the beta chain TCR alpha chain.
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In some embodiments, the modifying an endogenous sequence that reduces or
climinates a level of expression or activity of a major histocompatibility complex (MHC)
class I (MHC-1), wherein the modifying of an endogenous sequence reduces or eliminaies a
level of expression or activity of the MHC-1. In some embodiments, the modifying of an
endogenous sequence reduces or eliminates the expression or activity of f2-macroglobulin,

o some embodiments, the method of producing a plurality of modified T cells
disclosed herein, further comprises: d} maintaining or expanding the plurality of modified T
cells in a suitable cell culture media; and ¢) either: 1) cyropreserving the plurality of modified
T cells in a suitable cell freezing media; or ii} preparing the plurality of modified T celis for
administering to a subject suffering from a disease or disorder.

The compositions comprising the cells or modified T cells of the disclosure, and the
plurality of modified T cells produced by the methods of the disclosure, intended for
administration to a subject may be required to meet one or more “release criteria” that
indicate that the composition is safe and efficacious for formulation as a pharmaceutical
product and/or administration to a subject. Release criteria may include a requirement that a
composition of the disclosure {e.g., a cell or modified T cell of the disclosure) comprises a
particular percentage of cells or modified T cells expressing the RTCR of the disclosure on
their cell surface. The expansion process should be continued until a specific criterion has
been met (e.g., achieving a certain total ruraber of cells or modified T cells of the disclosure
or a certain percentage of total number of cells or modified T cells expressing the RTCR of
the disclosure).

Certain criterion signal a point at which the expansion process should end. For
example, cells should be formulated, reactivated, or cryopreserved once they reach a cell size
of 3001fL {ctherwise, cells reaching a size above this threshold may start to die).
Cryopreservation immediately once a population of celis reaches an average cell size of less
than 300 1. way yield better cell recovery upon thawing and culture because the cells haven’t
vet reached a fully quiescent state prior to cryopreservation (a fully quiescent size is
approximately 180 f1.). Prior to expansion, T cells of the disclosure may have a cell size of
about 180 {1, but may more than quadruple their cell size to approximately 00 L at 3 days
post-expansion. Over the next 6-12 days, the population of T cells will slowly decrease cell
size to full quiescence at 180 1.

A process for preparing a cell population for formulation may include, but is not

fimited to the steps of, concentrating the cells of the cell population, washing the celis, and/or
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further selection of the cells via drug resistance or magnetic bead sorting against a particular
surface-expressed marker. A process for prepanng a cell population for formulation may
further include a sorting step to ensure the safety and purity of the final product. For example,
if a tumor cell from a patient has been used to stimulate a modified T cell of the disclosure or
that have been modified in order to stimulate a modified T cell of the disclosure that is being
prepared for formulation, it is critical that no tumor cells from the patient are included in the
final product.

In some embodiments, the cell disclosed herein, or the modified T cell disclosed
herein, expresses on the cell surface the RTCR comprising a mutant CD137 or a mutant
U134 intracellular signaling domain disclosed herein, at a level that is at least about 2X, 3X,
4X, 5%, 6X, 7X, 8X, 9X, 10X or 20X, more as compared to the level of expression of a co-
stimulatory molecule comprising a wild type CID137 or a wild type CD134 intracellular
domain, respectively.

Pharmaceutical composition or formulation

In some embodiments, the compositions disclosed herein, and the population of
modifted T cells produced using the methods disclosed herein, is in the form of a
pharmaceutical formulation (or composition). In some embodiments, the pharmaceutical
formulation disclosed herein comprises a pharmaceutically acceptable carrier. A
pharmaceutical formulation of the disclosure may be distributed into bags for infusion,
cryopreservation, and/or storage.

A pharmaceutical formulation of the disclosure may be cryopreserved using a
standard protocol and, optionally, an infusible cryopreservation medium. For example, a
DMSO free eryopreservant {e.g. CryoSOfree™ DIMSO-free Cryopreservation Medium) may
be used to reduce freezing-related toxicity. A cryopreserved pharmaceutical formulation of
the disclosure may be stored for infusion to a patient at a later date. An effective treatment
may require multiple administrations of a pharmaceutical formulation of the disclosure and,
therefore, pharmaceutical formulations may be packaged in pre-aliquoted “doses” that may
be stored frozen but separated for thawing of individual doses.

A pharmaceutical formulation of the disclosure may be stored at room temperature.
An effective treatment may require multiple administrations of a pharmaceutical formulation
of the disclosure and, therefore, pharmaceutical formulations may be packaged in pre-
aliquoted “doses” that may be stored together but separated for administration of individual

doses.
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A pharmacentical formulation of the disclosure may be archived for subsequent re-
expansion and/or selection for generation of additional doses to the same patient in the case
of an allogenic therapy who may need an administration at a future date following, for
example, a remission and relapse of a condition.

As noted above, the disclosure provides for stable formulations, which preferably
comprise a phosphate buffer with saline or a chosen salt, as well as preserved solutions and
formulations containing a preservative as well as multi-use preserved formulations suitable
for pharmaceutical or veterinary use, comprising at least one modified cell ina
pharmaceutically acceptable formulation. Preserved formulations contain at least one known
preservative or optionally selected from the group cousisting of at least one phenol, m-cresol,
p-cresol, o-cresol, chlorocresol, benzyl alcohol, phenylmercuric nitrite, phenoxyethanol,
formaldehyde, chlorohutanol, magnesium chloride (e.g., hexahydrate), allylparaben (methyl,
sthyl, propyl, buty! and the like), benzalkonium chloride, benzethonitum chloride, sodium
dehydroacetate and thimerosal, polymers, or mixtures thereof in an aqueous diluent. Any
suitable concentration or mixture can be used as known in the art, such as about 0.0015%, or
any range, value, or fraction therein. Non-limiting examples include, no preservative, about
0.1-2% m-~cresol {e.g,, 0.2, 0.3. 0.4, 0.5, 0.9, 1.0%), about 0.1-3% benzyl alcohol {e.g., 0.5,
09, 11,15,19 2.0, 2.5%), about 0.001-0.5% thimerosal (e.g., 0.003, 0.01), about 0.001-
2.0% phenol {e.g., 0.05, 0.25, 0.28, 0.5, 0.9, 1.0%), 0.0005-1.0% alkylparaben{s) (e.g,
0.06078, 0.0009, 6.001, 0.002, 0.005, 6.007S, 0.009, 0.01, 06.02, 6.05,0.075,0.09, 0.1, 0.2,
0.3,0.5,0.75, 0.9, 1.0%), and the like.

As noted above, the disclosure provides an article of manufacture, comprising
packaging material and at least one vial comprising a solution of at least one modified cell
with the prescribed bufters and/or preservatives, optionally in an aqueous diluent, wherein
said packaging material comprises a label that indicates that such solution can be held over a
periad of 1, 2,3, 4,5, 6,9, 12, 18, 20, 24, 30, 36, 40, 48, 54, 60, 66, 72 hours or greater.

The articles of manufacture of the present disclosure are useful for administration
over a period ranging from immediate to twenty-four hours or greater. Accordingly, the
presently claimed articles of manufacture offer significant advantages to the patient.
Formulations of the disclosure can optionally be safely stored at temperatures of from about
2° C. to about 40° C. and retain the biological activity of the protein for extended periods of
time, thus allowing a package label indicating that the solution can be held and/or used overa

period of 6, 12, 18, 24, 36, 48, 72, or 96 hours or greater.
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The products of the preseat disclosure tuclude packaging material. The packaging
material provides, in addition to the mformation required by the regulatory agencies, the
conditions under which the product can be used.

The present disclosure also provided a method of treating a disease or disorder,
comprising administering to a subject 1o need thereof a therapeutically effective number of
the cell comprising the nucleic acid encoding or the vector comprising the nucleic acid
encoding the RTCR disclosed herein, a therapeutically effective number of any one of the
modified T cell disclosed herein, a therapeutically effective amount of any one of the
compositions disclosed herein, or a therapeutically effective number of the plurality of
modified T cells produced by the method disclosed berein.

In some embodiments, the subject is a mammal. In some embodiments, the mammal
ts any one of a human, a primate, a rodent, a canine, 2 feline, an ungulate, an equine and a
porcine. In some embediments, the mammal is a human. In some embediments, the disease
or disorder 15 any one of a cancer, an autoimmune disorder, an infectious disease, an
inflammatory disease or condition, a renal disease or disorder, a lung disease or disorder, a
fiver disease or disorder, a cardiovascuiar system disease or disorder, a neurodegenerative
disorder or condition, or a metabolic disorder or condition. In some embodiments, the cancer
is a solid turmor or a hematologic cancer. In some embodiments, the infectious disease is
caused by a bacteria, a virus, a fungi, a protozoa, or a parasite. In some embodiments, the
neurcdegenerative disorder or condition is any one of Alzheimer's disease (AD) and other
dementias, Parkinson's disease (PD) and PD-related disorders, Prion disease, Motor neurone
diseases (MND), Huntington's disease (HD), Spinocerebellar ataxia (SCA) or Spinal
muscular atrophy (SMA).

The present disclosure provides a chimeric co-stimulatory intracellular protein (CIP)
comprising a first and at {east a second sigoal transduction domains, wherein the first and the
at feast second signal transduction domains are non-identical; and wherein the at least second
sigual transduction domain comprises a mutant intracellnlar signaling domain of a tumor
necrosis factor receptor {TNFR) family protein.

The present disclosure also provides a chimeric co-stimulatory intracellular protein
{CIP} comprising a firsi and at least a second signal transduction domains, wherein the first
and the at least second signal transduction domains are non-identical; and wherein the at least
second signal transduction domain comprises a mutant C3137 (4-1BB) intracellular domain

or a mutant CD34 (OX-40) intracellular domain.
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In some embodiments of the CIP disclosed herein, the mutant intracellular signaling
domain of a TNFR family protein 1s any one of a mutant CD137 (4-1BB) intracellular
domain or a mutant CP134 (0X-40) intracellular domain. In some embodiments, the CIP
further comprises a transmembrane domain. In some embodiments of the CIP disclosed
herein, the mutant CD137 intracellular domain is a truncated CD137 intracellular domain.

In some embodiments of the CIP disclosed herein, the truncated CD137 intracellular
domain comprises an amino acid sequence according to amine acid position 13 to amino acid
position 42 of the CD137 intracetiular domain, of the present disclosure. In some
embodiments of the CIP disclosed herein, the truncated CD 137 intracellular domain
comprises a deletion of a continuous streich of one, two, three, four, five, six, seven, eight,
nine, ten or more amino acids from the N-terminus the CD 37 intracetlular domain, of the
present disclosure. In some embodiments of the CIP disclosed herein, the truncated CD137
intraceliular domain comprises a deletion of one, two, three, four, five, six, seven, eight, nine,
ten or more amino acids from amino acid posttion 1 to amino acid position 12 of the N-
terminus of the CD137 intraceliular domain, of the present disclosure. In some embodiments
of the CIP disclosed herein, the CD137 intracellular domain of the present disclosure
comprises an amino acid sequence according to SEQ 1D NG 1,

In some embodiments of the CIP disclosed herein, the truncated CD 137 intracellular
domain comprises an amino acid sequence according to SEQ D NG: 3.

In some embodiments of the CIP disclosed herein, the mutant CD 137 intracelular
domain comprises a deletion of one, two, three or four lysine residue(s) from amino acid
position 1 to amino acid position 12 of the N-terminus of the CD137 intracellular domain, of
the preseut disclosure. To some embodiments of the CIP disclosed herein, the mutant CD137
intracethular domain comprises one or more lysine mutation(s) from amino acid position 1 to
amino acid position 12 of the N-terminus of the CD137 intracellular domain, of the present
disclosure. In some embodiments of the CIP disclosed herein, the mutant CD 137 intracelluiar
domain comprises one or more lysine mutation(s) at amino acid positions selected from
amino acid positions 1, 5, 6 and 12 of the N-terminus of the CI»137 intracellular domain, of
the present disclosure.

In some embodiments of the CIP disclosed herein, the mutant CD137 intracellular
domain comprises a deletion of one or more proximal basic amino acids from amino acid
position T to aming acid posttion 12 of the N-terminus of the CD137 intracellular domain, of
the present disclosure. In some embodiments of the CIP disclosed herein, the mutant CD137

intracettular domain comprises one or more proximal basic amino acid mutation(s) from
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amine acid position 1 to arino acid position 12 of the N-terroinus of the CD137 intraceliular
domain, of the present disclosure. In some ernbodiments of the CIP disclosed herein, the
mutant CD137 intracellular domain comprises one or more proximal basic amino acid
mutation(s) at amino acid positions selected from amine acid positions 1, 2, 3, 4, 5 and 6 of
the N-terminus of the CD137 intracellular domain, of the present disclosure. In some
embodiments of the CIP disclosed herein, the mutant CID137 intracellular domain further
comprises a lysine mutation at amino acid position 12 of the N-terminus of the CD137
intracetiular domain, of the present disclosure,

In some embodiments of the CIP disclosed herein, the mutant CD 134 intracellular
domain is a truncated C13134 intracellular domain. In some embodiments of the CIP
disclosed herein, the truncated CD134 intracellular domain comprnises an amino acid
sequence according to amino acid position 15 to amino acid position 37 of the CD134
intraceliular domain, of the present disclosure. In some embodiments of the CIP disclosed
herein, the truncated CI3 134 intracellular domain comprise a deletion of a continuous stretch
of one, twe, three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen or more
amino acids from the N-terminus of the CD 134 intracellular domain, of the present
disclosure. In some embodiments of the CIP disclosed herein, the truncated CD134
intraceliular domain comprises a deletion of one, two, three, four, five, six, seven, eight, nine,
ten, eleven, twelve, thirteen or more amino acids from amino acid position 1 to amino acid
position 14 of the N-terminus of the CD 134 intracellular domain, of the present disclosure.

In some embodiments of the CIP disclosed herein, the truncated CI2134 intracellular
domain comprises an amino acid sequence according to SEQ ID NO: 6.

In some embodiments of the CIP disclosed herein, the mutant CD 134 intracellufar
domain comprises a deletion of a lysine residue from amine acid position 1 to amino acid
position 14 of the N-terminus of the CD134 intracellular domain, of the present disclosure. In
some embodiments of the CIP disclosed herein, the mutant CD134 intraceliviar domain
comprises a lysioe mutation at amino acid position 12 of the N-terminus of the CD134
intracetiular domain, of the present disclosure.

In some embodiments of the CIP disclosed herein, the mutant CD 134 intracellular
domain comprises a deletion of one or more proximal basic amino acids from amino acid
position 1 to amino acid position 14 of the N-terminus of the CD134 intracellular domain, of
the present disclosure. In some embodiments of the CIP disclosed herein, the mutant CD134
intracetiular domain comprises one or more proximal basic amino acid mutation(s) from

amino acid position 1 to amino acid position 14 of the N-terminus of the CD134 intracellular
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domain. In some embodiments of the CIP disclosed herein, the wmutant CD134 intracellular
domain comprises one or more proximal basic amino acid mutation{s) at amino acid positions
selected from amino acid positions 1, 2, and 5 of the N-terminus of the CD 134 intracellular
domain. In some embodiments of the CIP disclosed herein, the mutant C13134 intracellular
domain further comprises a lysine mutation at amino acid position 12 of the N-terminus of
the CD134 intracellular domain

In some embodiments, the CIP disclosed herein comprises a first signal transduction
domain derived from a protein of the CD28 family. In some embodiments, the CIP disclosed
herein comprises a first signal transduction domain derived from any one of CD28, CD28H,
ICOS or a combination thereof.

In some embodiments, the CIP disclosed herein comprises a first signal transduction
domain derived from ICOS. In some embodiments, the first signal transduction domain
derived from ICOS comprises an amino acid sequence according to SEQ [ NO: 9.

In some embodiments, the CIP disclosed herein comprises a first signal transduction
domain comprising a portion of a CD28 intraceliular domain combined with an ICOS domain
according to SEQ 1D NO: 9. Iu some embodiments of the CIP disclosed herein, the first
signal transduction domain comprises an amino acid sequence according to any one of SEQ
D NOs: 12 or 109, In some embodiments, the CIP disclosed herein comprises a first signal
transduction domain derived from CD28. In some embodiments of the CIP disclosed herein,
the first signal transduction domain dertved from CD28 comprises an amino acid sequence
according to SEQ D NO: 10, In some embodiments of the CIP disclosed herein, the first
signal transduction domain derived from CD28 comprises an amino acid sequence according
to any one of SEQ ID NOs: 121-122. In some embodiments, the CIP comprises an amino
acid sequence according to any one of SEQ 1D NOs: 14-17.

T some embodiments, the CIP disclosed herein further comprises a third signal
transduction domain. In some embodiments, the CIP disclosed herein further comprises a
third signal transduction domain detived from any ove of a CD3 signaling domain, a CD2
signaling domain or an interleukin 2 receptor binding (IL-2RB} protein signaling domain or a
combination thereof. In some embodiments, the CD3 signaling domain of the CIP disclosed
herein is derived form a CD3( or a CD3g domain or a combination thereof. In some
embodiments, the U133 signaling domain of the CIP disclosed herein is a D3 domain
comprising an amino acid sequence according to any one of SEQ 1D NQs: 18, 45, 46, 47 and

48,
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In some embodiments, the third signal transduction domain of the CIP disclosed
herein is a CD3Z domain comprising an amino acid sequence having according to SEQ ID
NGO: 18. In some embodiments, the third signal transduction domain of the CIP disclosed
herein 1s a CD3¢ domain comprising an anino acid sequence having at least 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99% identity to according to SEQ ID NO:
18. In some embaodiments, the third signal transduction domain of the CIP disclosed herein is
a CD3E dormain comprising an amino acid sequence having according to SEQ ID NO: 45, In
some embodiments, the third signal transduction domain of the CIP disclosed heretn is a
CD3C domain comprising an aming acid sequence having at feast 50%, 55%, 60%%, 63%,
T0%, 75%, 80%, 8§5%, 90%, 95%, 97% or 99% identity to according to SEQ ID NO: 45. In
some embodiments, the third signal transduction domain of the CIP disclosed hereinis a
truncated CD3 domain comprising an amino acid sequence having according to SEQ ID
NO: 46. In some embodiments, the third signal transduction domain of the CIP disclosed
herein, the third signal transduction domain of the CIP disclosed herein is a truncated CD3{
domain comprising an amino acid sequence having at least S0%, 553%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 97% or 99% identity to according to SEQ 1D NG: 46 In some
embodinents, the third signal travsduction domain of the CIP disclosed herein is a CD3g
domain comprising an amino acid sequence according to SEQ 1D NO: 47. In some
embodiments, the third signal transduction domain of the CIP disclosed herein is a CD3e
domain comprising an amino acid sequence having at least 50%, 55%, 60%, 65%, 70%, 75%,
80%, B5%, 90%, 95%, 97% or 99% identity to SEQ ID NOG: 47, lo some embodiments, the
third signal transduction domain of the CIP disclosed herein is a combination of a CD3g and
a truncated CD3E domains (CD3Ce domain). In some embodiments, the third signal
transduction domain of the CIP disclosed herein is a CD3(e domain comprising an amino
acid sequence according to SEQ ID NO: 48, In some embodiments, the third signal
transduction domain of the CIP disclosed herein is a CD3(e domain comprising an amino
acid sequence having at feast S0%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 9(%, 95%, 97%
or 99% 1dentity to SEQ ID NO: 48

In some embodimends, the third signal transduction domain of the CIP disclosed
herein is a CD2 signaling domain. In some embodiments, the third signal transduction
domain of the CIP disclosed herein ts a mutant CDZ signaling domain. In some embodiments,
the mutant CD2 signaling domain is a truncated CD2 signaling domain. In some

embodiments, the third signal transduction domain of the CIP disclosed hereinis a CD2
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signaling dorain corprising an amino acid sequence according to SEQ 1D NG: 49, To some
embodiments, the third signal transduction domain of the CIP disclosed hereinis a CD2
signaling domain comprising an amino acid sequence having at feast 50%, 55%, 60%, 65%,
TO%, 75%, $0%, 85%, 00%, 95%, 97% or 99% identity to SEQ ID NO: 49,

In some embodiments, the third signal transduction domain of the CIP disclosed
herein, is an {L-2RB protein signaling domain comprising an amino acid sequence according
to SEQ ID NO: 50, In some embodiments, the third signal transduction domain of the CIP
disclosed herein is an IL-2RB protein signaling domain comprising an amino acid sequence
having at feast 50%%, 55%, 60%. 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99%
identity to SEQ 13 NO: 50.

In some embodiments, the CIP disclosed herein further comprises a fourth signal
transduction domain. In some embodiments, the CIP disclosed herein further comprises a
fourth signal transduction domain derived from any one of a CD3 signaling domain, a CD2
signaling doroain or an interleukin 2 receptor binding (I-2RB) protein signaling domain or a
combination thereof, wherein the third and the fourth signal transduction domain are not
tdentical. In some embodiments, the fourth signal transduction domain of the CIP disclosed
herein, is derived form a CD3( or a CD3e domain or a combination thereof. In some
embodiments, the fourth signal transduction domain of the CIP disclosed herein is a CD3
domain comprising an armino acid sequence according to any one of SEQ 1D NOs: 18, 45, 46,
47 and 48

In some embodiments, the fourth signal transduction domain of the CIP disclosed
herein is a CD3{ domain comprising an amino acid sequence having according to SEQ ID
NG 18 In some embodiments, the fourth signal transduction domain of the CIP disclosed
herein 1s a CD3{ domain comprising an amino acid sequence having at least 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99% identity to according to SEQ ID NO:
18. In some embodiments, the fourth signal transduction domain of the CIP disclosed herein
is a CD3( domain comprising an amino acid sequence having according to SEQ ID NG: 45
In some embodiments, the fourth signal transduction domain of the CIP disclosed hereinis a
CD3 domain comprising an aming acid sequence having at feast 50%, 55%, 60%, 65%,
T0%, 75%, 80%, 85%, 90%, 95%, 97% or 99% identity to according to SEQ [ NO: 45, In
some embodiments, the fourth signal transduction domain of the CIP disclosed hereinis a
truncated CD3L domain comprising an amino acid sequence having according to SEQ ID

NO: 46. In some embodiments, the third signal transduction domain of the CIP disclosed
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herein, the fourth signal travsduction domain of the CIP disclosed herein is a truncated CD3(
domain comprising an amino acid sequence having at least 50%, 55%, 60%, 05%, 70%, 75%,
80%, 85%, 90%, 95%, 97% or 99% identity to according to SEQ ID NG: 46. In some
embodiments, the fourth signal travsduction domain of the CIP disclosed herein 1s a CD3g
domain comprising an amino acid sequence according to SEQ ID NO: 47, In some
embodiments, the fourth signal transduction domain of the CIP disclosed herein is a CD3g
domain comprising an amino acid sequence having at least 50%, 55%, 60%, 65%, 70%, 75%
B0%, 85%, 90%, 95%, 97% or 99% identity to SEQ 1D NG: 47, In some emboduments, the
fourth signal transduction domain of the CIP disclosed herein is a combination of a CD¥3¢ and
a truncated CD3( domains (CD3 s domain). In some embodiments, the fourth signal
transduction domain of the CIP disclosed herein is a CD3(s domain comprising an amino
acid sequence according to SEQ ID NOs: 48, In some embodiments, the fourth signal
transduction domain of the CIP disclosed herein is a CD3Ce domain comprising an amino
acid sequence having at least 50%, 55%, 60%, 65%, 70%

or 99% identity to SEQ ID NG 48

, 75%, B0%, 85%, 90%, 95%, 97%

Tn some embodiments, the fourth signal transduction domain of the CIP disclosed
herein 1s a CD2 signaling domain. In some embodiments, the fourth signal transduction
domain of the CIP disclosed herein is a routant CD2 signaling domain. In some embodiments,
the mutant CD2 signaling domain is a truncated CD2 signaling domain. In some
embodiments, the fourth signal transduction domain of the CIP disclosed herein 15 a CD2
signaling domain comprising an amino acid sequence according to SEQ 1D NO: 49. In some
embodiments, the fourth signal transduction domain of the CIP disclosed herein is a CD2
signaling domain comprising an amino acid sequence having at least 50%, 55%, 60%, 65%,
T0%, 75%, BO%, §5%, 30%, 95%, 97% or 995 identity to SEQ ID NQ: 49,

In some embodiments, the fourth signal transduction domatn of the CIP disclosed
herein, is an IL-2RB protein signaling domain comprising an amino acid sequence according
to SEQ ID NG: 50. In some embodiments, the fourth signal transduction domain of the CIP
disclosed herein is an IL-2RB protein signaling domain comprising an amino acid sequence
having at least 50%, 55%, 60%, 65%, 70%, 75%, B0%, 85%, 90%, 93%, 97% or 99%
tdentity to SEGQ ID NO: 50.

In some embodiments, the CIP disclosed herein is for expression in a T cell, wherein
the T cell co-expresses at least one of the endogenous co-stimulatory molecules D28, CD2Z,

OX-40, ICOS, CD28, CD3, CD4, CDR and CD40L or a combination thereof.
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In some embodiments, the CIP disclosed herein, is co-expressed with a T cell receptor
{TCR)ina T cell. In some embodiments, the TCR is an endogenous TCR. In some
embodiments, the TCR is an artificial TCR. In some embodiments, the artificial TCR is an
affinity enhanced TCR. In some embodiments, the CIP when co-expressed witha TCR ina T
cell provides a second activation signal for inducing activation and proliferation of the T cell,
wherein the first activation signal is provided by antigen binding by the TCR.

In some embodiments, the CIP disclosed herein, is expressed ina T cell as a
component of an artificial receptor for a target. In some embodiments, the artificial receptor
is a chimeric antigen receptor (CAR), a receptor for a ligand or a component thereof, an
antibody or a fragment thereof. In some embodiments, the CIP disclosed herein, is expressed
as a component of a CAR. In some embodiments, the CIP disclosed herein, 1s expressed as a
component of an antihody or a fragment thereof. In some embodiments, the antibody or a
fragment thereof is a Fab fragment, a F(ab)2 fragment, a diabody, a nanobody, a sdAb, a Fv,
a VHH fragment, or a sivgle chain Fv fragment. In some embodiments, the CIP expressed as
a compeonent of an artificial receptor in a T cell, as disciosed herein induces activation and
proliferation of the T cell upon target binding by the artificial receptor.

The term “about” or “approximately” can be understood as within 10%, 9%, 8%, 7%,

%%, 3%, 4%, 3%, 2%, 1%, $.5%, 0.1%, 0.05%, or 0.01% of the stated value. In some
embodiments, “about” or “approximately” can be understood as within 5%, 4%, 3%, 2%, 1%,
0.5%, 0.1%, 0.05%, or 0.01% of the stated value. In some embodiments, “about” or
“approximately” can be understood as within 2%, 1%, 0.5%, 0.1%, 0.05%, or 0.01% of the
stated value. In some embodiments, “about” or “approximately” can be understood as within
196, 0.5%, 0.1%, 0.05%, or 0.01% of the stated value.

The following examples are provided to better illustrate the present disclosure and are
not to be interpreted as limiting the scope of the disclosure. To the extent that specific
materials are mentioned, it is merely for purposes of illustration and is not intended to Hmit
the disclosure. One skilled in the art may develop equivalent means or reactants without the
exercise of inventive capacity and without departing from the scope of the disclosure.
Examples
Materials and Methods
Media and Cell Lines

DMEM was supplemented with Penn/Strep/Glutamine, 20mM HEPES, 10pg/mL
Gentamycin and 10% FBS to make complete DMEM. RPMI was supplemented with
Penn/Strep/Glutamine, 20mM HEPES, 10ug/mL Gentamycin, 10% FBS, and 50uM 2-ME 10
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make complete RPMI T cell growth media was made by supplementing complete RPMI with
SO0 ng/miIL2, 10 ng/ml IL7, and 10ng/mb 1L 1S (Peprotech). X-Vivol$ was supplomented
with 1% Human Serum, 20mM HEPES, Penn/Strep/Glutamine, and 10pg/mL Gentamycin to
make Cytokine Media. Human PBMCs were purchased from iSpecimen and cultured in
complete RPMIL 293FT were purchased from Invitrogen. K562 and A375 cells were
purchased from ATCC and cultured in complete DMEM
Plasmids and Cloning

A lentiviral plasmid containing the PGK promoter driving a truncated human EGFR
receptor (huEGFRY) followed by the MSCV promoter driving GFP and a subsequent WPRE
sequence was ordered from vector builder. Co-stimulatory molecules followed by a PZA
sequence were ordered as a single gene block {Invitrogen) and placed in frame with the
huBEGFRE sequence using NEB builder homology-based recombination. CAR and TCR
sequences were constructed from 3 gene block fragments (Invitrogen) and cloned with NEB
builder downstream of the MSCV promoter following GFP excision. PD-L1_P2A and HLA-
A2 were cloned in frame with the huEGFRt and in place of GFP, respectively.
P2A amino acid sequence (SEQ IDNO: 111)
GSGATNFSLLKQAGDVEENPGP
Human EGFRt amino acid sequence (Other name: huEGFRE (AA112)) (SEQ ID NG: 112)
MLLLVTSLLLCELPHPAFLLIPRKVONGIGIGEFKDSLSINATNIKHFKNCTSISGDLHIL
PVAFRGDSFTHTPPLDPOQELDILKTVKEITGFLLIQAWPENRTDLHAFENLEHRGRTK
QHGOFSLAVYSLNITSLGLRSLKEISDGDVISONENLCYANTINWKKLFGTSGOKTKI
ISNRGENSCKATGQVCHALCSPEGCWGPEPRDCVSCRNVSRGRECVDKCONLLEGEPR
EFVENSECIQCHPECLPOQAMNITCTGRGPDNCIQCAHYIDGPHCVKTCPAGVMGENN
TLVWEYADAGHVCHLCHPNCTYGCTGPGLEGCPTNGPKIPSIATGMVGALLLLLVYY
ALGIGLFM
HLA-AZ signal peptide (SEQ ID NO: 113)
MAVMAPRTLVLLLSGALALTOTWA
huGMCSF Signal Peptide, amino acid sequence (SEQ ID NOG: 119}
MLLLYTSLLLCELPHPAFLLIP
P2ZA nucleic acid sequence (SEQ ID NO: 114}
GGATCCGGUGCCACCAATTTCAGCCTGCTGAAACAGGCTGGCGACGTGGAAGAG
AACCCTGGACCT
Human EGFRt nucleic acid sequence (SEG ID NQ: 115)
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ATGCTGCTGCTGGTTACATCTCTGCTGCTGTGCGAGCTGCCCCATCCTGCCTTICT
GCTGATCCCCAGAAAAGTGTGCAACGGCATCGGCATCGGAGAGTTCAAGGACAG
CCTGAGCATCAACGCCACCAACATCAAGCACTTCAAGAACTGCACCAGCATCAG
CGOCGACCTGCACATICTGCCTGTGGCCTTITAGAGGCGACAGCTTCACCCACACA
CCTCCACTGGACCCTCAAGAGCTGGACATCCTGAAAACCGTGAAAGAGATCACC
GGATTTCTGTTGATCCAGGCTTGGCCCGAGAACCGGACAGATCTGCACGCCTTCG
AGAACCTGGAAATCATCAGAGGCCGGACCAAGCAGCACGGCCAGTTTTICTCTGG
CTGTGGTGTCCCTGAACATCACCAGCCTGGGCCTGAGAAGCCTGAAAGAAATCA
GCGACGGCGACGTGATCATCTCCGGCAACAAGAACCTGTGCTACGCCAACACCA
TCAACTGGAAGAAGCTGTTCGGCACCAGCGOGCCAGAAAACAAAGATCATCAGCA
ACCGGGGCGAGAACAGCTGCAAGGCTACAGGCCAAGTGTGCCACGCTCTGTGTA
GCCCTOGAAGGCTGTTGGGGACCCGAGCCTAGAGATTGCGTGTCCTGTCGGAATGT
GTCCCGGGGCAGAGAATGCGTGGACAAGTGCAATCTGCTGGAAGGCGAGCCCCG
COAGTTCOTGGAAAACAGCGAGTGCATCCAGTGTCACCCCGAGTOTCTGCCCCA
GGCCATGAACATTACCTGTACCGGCAGAGGCCCCGACAACTGTATTCAGTGCGCC
CACTACATCGACGUGCCCTCACTGCGTGAAAACATGTCCTGCTGOCOGTGATGGGAG
AGAACAACACCCTCGTGTGGAAGTATGCCGACGCOGGACATGTGTGCCACCTGT
GTCACCCTAATTGCACCTACGGCTGTACAGGCCCTGGCCTGGAAGGETGTCCAAC
AAACGGACCTAAGATCCCCTCTATCGCCACCGGCATGGTTGGAGCCCTGOTGCTT
CTGCTGOTGGTGGCCCTTGGAATCGGCCTGTTCATGTGA

HLA-AZ signal peptide nucleic acid sequence (SEQ ID N 116)
ATGGCTGTGATGGCCCCTAGAACACTGGTGCTGCTGCTGTCTGGTGCCCTGGCTIC
TGACTCAGACATGGGCC

CD8a signal peptide nucleic acid sequence (SEQ 1D NG: 148)
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGCTCTGCTTICTGCATGCCGE
TAGACCT

CD8a Hinge (SEQ ID NG: 149)
ACCACCACCCCCOGCCCCCAGACCCCCCACCCCCGCCCCCACCATCGCCAGCCAGC
CCCTGAGCCTGAGACCCGAGGCCTGCAGACCUGCCGCCGGUGGUGLCGTGCACA
CCAGAGGCCTGCACTTCGCCTGE

huGMCSF Signal Peptide, nucleic acid sequence (SEQ 1D NO: 150)
ATGCTGCTGCTGGTTACATCTCTGCTGCTGTGCCGAGCTGCCCCATCCTGCCTTTCT
GCTGATCCCC

Lentiviral Production and Preparation of Retronectin Plates
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VSV pseudotyped lentiviras was produced in 6 well plates. In brief, 293FT were
seeded the night before or the day of at 0.9x10% or 1.4x10° cells/well, respectively. Once the
cells had adhered and reached at least 80% confluency a mix of lentiviral plasmid, packaging
vector (psPAX2) and VSV-G envelope expressing plasmid (PMD2Z.G) were transfected using
Hpofectamine 3000 (Invitrogen), according to the manufacturer’s protocol. After 18hrs, the
media was replaced with 3mLs of fresh DMEM. Viral supernatants were harvested 48hrs
following changing the media and spun down at 1300RPM to remove 293FT cell/debris.
Retroneciin was coated on 24 well non-tissue culture treated plates at 20pg/well in PBS-/- for
2hrs at 37°C or overnight at 4°C. Retronectin was removed and washed once with PBS prior
to addition of lentiviral SN (2mLsg). The plate was then spun at 1500G for 90 minutes at 32°C
to concentrate viral particles onto the retronectin. Lentiviral SN was removed immediately
prior to transduction of primary T cells or tumor cells. Alternatively, T cells were transduced
with polybrene at Sug/mL with a spinfection of 800G for 2hrs at 32°C.

T Cell Culture, Transduction, and Isolation

Human PBMCs were activated in T cell growth media with CD3/28 microbeads
(Invitrogen) in complete RPMI (100ul beads/ 50x10° PBMCs). 48hrs after activation,
activated PBMCs were transferred to Lentiviral-coated Retronectin plates for 48hrs before
being transferred to 6 well plates containing fresh T cell growth media. After an additional
24hrs in culture cell transduction was determined by flow cytometry and transduced cells
were enriched based on huEGFR! expression. To isolate cells based on EGFR expression, T
cells cultures were collected and activation beads removed. Cells were then stained in 1:100
anti-EGFR-APC antibody in MACS buffer at 4°C for 30minutes. Cells were then washed and
incubated with anti-APC ricrobeads (Miltenyi) for 15-30minutes at 4°C. Unbound
microbeads were then removed by centrifugation and huEGFRt cells were isolated by
positive selection on mini-macs columns. Cells were eluted from the mini-MACS columns
and put back into culture in T cell growth media and used within 2 weeks for experiments. To
create stable cell lines, cells were collected and transduced as with primary T cells. EGFR
selection was performed twice, two weeks apart.

T cell Stimuiation

In the case where T cells were stimulated with plate bound antibodies, maxisorp Flai-
bottom plates (Tnvitrogen) were coated with the indicated amount of anti-human CD3
antibody (HIT3a-Biolegend) in PBS-/- for Zhrs at 37°C. Plates were washed twice in basal
RPMI before use. For K562 stimulation K562 cells were collected and resuspended in

Cytokine media and aliquoted to U-bottom plates. Similarly, A375 cells were plated 1 day
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prior to the addition of T cells in DMEM in 96 well flat-bottom plates. The media was
exchanged prior to the addition of cognate T cells. Following EGFR+ selection, T cells were
collected, counted, and resuspended at the appropriate conceniration in Cytokine media and
distributed to antibody or APC-bearing wells. For K562 experiments anti-CD3
(HIT3a/Biolegend) was added at the indicated dose following 1-2hrs of KS62/T cell
interaction at 37°C. In the case where T cell proliferation was to be tracked, T cells were
fabelled with Vielet Tracking Dye (CTV) according to Biolegend’s protocol prior to the
addition to stimulatory plates. Supernatant was collected at 18-36hr post stimulation to assess
cyiokine secretion and proliferation/ T cell killing was assessed following 96hrs of
stimulation.
Cytokine Multiplex Assay

Foltowing collection of T cell supernatants cytokines were measured with the
Legendplex Multi-Analyte Flow Assay Kit foe iuman Th or Thi cytckines {(Bioiegend).
Manufactures protocol was followed with the following exceptions: 75ull T cell SN was used
to measure cytokinegs and 2ul. of each reagent was used/well. Secreted cytokines were
measured by flow cytometry and the values were normalized to the maximal response of the
control group in order fo combine and analyze multiple experiments and normalize for
variability between experiments and donors.
Conjugaiion Assays

To assess comjugation of T cells to target cells, T cells were labelled with CFSE
{Biolegend) and K562 HLA-A2 or K562 HLA-A2 PD-L1 cells were labelled with CTV
according to manufacturer’s protocols. T cells and APCs were mixed in a 1:2 ratio and briefly
centrifuged in a 1.5mL eppendorf tube to encourage conjugation. Cell pellets were incubated
at 37°C for 30minutes and then cell pellets were gently resuspended by repeat pipetting (20x)
with a p200 and a cut-off pipette tip and assessed immediately by flow cytometry.
Flow Cytometry

Cells were collected and washed in MACS Buffer (PBS-/-, 1%FBS, ImM EDTA)
before being stained in MACS buffer containing relevant antibodies. Anti-EGFR-APC, anti-
mouse TCRbeta-FITC, anti-human PDI-PE, anti-CD3 APC-Cy7, anti-CD8 PE-Cy7 were ali
purchased from biclegend. Following addition of antibodies, cells were stained for 30-60
minutes at 4°C. For the detection of CD-19 CAR expression cells were incubated with CD-
19F¢ recombinant protein in MACS buffer at Tpg/mL for 30minutes at RT. Cells were then

washed and incubated with anti-human FC antibody at 1:100 dilution. Cells were then
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washed 3X in MACS buffer and analyzed on an Acea NovoCyte flow cytometer. Cells were
collected at constant volume, allowing for accurate cell counts to be obtained.
domains

The disclosure heretn provides the design of the co-stimulatory molecules comprising
intracellular signaling domains comprising or derived from CD137/4-18BB or CR134/0X-40
receptors as depicted in FIG. 1. Examination of the sequence of the CD137 family of
cytoplasmic tails (FIG. 1} showed a common membrane~proximal polybasic domain as weli
as several lysine residues that could serve as ubiquitination sites, as well as the TRAF binding
domain that serves to activate the NF-kB signaling pathway following receptor ligation,
Without betng bound by the theories, the conserved lysine residues may function as
ubiguitination sites that could control the ubiguitination and degradation CD134/CD137 and
that the disrupted location of the CD137 or CD134 cytoplasmic tail in the potential
CD28/ICOS-COI37 CAR or CD28/ICOS-CD 134 CAR receptors, respectively, could be
atfecting the localization or half-life of the resulting molecule, through either the poly-basic
domain or the conserved lysine residues. New fusion domains of ICOS/CD28 intracellular
domain and the cytoplasmic domains of CD37 or OX-40 lacking the polybasic sequence and
the conserved lysine residues, as well as their wild-type (WT) counterparts were generated
{FiGs. 2A and 2B}. A portion of the cytoplasmic domain of CD28 respounsible for the binding
of Lek and Vav3 to possible enhance stimulation was also included. The extracellular domain
of PD-1 was used, creating either dominant-negative (DN} version by omitting the
intraceliular tail or an inhibitory-switch receptor that would change a negative regulatory
signal 1nto a positive one, thus providing a cell~intrinsic PI3-1 blockade. The cytoplasmic tail,
i.e., intracellular co-stimulatory domain, described herein can be expanded through the use of
cytoplasmic tails of other signaling proteins of interest to create new CAR receptors or
different inhibitory-switch receptors, or express other immune-modulatory extracellular
domains, as detatled in FIG. 3.
| of the in-vitro functionality of checkpoint co-stinmlatory

Example 2: Generation and testin

molecules

The disclosure herein provides the design of the co-stimulatory molecules and
validation of their effect on function of a high affinity TCR. The co-stimulatory molecules
described herein were designed as depicted in FIGs. 2A and 2B. In all recombinant receptors,
the PD1 signal peptide (SP) was exchanged for the signal peptide from HLA-AZ2, which

increases the surface expression of the receptor. As conirols, the PD1-WT and a truncated
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PD-1 lacking the ITIM-containing intracellular tail {TLs) were included. Two second-
generation receptors, containing the transmembrane and intracellular domains of CD28 or
ICOS were included as 2™-generation control receptors. Additionally, fifieen 3%-generation
receptors containing the transmembrane and intracellular domains derived from ICOS and/or
CI328 linked to an intracellular signaling domain of a TNF-Receptor super family member
were generated. The first contained the intracellular domain of wild type CD137/4-1BB
(HLA AZ2-SP PD1 ICOS BB: SEQ ID NO: 26), while the second and third contained either
the CD137/4-1BB domain or the CD134/0X-40 intraceltular domain with key mutations
incorporated to increase surface expression (HLA A2-SP PD1 ICOS BBt SEQ ID NO: 27
and HLA A2-SP PD1_ICOS_OX40t SEQ ID NO: 28, respectively). Further 3™ generation
receptors described herein contain a chimeric intracellular domain comprising a portion of
CD28 intraceliular domain inserted within an ICOS intracellular domain that is further linked
to either the mutated CD137 (ICOS4BBY) or mutated CD134/0X40 (ICO8-0X40t) domains
(HLA A2-SP_PD1 ICOS(28) BBt SEQ IDNO: 29 and HLA A2-
SP PD1_ICOS(28) OX40t SEQ ID NO: 30). Two more 3™ generation receptors were
created as described herein containing a CD28 intracellular domain linked to either mutated
CD137 (28 BBt) or mutated CD134/0X40 (28 0X40t) domains (HLA A2-
SP PD1 28 BBt SEQ ID NO: 131 and HLA A2-SP PD 28 OX40t SEQ ID NO: 132)
{FIG. 2A). These vectors were cloned into a lentiviral vector and fused by a self-cleaving
peptide to a truncated huEGFR receptor (hoEGFRH) for tracking transduced cells and
magnetic selection. When these receptors were expressed by lentiviral transduction into
primary T cells, each receptor expresses significantly over endogenous PD-1 levels (FIG.
4A). While the 2™ generation co-stimulatory molecules were well expressed, the inclusion of
the CD137 (4-1BB) intracellular domain resulted in a considerable decrease in surface
expression of the recombinant receptor. The disclosure herein shows that inclusion of the
mutated intracellular domains, which maintain the TRAF-binding domains, rescues the
surface expression of these optimized 3* generation receptors. The surface expression of
huBGEFRt and co-stimulatory molecules demonstrates the increased expression of the
truncated CD137 (4-1BB) design (ICOS BBt compared to the non-truncated version
(COS_BBwt}. Similar mutations in the cytoplasmic domain of CD134 (0X-40) also resulted
in high surface expression of the co-stimulatory molecules (FIG. 4B).

Following transduction, T celis were isolated based on the expression of huEGFRY, to
>90% purity, and used in restimulation experiments. The results disclosed herein demonstrate

that, in~vifro, engagement of co-stimulatory molecule enhanced T cell eytokine production
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and proliferation, especially at tower doses of anti-CD3 antibody (FIGs. 5A-5D). Tomake a
more physiological system, cither HLA-AZ alone or HLA-AZ alongside PD-L1 were
overexpressed on K562 cells and incubated with the co-stimulatory receptor-transduced T
cells and the indicated dose of anti-CD3. Incubation with K562: PD-L1 cells reduced the
amount of secreted cytokine, espectally with T cells overexpressing PD1 WT (Fig. 6A).
While expression of either P} Tls or PD1_ICCS BBwt did little to atfect the secretion of
IL-2, TNF, or IFNy, the expression of PD1 28 or PD1_ICOS increased effector eytokine
secretion 3-4 fold over GFP control in the presence of PD-LT expressing K562 cells. Notably,
both PD1_ICOS BBt and PD1 ICOS X401t co-stimulatory molecules further improved on
this effect, increasing effector cytokine secretion 2 to 3-fold over PR ICOS expressing cells
in the presence of PD-L1 (FIG. 6C). The expression of PD1_28 PD1 28 BBtand
PD1 28 OX40t resulted in comparable effector cytokine secretion (FIG. 6B). None of the
constructs were constitutively active and had minimal effect on cytokine secretion in the
absence of PD-L1 or anti-CD3, indicating the necessity of both PD-1 and antigen to initiate a
T cell response. Fitting with the cytokine data, T cells expressing a) PD1 23, PI31 28 BBt
and PD1 28 OX40t{FIG. 7A, lower panels, and FIG. 7C), and b) PD1_ICOS BBt and
PDUICOS OX40t(FIG. 7B, lower panels, and FIG. 7C), proliferated best in response to
K562 celis expressing PIXL1T and were best able to kill PIxL1 expressing K562 cells (FiGs.
TA-TH, upper panels). Fitting with the cytokine data, T cells expressing P11 ICOS BBtand
PD1ICOS (X401 proliferated best in response to K562 cells expressing PD-L1 and were
best able to kill PD-L1 expressing K562 cells (FIG. 7C-7E}. Again, this response required
both anti-CH3 and PD-1L.1 expression. The co-stimulatory molecules demonstrated co-
stimulatory ability as their expression increased T cell proliferation when cells were
stimulated on 96-well plates coated with anti-CD3 and anti-PP1 (Fig. &).

The effect of the receptors with mutation of the polybasic and lysine residues is less
than the P ICOS BBt co-stimulatory molecule, 1u terms of both surface expression of the
co-stimulatory molecule (FIGs. 9A-9B), effector cytokine production in response to
stimulation with anti-CD3 antibody (FIG. 9C), and T cell proliferation in response to
stimulation with target cells expressing PD-L1 (FIG. 9D). The PD1 _ICOS _0OX40t receptor
{with truncated OX40 intracellular domain} had an effect comparable to that of the wild type
PD1 ICOS OX40wt receptor (comprising wild type OX40 intracellular domain), in terms of

both surface expression of the co-stimulatory molecule (F1Gs. 10A-10B), effector cyvtokine
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production in response to stimulation with anti-CD3 antibody (FIG. 16C), and T cel
profiferation in response to stimulation with target cells expressing PD-L1 (FIG. 10D).

Further, the ICOS-based co-stimulatory molecules encouraged T cell: PD-L 1
expressing (PD-L1+) target cell interaction in a flow-based conjugation assay, suggesting that
these receptors encourage prolonged T cell — APC interactions while scanning for cognate
antigen, a useful property when scanning for low-abundance antigen in the TME (FlGs. 11A-
11B).

The disclosure herein shows that the co-stimulatory molecules based on the modified
3".generation intracellular signaling domain disclosed herein are superior to currently
existing PD1_ 28 co-stimulatory molecules in enhancing T cell effector funciion when
responding to a PD-L 1+ target cell. This includes increased T cell proliferation, cytokine
secretion, and target cell killing. The 3™-generation intracellular signaling domain disclosed

herein can be successfully combined with TCR-T therapy targeting TAAs.

Example 3: In-vitro preclinical studies

Described herein are T cells expressing specific HLA-A2/NY-ESO specific TCRs and
co-stimulatory molecules comprising ICOS and mutated CI3137 signaling domains, that
increase expression of the co-stimulatory molecule on T cell surface (FIG. 12A), effector
cytokine production (FIG. 12B), and killing of target cells expressing NY-ESO (FIG. 120),
as compared to T cells expressing the specific HLA-A2/NY-ESO specific TCRs alone.

Described herein are CD-19 CAR constructs comprising the modified 3%-generation
intraceliular signaling domains disclosed herein. The CD-19 (FMC63scFV) CARs with 39
generation intracellular signaling constructs described herein include constructs comprising
the intraceliular chimeric domains: CD28-CD137-CD3C 28 BBwt 23, CD28-
CD137mutant-CD3C (28 BBt 2y, CD28-CD134mutant -CD3E (28 OX401 23, ICOS-
CD137-CR3C (ICOS BB 73, ICOS-CD137mutant-CD3L ( ICGS BBt 2), and ICOK-
CD34mutant -CD3E (ICOS_0OX40t 7). Also, provided are CD-19 CARs with a 3%-
generation intracellular signaling construct with a portion of CD28 inserted within the ICOS
domain: ICOS(28)-CDI37-CD3L (ICOS{ZR) BBwt z), ICOS(ZR)-CD137mutant-CH3L (
ICOS(28) BBt z), and ICOS(28) -CD134mutant -CD3L (ICOS(28) OX40t z). Second-
generation constructs comprising CD137- CD3L (BBwt 2}, CD28- CD3E (28 7y and ICOS-
CD3C (]COS_z) are used as controls. Similar to the study described herein using the PD-1
3% generation intracellular signaling constructs, the CD19 CAR constructs with the CD137

and CP2134 mutants donainsg showed higher expression as compared to the corresponding
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constructs with wild type CD137 and CD134 dowains (28 BBwt z and ICOS BBwt z,
respectively) (F1Gs. 13A-13B). In-Vitro studies described herein show increased killing of
CD19 expressing cells (CD19+) (F1Gs. 14A-~148 and FiGs, 15C-15D), increased effector
cytokine production (FIG. 14C, right panels) and increased T cell profiferation and
persistence (FIGs. 15A-15B and 1SE), by primary T cells transduced with the 3™ generation
CD28 based and ICOS based CD19 CARs.

The disclosure also shows that expression of CDZ8 based receptors comprising a
mutated CD134/C1137 signaling domains and [COS based receptors comprising a mutated
CD134/CD137 signaling domains, increased binding of BCMA specific T cells (BCMA CAR
T cells, ) to the target antigen (BCMA-Fc¢) (FIGs. 16A-16B). Also, the disclosure shows that
expression of the CD28 based receptors comprising a mutated CD134/CD137 signaling
domains and JCOS based receptors comprising a mutated CD134/CD137 signaling domains,
increased proliferation and effector cytokine production (F1Gs. 16C and 168), and target cell
killing (FIG. 16D) by the BCMA specific T cells in response to myeloma cell line expressing
BCMA.
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CLAMS
What is claimed is:
L. A recombinant T cell co-stimulatory receptor (RTCR), comprising:

{a) an extracellular domain;

(b} a transmembrane domain; and

{(c) a chimeric intracellular domain comprising a first and at least a second
signal transduction domains,

wherein the first and the at least second signal transduction domains are non-
identical; and

wherein the at [east second signal transduction domain comprises a routant
CP137 (4-1BB) intracellular domain or a mutant CD134 (0X-40) intracellular

domain .

~

2. The RTCR of claim 1, wherein the mutant CI2137 intracellular domain is a truncated

CD137 intracellular domain.

3. The RTCR of claim 2, wherein the truncated CD137 intracellular domain comprises
an amino acid sequence according to amino acid position 13 to amino acid position 42 of the

CP137 intracellular domain.

4. The RTCR of claim 2, wherein the truncated CD137 intracelluiar domain comprises a
deletion of a continuous stretch of one, two, three, four, five, six, seven, eight, nine, ten or

more amino acids from the N-terminus of the CD137 intracellular domain.

5. The RTCR of claim 2, wherein the truncated CD137 intracellular domain comprises a
deletion of one, two, three, four, five, six, seven, eight, nine, ten or more amino acids from
amino acid position 1 to aming acid position 12 of the N-terminus of the CD137 intracellular

domain.

6. The RTCR of claim 2, wherein the truncated CD 137 intracellular domain comprises

an amino acid sequence according to SEQ D NQG: 3.
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7. The RTCR of claim 1, wherein the mutant CD137 intracellular domain comprises a
deletion of one, two, three or four lysine residue(s) from amino acid position 1 to amino acid

position 12 of the N-terminus of the CD 137 intracellular domain.

8. The RTCR of claim 1, wherein the mutant CD 137 intracellular domain comprises one
or more lysine mutation(s) from amine acid position 1 to amino acid position 12 of the N-

terminus of the CD137 intracelivlar domain.

9. The RTCR of claim 8, wherein the mutant CD 137 intracellular domain comprises ane
or more lysine mutation{s} at amino acid positions selected from amino acid positions 1, 5, 6

and 12 of the N-terminus of the CD 137 intracellular domain.

10, The RTCR of claim 1, wherein the mutant CD137 intracellular domain comprises a
deletion of one or more proximal basic amino acids frow amivo acid position 1 to amtno acid

position 12 of the N-terminus of the CD137 intracellular domain.

it The RTCR of claim 1, wherein the mutant CD137 intracellular domain comprises one
or more proximal basic amino acid mutation{(s) from amino acid position 1 to amino acid

position 12 of the N-terminus of the CD137 intracellular domain.

12, The RTCR of claim 11, wherein the mutant CD137 iniracellular domain comprises
one or more proximal basic amino acid mutation(s) at amino acid positions selected from

-

amino acid positions 1, 2, 3, 4, 5 and 6 of the N-terminus of the CI3137 intracellular domain,

13. The RTCR of claim 12, wherein the mutant CD137 intracellular domain further
comprises a lysine mutation at amino acid position 12 of the N-terminus of the CD137

intraceliufar domais.

14. The RTCR of claim 1, wherein the mutant CD134 intracellular domain is a truncated

D134 intracellular domain.

15, The RTCR of claim 14, wherein the truncated CD134 intracellular domain comprises
an amino acid sequence according to amino acid position 15 to amine acid position 37 of the

CD134 intracellular domain.
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16, The RTCR of claim 14, wherein the truncated CD134 intracellular domain comprise a
deletion of a continuous stretch of one, two, three, four, five, six, seven, eight, nine, ten,
eleven, twelve, thirteen or more amino acids from the N-terminus of the CD 134 intracellular

domain.

17. The RTCR of claim 14, wherein the truncated CD 134 intracellular domain comprises
a deletion of one, two, three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen or
more amino acids from amino acid position 1 to amino acid position 14 of the N-terminus of

the CD134 intracellular domain.

18. The RTCR of claim 14, wherein the truncated CD 134 intracellular domain comprises

an amino acid sequence according to SEQ ID NG: 6.

19, The RTCR of claim 1, wherein the mutant CI2134 intracellular domain comprises a
deletion of a lysine residue from amino acid position 1 to amino acid position 14 of the N-

terminus of the CI3134 intracelinlar domain,

2¢.  The RTCR of claim 1, wherein the mutant U134 intracellular domain comprises a
lysine mutation at araino acid position 12 of the N-terminus of the CD134 intraceliular

domain.

21 The RTCR of claim 1, wherein the mutant CI3134 intracellular domain comprises a
deletion of one or more proximal basic amino acids from aming acid position 1 to amino acid
position 14 of the N-terminus of the CD134 intracellolar domain,

22, The RTCR of claim 1, wherein the mutant CD134 intracellular domain comprises one
or more proximal basic amino acid mutation(s) from amino acid position 1 to amino acid

position 14 of the N-terminus of the CD134 intracellular domain.

23, The RTCR of claim 22, wherein the mutant CD134 intraceliular domain comprises
one or more proximal basic amine acid mutation(s) at amino acid positions selected from

amino acid positions 1, 2, and 5 of the N-terminus of the CD134 intraceliular domain.
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24, The RTCR of claira 23, wherein the mutant CD137 intraceltular domain further
comprises a lysine mutation at amino acid position 12 of the N-terminus of the CD137

intracelivlar domain.

25, The RTCR of any one of claims 1-24, wherein the chimeric intracellular domain

comprises a first signal transduction domain derived from a protein of the CD28 family.

26, The RTCR of claim 25, wherein the first signal transduction domain is derived from
CD28, CD28H, ICOS or a combination thereof.
27 The RTCR of claim 26, wherein the first signal transduction domain 1s derived from

ICOS.

28, The RTCR of clairn 19, wherein the first signal transduction domain derived from

ICOS comprises an amino acid sequence according to SEQ ID NO: 9.

29, The RTCR of any one of claims 1-24, wherein the chimeric intracellular domain
comprises a first signal transduction domain comprising a portion of 2 CD28 intracellular

domain combined with an ICOS domain according to SEQ ID NQO: .

36, The RTCR of claim 29, wherein the first signal transduction domain comprises an

amino acid sequence according to any one of SEQ ID NOs: 12 and 109

31, The RTCR of any one of claims 1-24, wherein the chimeric intracellular domain

comprises a first signal transduction domain derived from CD28.

32, The RTCR of claim 31, wherein the first signal transduction domain derived from
CD28 comprises an amino acid sequence according to SEQ 1D NO: 10,
33, The RTCR of any one of claims 31-32, wherein the first signal transduction domain

comprises an amino acid sequence according to any one of SEQ ID NOs: 121-122.

34. The RTCR of any one of claims 1-30, wherein the chimeric intracellular domain

comprises an amino acid sequence according to any one of SEQ 1D NOs: 14-17.
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3

3S. The RTCR of any one of claims 1-34, wherein the chimeric intracellular domain

further comprises a third signal iransduction domain.

36, The RTCR of claim 35, wherein the third signal transduction domain is derived from
a CD3 signaling domain, a CD2 signaling domain or an interfeukin 2 receptor binding (IL-

2RB) protein signaling domain or a combination thereof .

37.  The RTCR of claim 36, wherein the CD3 signaling domain is derived form a CD3( or

a CD3¢ domain or a combination thereof,

38, The RTCR of claim 37, wherein the CD3 signaling domain comprises an amino acid

sequence according to any one of SEQ ID NQOs: 18, 45, 46, 47 and 48,

39, The RTCR of claim 36, wherein the CD2 signaling domain is a mutant CD2 signaling

domain.

40, The RTCR of claim 39, wherein the mutant CD2 signaling domain is a truncated CD2

signaling domain.

41. The RTCR of any one of claims 39-40, wherein the CD2 signaling domain comprises

an amino acid sequence according to SEQ ID NO: 49,

42. The RTCR of claim 36, wherein the IL-2RB protein signaling domain comprises an

amino acid sequence according to SEQ ID NO: 50,

43, The RTCR of any one of claims 1-42, wherein the chimeric intraceltular domain

further comprises a fourth signal transduction domain.

44.  The RTCR of claim 43, wherein the fourth signal transduction domain is derived from
a CI3 signaling domain, a CD2 signaling domatn or an interfeukin 2 receptor binding (1L~
2RB) protein signaling domain or a combination thereof, wherein the third and the fourth

signal transduction domain are not identical.
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45, The RTCR of claim 44, wherein the CD3 signaling domain is derived form a CD3( or
a CD3e domain or a combination thereof.
46.  The RTCR of claim 45, wherein the CD3 wignaling domain coruprises an amino acid

sequence according to any one of SEQ ID NQOs: 18, 45, 46, 47 and 48,

47 The RTCR of claim 44, wherein the CD2 signaling domain is a mutant CD2 signaling
domatn,
48, The RTCR of claim 47, wherein the mutant CD2 signaling domain is a truncated CD2

signaling domain.

49 The RTCR of any one of claims 47-48, wherein the CD2 signaling domain comprises

an amino acid sequence according to SEQ ID NO: 49,

50, The RTCR of claim 44, wherein the IL-2RB protein signaling domain comprises an

amino acid sequence according to SEQ 1D NO: 50.

51, The RTCR of any one of claims 1-50, wherein the extracellular domain comprises a

protein or a portion thereof that induces activation and/or proliferation of an immune cell.

52, The RTCR of claims 51, wherein the extracellular domain comprises any one oft
ay a component of a T cell Receptor (TCR) complex;
b} a component of a chimeric antigen receptor (CARY;
cy a component of a T cell co-receptor, wherein the T cell co-receptorisa T
celt co-stimulatory protein or T cell inhibitory protein,
d) a ligand that binds to a cell surface receptor or a component thereof]
¢} a component of a cytokine recepior;
) a component of a chemokine receptor;
g) a component of an integrin receptor;
h} a component of an endothelial cell surface protein receptor or a fragment

thereof;
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1} a component of a neuronal guidance protein receptor; and
1) a component of a complement receptor.
53, The RTCR of claims 52, wherein the component of the T cell co-receptor or the CAR
is & component of PD1, CD28, CD2, OX-40, ICOS, CTLA-4, CD238, D3, CD4, CD§,

CD40L, Lag-3, Tim-3, or TIGIT, or a combination thereof.

54, The RTCR of claims 52, wherein the component of T cell co-receptor or the CAR
binds to CD219, B cell maturation Ag (BCMA), PD-L1, PD-L.2 1.-10, a proliferation-
inducing ligand {APRIL), BAFF, OX-40L, ICOS-L, B7-1, B7-2, CP40, CD38, CD39, nectin,

CISS, or CD112, or a combination thereof.

55. The RTCR of claim 52, wherein the cytokine receptor binds to IL-10, IL-27, TGF-§,
=12, IL-1, 1L-2, TL-4, IL-5, IFN-y, or IFN-¢/B, or a combination thereof.

56. The RTCR of claim 52, wherein the component of the complement receptor is a

component of C3aR, C5ak, CD46/MCP, CDSS, CD97, or DAY, or a combination thereof.

57 The RTCR of claim 52, wherein the extracellular domain comprises an amino acid
sequence of a component of epithelial growth factor receptor (EGFR), vascular-endothelial
crowth factor receptor (VEGFR), chemokine receptor (CCR) 4, CCRS, CCR7, CCRIQ,
netrin-1 receptor, semaphorin receptor, lvmphocyte function-associated antigen-1 (LFA-1),
feukocyte-specific $2 integrin (al.B2, aMpB2, aXB2, or adB2), B7 integrin (wdf7 or wERT},

extracelluiar matrix (ECM)-binding B1 integrin (o 1-a6B1}, L-selectin, or sialyl Lewis™

58, The RTCR of any one of claims 51-54, wherein the extracellular domain is &

polypeptide, a glycoprotein, or an antibody or a fragment thereof.

59.  The RTCR of claim 58, wherein the antibody or fragment thereof is a Fab fragment, a
F{ab)2 fragment, a diabody, a nanobody, a sdAb, Fv, a VHH fragment, or a single chain Fv

fragment.
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60, The RTCR of any one of claims 51-54 and 58-59, wherein the extracellidar domain
binds to a target selected from a tumor antigen, a pathogen associated protein, and an antigen
associated with an autoimmune, an inflammatory, a metabolic, or a neurodegenerative

condition or disorder.

61, The RTCR of claim 60, wherein the tumor antigen is a tumor associated antigen

{TAA), atumor secreted antigen (TSA) or an unconventional antigen (UCA).

62.  The RTCR of any cne of claims 51-61, wherein the extracetiular domain binds to a

target with a binding affinity of T M to 100 pM.

63.  The RTCR of claim 62, wherein the extracellular domain binds to a target with a

binding affinity of 1 uM to 10 M.
64, The RTCR of any one of claims 1-63, wherein the extracellular domain comprises a

sigoal peptide at the N-terminus, wherein the signal peptide is derived from a surface or a

secretory proteii.

65, The RTCR of claim 64, wherein the signal peptide is PD-1 signal peptide (PD-1 SP).

66, The RTCR of claim 64, wherein the signal peptide is a HLA class I histocompatibility

antigen or a portion thereof.

67. The RTCR of any one of claims 1-66, wherein the extraceliular domain comprises a

hinge region.

638. The RTCR of claim 68, wherein the hinge region is derived from CDEg, PD-1, CD28,
1ICOS, or IgG.

69, The RTCR of any one of claims 1-68, wherein the transmembrane domain is derived

from CDR, PDI, CD2E, COS, or IgG.
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70, The RTCR of any one of clairs 1-69, wherein the RTCR is for expressionin a T cell,
wherein the T cell co-expresses at least one of the endogenous co-stimulatory molecules
sefected from CD28, CD2, OX-40, ICOS, CD28, CD3, CD4, CD8, and CD40L, and a

combination thereof.

71, Anucleic acid encoding the RTCR of any one of claims 1-70.

72, Avector comprising the nucleic acid of claim 71.

73, A cell comprising the nucleic acid of claim 71 or the vector of claim 72.

74. The cell of claim 73, wherein the cell is a modified T cell.

75, The cell of claim 73, wherein the cell 18 a modified natural killer T cell (NK-T celi).
76.  The cell of claim 74, wherein the modified T cell is an allogenic T cell.

-3
j»l

The cell of claim 74, wherein the modified T cell is an avtologous T cell.

78. The cell of claim 74, wherein the modified T cell 1s a naive T cell, an early memory T
cell, a stem cell-like T cell, a stem memory T cell {Tsou}, 2 central memory T cell (Tou), ora

regulatory T cell (Treg).

79.  The cell of any one of claims 73-78, wherein the cell further comprises a sequence
encoding an artificial antigen receptor, a therapeutic polypeptide, or an immune cell

modulatory protein, or a combination thereof.

80.  The cell of claim 79, wherein the artificial antigen receptor comprises a chimeric

antigen receptor (CAR).

81 The cell of any one of claims 73-80, wherein the cell expresses the RTCR of any one

of claims 1-70 etther transiently or stably.
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82. The cell of any one of claims 73-81, wherein the cell co-expresses with the RTCR at
feast one or more of the endogenous co-stimulatory molecules selected from CD28, CD2,

OX-40, 1COS, D28, CD3, D4, CDR, and CD40L, and a combination thereof.

83. A modified T lymphocyte (T cell}, comprising:

(a) a modification of an endogenous sequence encoding a T cell Receptor (TCR),
wherein the modification reduces or eliminates a level of expression or activity of the TCR;
and

(b) a recombinant T cell co-stimulatory receptor (RTCR) according to any one of

claims 1-70,

84. The modified T cell of claim 83, further comprising a2 modification of an endogensous
sequence encoding a component of major histocompatibility complex (MHC) class I (MHC-
1), wheretn the modification reduces or eliminates a fevel of expression or activity of the

MHC-L
85, The modified T cell of any one of claims 83-84, wherein the modified T cell co-
expresses with the RTCR at least one of the endogenous co-stimulatory molecules CD28,

CD2, OX-40, 1ICOS, CD28, C3, CD4, CD8 and CD40L, or a combination thereof,

86. A composition comprising the RTCR of any one of claims 1-70.

87. A comgposition comprising the nucleic acid of claim 71,

88, A composition comprising the vector of claim 72.

89, A composition comprising the cell of any one of claims 73-82.

90. A composition comprising the moditied T cell of any one of claims 83-85.

91. A composition comprising a population of cells, wherein the population comprises a

plurality of the cell of any one of claims 73-82 or wherein the population comprises a

plurality of the modified T cell of any one of claims 83-85.
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92. A method of producing a plurality of modified T cells, wherein the method comprises:
a) providing a plurality of pnmary T cells;
b) providing a composition comprising the RTCR of any one of claims 1-70, the
nucleic acid of claim 71, or the vector of claim 72; and
¢} introducing into the plurality of primary T cells of {a} the composition of (b}, to
produce a plurality of modified T cells under conditions that stably express the RTCR within

the plurality of modified T cells.

93.  The method of claim 92, wherein the method further comprises a step of modifying an
endogenous sequence encoding an endogenous T cell Receptor (TCR), wherein the

modification reduces or eliminates a level of expression or activity of the endogenous TCR.

94.  The method of any one of claims 92-93, wherein the method further comprises a step
of modifying an endogenous sequence of the plurality of primary T cells, wheretn the
modification reduces or eliminates a level of expression or activity of a major

histocompatibility complex (MHC) class I {(MHC-1),

O
(5]

The method of any one of claims 92-94, wherein the method further comprises:
d) maintaining or expanding the plurality of modified T cells in a suitable cell culture
media; and
¢) etther:

i) cryopreserving the plurality of modified T cells in a suitable cell freezing
media; or

i) preparing the plurality of modified T cells for administration to a subject in

need thereof.

96. A method of treating a disease or disorder, comprising administering to a subject in
need thereof a therapeutically effective number of the cell of any one of claims 73-82, a
therapeutically effective number of the modified T cell of any one of claims 83-85, a
therapeutically effective amount of the composition of any one of claims 86-91, or a
therapeutically effective number of the plurality of modified T cells produced by the method

of any one of claims 92-95.

97.  The method of claim 96, wherein the subject is a mammal.
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08. The method of claim 97, wherein the mammal 1s a human.
99.  The method of any one of claims 96-98, wherein the disease or disorder is a cancer,

an avtoimmune disease or disorder, an infectious disease, an inflammatory disease, a renal
disease or disorder, a lung disease or disorder, a liver disease or disorder, a cardiovascular
system disease or disorder, a neurodegenerative disease or disorder, or a metabolic disease or

disorder.

100, The method of claim 99, wherein the cancer is a solid tumor or a hematologic cancer.

101, The method of claim 100, wherein the solid cancer is a sarcoma, a carcinoma or a

melanoma.

102, The method of claim 100, wherein the hematological cancer 1s a leukemia, a

fymphoma or a myeloma.

103,  The method of claim 99, wherein the cancer is selected from acute leukemia, acute
Iymphoblastic leukemia (ALL}, acute lymphocytic leukemia, B cell, T cell or FAB ALL,
acute myeloid leukemia (AML), acute myelogenous lenkemia, chronic myelocytic leukemia
{CML), chronic lymphocytic feukemia (CLL), hairy cell leukemia, myelodysplastic
syndrome (MDS), Hodgkin's lymphoma, Hodgkin's disease, non-Hodgkin's lymphorma,
multiple myeloma, colorectal carcinoma, pancreatic carcinoma, nasopharyngeal carcinoma,
malignant histiocytosis, paraneoplastic syndrome/hypercalcemia of malignancy, bladder
cancer, breast cancer, colorectal cancer, endometrial cancer, head cancer, neck cancer,
hereditary nonpolyposis cancer, liver cancer, lung cancer, non-smail cell lung cancer, ovarian
cancer, pancreatic cancer, prostate cancer, renal cell carcinoma, testicular cancer,

adenccarcinomas, sarcomas, malignant melanoma, and hemangioma.

104,  The method of claim 99, wherein the infecticus disease is caused by a bacteria, a

virus, a fungus, a protozoa, or a parasite.

105, The method of claim 99, wherein the neurodegenerative disorder is Alzheimer's

disease (AD) and other dementias, Parkinson's disease (PD3) and PD-related disorders, prion
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disease, Motor neuron diseases (MND), Huntington's disease (HD), Spinocerebellar ataxia

{SCA), or Spinal muscular atrophy {(SMA).

106.  The method of claim 99, wherein the inflammatory disease is systemic hupus

erythematosus, theumatoid arthritis, inflammatory bowel disease, or multiple sclerosis,

107 A chimeric co-stimulatory intracellular protein (CIP) comprising a first and at least a
second signal transduction domains,
wherein the first and the at least second signal transduction domaius are non-
identical; and
wherein the at least second signal transduction domain comprises a mutant
intraceilular signaling domain of a tumor necrosis factor receptor (TNFR) family

protein.

108.  The CIP of claim 107, wherein the mutant intracellular signaling domain of a TNFR
family protein is a mutant CP137 (4-1BB) intracellular domain or a routant CD134 (OX-40}

intracelivlar domain.

109, The CIP of any one of claims 107-108, wherein the CIP fusther comprises a

transmembrane domain.,

116, The CIP of claim 108, wherein the mutant CD137 intracellular domain is a truncated

C137 ntracellular domain.

111, The CIP of claim 110, wherein the truncated CD137 intraceliular domain comprises
an amino acid sequence according to amino acid position 13 to amino acid position 42 of the

CD137 intracellular domain.

112, The CIP of c¢laim 110, wherein the truncated CD137 intracellular domain comprises a
deletion of a continuous stretch of one, two, three, four, five, six, seven, eight, nine, ten or

more amino acids from the N-terminus the CD137 intracellular domain.

113, The CIP of claim 110, wherein the truncated CD137 intracellular domain comprises a

deletion of one, two, three, four, five, six, seven, eight, nine, ten or roore amino acids from
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amino acid position 1 to amino acid position 12 of the N-termious of the CD137 intraceliular

domain.

114,  The CIP of claim 110, wherein the truncated CD137 intracellular domain comprises

an amino acid sequence according to SEQ D NO: 3.

115, The CIP of claim 108, wherein the mutant CD137 intracellular domain comprises a
deletion of one, two, three or four lysine residue(s) from amino acid position 1 {0 amino acid

position 12 of the N-terminus of the CD137 intracellular domain.

116, The CIP of claim 108, wherein the mutant CD137 intraceliular domain comprises one
or more lysine mutation(s) from amino acid position 1 to amino acid position 12 of the N~

terminus of the CD137 intraceliufar domain.

117.  The CIP of claim 116, wherein the mutant CI137 intracellular domain comprises one
or more Iysine muistion(s) at amino acid positions selected from amino acid positions 1, S, 6

and 12 of the N-terminus of the CD137 iniracellular domain.

118, The CIP of claim 108, wherein the mutant CE2137 intracellular domain comprises a
deletion of one or more proximal basic amino acids from amino acid position 1 to amino acid

position 12 of the N-terminus of the U137 intracellular domain,

119, The CIP of claim 108, wherein the mutant C2 137 intracellular domain comprises one
. . . . NN . . . . .
or more proximal basic amino acid mutation(s) from amino acid position 1 to amino acid

position 12 of the N-terminus of the CD137 intracellular domain,

120, The CIP of claim 119, wherein the mutant CD 137 intracellular domain comprises one
or more proximal basic amino acid mutation(s} at amine acid positions selected from amino

acid positions 1, 2, 3, 4, S and ¢ of the N-terminus of the CD137 intraceliular domain.

121, The CIP of claim 120, wherein the mutant CD 137 intracellular domain further
comprises a lysing mutation at amino acid position 12 of the N-terminus of the CID137

intraceliular domain.
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122, The CIP of c¢laim 108, wherein the mutant CD134 intracellular domain is a truncated

D134 intracellular domain.

123, The CIP of claim 122, wherein the truncated CD2134 intracellular domain comprises
an amino acid sequence according to amine acid position 15 to amino acid position 37 of the

CD 134 intracellular domain.

124, The CIP of claim 122, wherein the truncated CD134 intracellular domain comprise a
deletion of a continuous siretch of one, two, three, four, five, six, seven, eight, nine, ten,
eleven, twelve, thirteen or more amino acids from the N-terminus of the CD 134 intracellular

domain.

125, The CIP of claim 122, wherein the truncated CD134 intracellular domain comprises a
deletion of one, two, three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen or
more amino acids from amino acid position 1 to amino acid position 14 of the N-terminus of

the CD134 iniracellular domain,

126.  The CIP of claim 122, wherein the truncated CD134 intracellular domain comprises

an amino acid sequence according to SEQ D NO: 6

127.  The CIP of claim 108, wherein the mutant CD 134 intracellular domain comprises a
deletion of a lysine residue from antino acid position 1 {0 amino acid position 14 of the N-

terminus of the CD134 intracellular domain.

128, The CIP of claim 127, wherein the mutant CD134 intracellular domain comprises a
ysine mutation at amino acid position 12 of the N-terminus of the CD 134 wtracelinlar

domain.

129, The CIP of claim 108, wherein the mutant CD134 intracellular domain comprises a
deletion of one or more proximal basic amino acids from amino acid position 1 to amino acid

position 14 of the N-terminus of the CD134 intracellular domain.
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130.  The CIP of claim 108, wherein the mutant CD 134 intracellular domain comprises one
or more proximal basic amino acid mutation(s) from amino acid position 1 to amino acid

position 14 of the N-terminus of the CD134 intracelluiar domain,

131, The CIP of claim 130, wherein the mutant CI22134 intracellular domain comprises one
or more proximal basic amino acid mutation(s} at amine acid positions selected from aming

acid positions 1, 2, and S of the N-terminus of the CD134 intracellular domain.

132, The CIP of claim 131, wherein the mutant CD134 intracellular domain further
comprises a lysine mutation at amino acid position 12 of the N-terminus of the CI3134

intraceliular domain.

133, The CIP of any one of claims 107-132, wherein the chimeric intracellular domain

comprises a first signal transduction domain derived from a protein of the CD28 family.

134, The CIP of claim 133, wherein the first signal transduction domain is derived from

CD28, CD28H, ICOS or a combination thereof,

135, The CIP of claim 134, wherein the first signal transduction domain is derived from

ICOS.

136, The CIP of claim 135, wherein the first signal transduction domain derived from

1COS coraprises an amino acid sequence according to SEQ IDNO: 9.

137, The CIP of any one of claims 107-134, wherein the chimeric intracellular domain
comprises a first signal transduction domain comprising a portion of a CD28 intracellular

domain combined with an ICOS dowain according to SEQ ID NG: 9.

138 The CIP of claim 137, wherein the first signal transduction domain comprises an

anino acid sequence according to any one of SEQ D NOs: 12 or 109,

139, The CIP of any one of claims 107-134, wherein the first signal transduction domain is

derived from CD28.
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140.  The CIP of claim 139, wherein the first signal transduction domain derived from

CD28 comprises an amino acid sequence according to SEQ ID NO: 10

141, The CIP of any one of claims 139-140, wherein the first signal transduction domain

comprises an amino acid sequence according to any one of SEG ID NOs: 121-122.

142, The CIP of any one of claims 107-138, wherein the CIP comprises an amino acid

sequence according to any one of SEQ 1D NQs: 14-17,

143 The CIP of any one of claims 107-142, wherein the CIP further comprises a third

signal transduction domain.

144, The CIP of claim 143, wherein the third signal transduction domain is derived from a
CD3 signaling domaiu, a CD2 signaling domain or an wterleukin 2 receptor binding (JL-

2RB) protein signaling domain or a combination thereof.

145, The CIP of claim 144, wherein the CD3 signaling domain is derived form a CDB3¢ or

a CD3e domain or a combination thereof.

146.  The CIP of claim 14S, wherein the CD3 signaling domain comprises an amino acid

sequence according to any one of SEQ 1D NOs: 18, 45, 46, 47 and 48,

147 The CIP of claim 144, wherein the CD2 signaling domain is a mutant CD2 signaling

domain.

148 The CIP of claim 147, wherein the mutant CD2 signaling domain is a truncated CD2

signaling domain.

149, The CIP of any one of claims 147-148, wherein the CD2 signaling domain comprises

an amino acid sequence according to SEQ [ NG: 49,

150, The CIP of claim 144, wherein the IL-2RB protein signaling domain comprises an

amine acid sequence according to SEQ ID NO: 50.
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151, The CIP of any one of claims 107-150, wherein the chimenc intracellular domain

further comprises a fourth signal transduction domain,

152, The CIP of claim 135, wherein the fourth signal transduction domain is derived from
a CD3 signaling domain, a CD2 signaling domain or an interfeukin 2 receptor binding (IL-
2RB) protein signaling domain or a combination thereof, wherein the third and the fourth

signal transduction domain are not identical,

153, The CIP of claim 152, wherein the CD3 signaling domain is derived form a CD3( or

a CD3e domain or a combination thereof

154, The CIP of claim 153, wherein the CD3 signaling domain comprises an amino acid

sequence according to any one of SEQ ID NQOs: 18, 45, 46, 47 and 48,

155, The CIP of claim 152, wherein the CD2 signaling domain is a mutant CD2 signaling

domain.

156, The CIP of claim 155, wherein the mutant CD2 signaling domain is a truncated CD2

signaling domain,

157 The CIP of any one of claims 155-156, wherein the CD2 signaling domain comprises

an amino acid sequence according to SEQ ID NO: 49,

158, The CIP of claim 152, wherein the IL-2RB protein signaling domain comprises an

amino acid sequence according to SEQ ID NQ: 50

159, The CIP of any one of claims 107-158, wherein the CIP is for expression in a T cell,
wherein the T cell co-expresses at [east one of the endogenous co-stimulatory molecules
selected from CD28, CDZ, 0X-40, ICOS, CD28, CD3, Ch4, CD8, and CD40L, and a

combination thereof.



