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MODIFIED IMMUNE CELLS EXPRESSING TLR RECEPTORS

CROSS REFERENCE TO RELATED APPLICATION

[0601] This application claims priority benefits of International Application No.
PCT/CN2021/113239, filed on August 18, 2021, International Apphication No.
PCT/CN2021/122129, filed on September 30, 2021, International Application No.
PCT/CN2021/133061, filed on November 25, 2021 and International Application No.
PCT/CN2022/112578, filed on August 15, 2022, the contents of which are incorporated herein by

reference in their entirety.

SUBMISSION OF SEQUENCE LISTING ON ASCIH TEXT FILE

{0002] The content of the following submission on ASCH text file 1s incorporated herein by
reference in its entirety: a computer readable form (CRF) of the Sequence Listing (file name:

P11234-PCT 220817 Sequence listing xml, date recorded: August 17, 2022, size: 117 KB).

FIELD

[0003] The present application relates to modified immune cells that express TLR receptors, and

methods of use thereof for treating a disease or condition such as cancer.

BACKGROUND

[0004] Chimeric antigen receptor {CAR) T cells are cells that have been modified to produce an
engineered T cell receptor in order to elicit an immune response. For example, CAR-T cells may be
designed to more effectively recognize cancer cells for improved cancer therapy. Despite the
success of CAR-T therapies, these methods often suffer from poor in vive T cell expansion and

exhaustion, leading to decreased durability of chinical remissions in patients with hematologic
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malignancies {e.£., acute myeloid leukemia). There remains a need for highly efficient cell-based
cancer immunotherapy.

{0005] NKG2D 1s a transmembrane protein belonging to the NKG2 family of C-type lectin-like
receptors. In humans, it 1s expressed by NK cells, v6 T cells and CD8+ off T cells. NKG2D ligands
are induced-self proteins from MIC and RAET1/ULBP families which are completely absent or
present only at low levels on surface of normal cells, but they are overexpressed by infected,
transformed, senescent and stressed cells (Zingoni, A, et al,, 2018, Front Immunol. 9:476).

{0006] Toll like receptors {TLRs) are pattern recognition receptors that detect invading pathogens
and activate the innate and adaptive immune responses. TLRs serve as potent co-stimulatory
molecules on T cells, and are expressed on the cell surface of activated T cells {e.g., memory CD4+
and CD8+ T celis). Therefore, the activation of TLRs on T cells directly enhances T cell receptor
(TCR) signal-induced T cell activation, function, and survival {(Gelman, AE, er /., 2004, 172(10}).
6065-6073). Given their crucial role in the immune system, TLR activation has been employed to
strengthen immune responses. Conversely, inhibitors of TLR activation can diminish autoimmune
and other undesirable immune responses {Lu, H, 2014, Front. in Immunol. 5:83). Studies have
shown that engineered immune cells, such as T cells, expressing CARSs can be armored with
toll/mterleukan-1 (IL-1) receptor {TIR) domains in order to provide enhanced anti-tumor activity.
See, for example Manavalan, B, et af., 2011, Front. Physiol. 2:41.

{8067] The disclosures of all publications, patents, patent apphications and published patent

applications referred to herein are hereby incorporated herein by reference in their entirety.

BRIEF SUMMARY

{0008] The present application provides modified immune cells that express TLR receptors, and
methods of use thereof for treating a disease or condition, such as cancer.

{000%] One aspect of the present application provides a modified immune cell comprising: a) a
first polypeptide comprising: 1} a first target binding domain, 11} a first TLR transmembrane domain,
and u1) a first TLR signaling domain; and b} a second polypeptide comprising: 1) a second target
binding domain, 11} a second TLR transmembrane domain, and 11} a second TLR signaling domain;

wherein upon binding of the first target binding domain and second target binding domain to their
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corresponding target, the first TLR signaling domain and the second TLR signaling domain
associate with each other to form a TLR signaling moiety capable of inducing TLR signaling.
{0018} In some embodiments according to the modified immune cell, the first target binding
domain and the second target binding domain each binds to a subunit of a multimeric target
molecule. In some embodiments, the subunits of the multimeric target molecule are the same. In
some embodiments, the subunits of the multimeric target molecule are different. In some
embodiments, the first target binding domain and the second binding domain bind to the same target
molecule. In some embodiments, the first target binding domain and the second binding domain
each binds to the same target site on the target molecule. In some embodiments, the first target
binding domain and the second target binding domain are the same.

[0011] Anocther aspect of the present application provides a moditied immune cell according to
the modified immune cells wherein the first target binding domain and the second binding domain
bind to the same target molecule described above, wherein the first target binding domam and the
second target binding domain each binds to a different non-overlapping target sites on a single
target molecule.

[0612] In some embodiments according to any of one the modified momune cells described above,
the first TLR transmembrane domain and the first TLR signaling domain are derived from the same
TLR molecule. In some embodiments, the second TLR transmembrane domamn and the second TLR
signaling domain are derived from the same TLR molecule. In some embodiments, the first TLR
transmembrane domain and the second TLR transmembrane domain are the same. In some
embodiments, the first TLR signaling domain and the second TLR signaling domain are the same.
In some embodimenis, the first TLR transmembrane domain and/or first TLR signaling domain are
derived from TLR4. In some embodiments, the first TLR transmembrane domain and the second
TLR transmembrane domain are different. In some embodiments, the first TLR signaling domain
and the second TLR signaling domain are different. In some embodiments, the first TLR
transmembrane domain and/or first TLR signaling domain are derived from TLR2. In some
embodiments, the second TLR transmembrane domain and/or first TLR signaling domain are
derived from TLR6. In some embodiments, the second TLR transmembrane domain and/or second

TLR signaling domain are derived from TLR1.
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{0013} In some embodiments according to any of one the modified immune cells described above,
the first target binding domain and/or the second target binding domain s an antibody moiety or
antigen-binding fragment thereof. In some embodiments, the first target binding domain and/or
second target binding domain 1s a scFv or sdAb. In some embodiments, the scFv or sdAb that
specifically binds to CD33, CLL1, CD123, CD19, CD20, CD22, BCMA, GPRCSD, and GPC3.
{0014] In some embodiments according to any of one the modified immune cells described above,
the target molecule 1s an immune checkpoint protein. In some embodiments, the target molecule s
selected from the group consisting of PD-1, CD70, CD27, SIRPx, and TIGIT.

{0615] In some embodiments according to any of one the modified immune cells described above,
the target molecule 1s a natural protein expressed on immune cells. In some embodiments, the target
molecule is NKG2D. In some embodiments, the target molecule 1s mutated NKG2D. In some
embodiments, the mutated NKG2D comprises a truncated sequence and/or an amino acid
substitution, mutation, addition, and/or deletion.

{0016] In some embodiments, the target molecule is an extracellular antigen binding domain of
NKGZD. In some embodiments, the target molecule 1s full-length sequence of NKG2D.

{0017} In some embodiments according to any of one the modified immune cells described above,
the modified immune cell 1s selected from the group consisting of a cytotoxic T cell, a helper T cell,
a natural killer (NK) cell, an NK-cell, an iNK-T cell, an NK-T like cell, an affT cell and a yoT cell.
in some embodiments, the modified immune cell 1s an NK cell. In some embodiments, the modified
mmune cell is a cytotoxic T cell. In some embodiments, the modified immune cell comprises an
engineered receptor. In some embodiments, the engineered receptor s a chimeric antigen receptor
{(CAR). In some embodiments, the engineered receptor 15 a modified T-cell receptor (TCR). In some
embodiments, the engineered receptor 1s a T-cell antigen coupler (TAC) receptor.

{0018] An additional aspect of the present application provides a modified immune cell according
to any of one the modified immune cells described above, wherein the engineered receptor
comprises an extraceliular domain specifically recognizing the same target molecule as the first
polypeptide and/or the second polypeptide. In some embodiments, the engineered receptor
comprises an extraceliular domain specifically recognizing a non-overlapping target site on the

same target molecule as the first polypeptide and/or the second polypeptide. In some embodiments,
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the engineered receptor comprises an extracellular domain specifically recognizing any of CD19,
CLL1, BCMA, and GPC3.

{0019} In some embodiments according to any of one the modified immune cells described above,
the modified immune cell comprises a first nucleic acid encoding the first polypeptide and a second
nucleic acid encoding the second polypeptide.

{0026] In some embodiments according to any of one the modified immune cells described above,
the first polypeptide and the second polypeptide are the same, and the modified immune cell
comprises a first nucleic acid encoding the first polypeptide and the second polypeptide.

{0021} In some embodiments according to any of one the modified immune cells described above,
the modified immune cell comprises a third nucleic acid encoding the engineered receptor. In some
embodiments, the first nucleic acid and the second nucleic acid are operably linked to the same
promoter. In some embodiments, the first nucleic acid and the second nucleic acid are operably
linked to separate promoters. In some embodiments, the first nucleic acid and the third nucleic acid
are operably linked to the same promoter. In some embodiments, the first nucleic acid and the third
nucleic acid are operably linked to separate promoters. In some embodiments, the first nucleic acid,
the second nucleic acid, and the third nucleic acid are operably linked to the same promoter.

{8022] In some embodiments according to any of one the modified immune cells described above,
the first target binding domain and second target binding domain specifically recognize a subunit of
CD20. In some embodiments, the first target binding domain and second target binding domain
specifically recognize a subunit of CD33. In some embodiments, the first target binding domain
specifically recognizes the V subunit of CDB33, and the second target binding domain specifically
recognizes the C2 subunit of CD33. In some embodiments, the first target binding domain and
second target binding domain specifically recognize a subunit of BCMA. In some embodiments, the
first target binding domain and second target binding domain specifically recognize a subunit of
GPRCSD.

{0023] In some embodiments according to any of one the modified immune cells described above,
the first polypeptide further comprises a first intracellular domain of a first cytokine receptor. In
some embodiments, the second polypeptide further comprises a second miracellular domain of a
second cytokine receptor. In some embodiments, the first polypeptide further comprises a first

miracellular domain of a first cytokine receptor and the second polypeptide further comprises a
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second mtracellular domain of a second cytokine receptor. In some embodiments, the first
intracellular domain and the second intracellular domain are the same. In some embodiments, the
first intracellular domain and the second intracellular domain are different. In some embodiments,
the first cytokine receptor is selected from the group consisting of a GM-CSF receptor, an IL-18
receptor, an 1L-21 receptor, an {L-15 receptor, and an [L.-23 receptor. In some embodiments, the
second cytokine receptor is selected from the group consisting of a GM-CSF receptor, an [L-18
receptor, an 1L-21 receptor, an fL-135 receptor, and an 11.-23 receptor. In some embodiments, the
first intracellular domain of the first cytokine receptor comprise an immunoreceptor tyrosine-based
activation motif (ITAM). In some embodiments, the second intraceliular domain of the second
cytokine receptor comprise an immunoreceptor tyrosine-based activation motif (ITAM). In some
embodiments, the first intracellular domain of the furst cytokine receptor and the second intracellular
domain of the second cytokine receptor comprise an immunoreceptor tyrosine-based activation
mottf (ITAM). o some embodiments, the C-terminus of the first intracellular domain of the first
cytokine receptor s fused to the N-termunus of the first TLR signaling domain. In some
embodiments, the C-terminus of the second intracelhular domain of the second cytokine receptor 1s
fused to the N-ternunus of the second TLR signaling domain. In some embodiments, the C-terminus
of the first intracellular domam of the first cytokine receptor 15 fused to the N-terminus of the first
TLR signaling domain; and, the C-termunus of the second ntracellular domain of the second
cytokine receptor 1s fused to the N-termunus of the second TLR signaling domam. In some
embodiments, the N-terminus of the first intracellular domain of the first cytokine receptor 1s fused
to the C-terminus of the TER signaling domain. In some embodiments, the N-terminus of the
second intracelular domain of the second cytokine receptor is fused to the C-terminus of the TLR
signaling domain. In some embodiments, the N-terminus of the first intracellular domain of the first
cytokine receptor s fused to the C-terminus of the TLR signaling domain; and, the N-terminus of
the second intracellular domain of the second cytokine receptor is fused to the C-terminus of the
TLR signaling domain.

{6024} One aspect of the present application provides a method of producing a modified immune
cell, comprising: introducing into a precursor immune cell a first nucleic acid encoding the first

polypeptide and optionally a second nucleic acid encoding the second polypeptide.
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{0025] In some embodiments according to any one of the methods of production described above,
the precursor immune cell 15 selected from the group consisting of a cytotoxic T cell, a helper T cell,
an NK cell, an NK-T cell, an i(NK-T cell, an NK-T like cell, an «ffT cell and a y8T cell. In some
embodiments, the precursor immune cell comprises an engineered receptor. In some embodiments,
the method of preducing further comprising mntroducing mnto the precursor immune cell a third
nucleic acid encoding an engineered receptor. In some embodiments, the engineered receptor is a
chimeric antigen receptor ({CAR), a modified T-cell receptor {TCR), or a T-cell antigen coupler
(TAC} receptor.

{0626] In some embodiments according to any one of the methods of production described above,
the first nucleic acid, the second nucleic acid, and/or the third nucleic acid are on the same vecior. In
some embodiments, the vector is a viral vector. In some embodiments, the viral vector 1s selected
from the group consisting of an adenoviral vector, an adenoc-associated virus vector, a retroviral
vector, a lentiviral vector, a herpes simplex viral vector, and derivatives thereof.

{0027} In some embodiments according to any one of the methods of production described above,
the method further comprises isolating or enriching immune cells comprising the first nucleic acid,
the second nucleic acid, and/or the third nucleic acid.

[0028] Also provided is a modified immune cell produced by the method according to any one of
the methods of production described above.

{0029] Further provided 15 a pharmaceutical composition comprising the modified immune cell
according to any one of the modified immune cells described above, and a pharmaceutically
acceptable carrier.

{8030]  Another aspect of the present application provides a method of treating a disease in an
mdividual, comprising administering to the individual an effective amount of the pharmaceutical
composition according to any one of the pharmaceutical compositions described above. In some
embodiumnents, the disease 1s cancer. In some embodiments, the individual 1s human.

{8031] Compositions, uses, kits and articles of manufacture comprising any one of the modified

immune cells are also provided.
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BRIEF DESCRIPTION OF THE DRAWINGS
{0632] FIG. 1 shows the bicistron expression design of a CAR fusion construct comprising an
anti-CD19-CAR and anti-CD20 TLR polypeptides (CP19-co-CD20 CAR; SEQ 1D NG: 1). The
sequence of the CAR backbone is according to the following pattern from the N-terminus to the C-
terminus: a signal peptide (SEQ ID NG: 5}, anti-CD19 scFv (SEQ ID NO: 6}, a CD8« hinge domain
(SEQ 1D NO: 7), a CD8y transmembrane (TM) domain (SEQ ID NO: 8), the cytoplasmic portion of
the 4-1BB (CD137} co-stimulatory signaling domain (SEQ 1D NO: 9}, and a CD3{ primary
mtracellular signaling domain (SEQ 1D NO: 10}, which is connected to an inducible costimulatory
molecule comprising from the N-terminus to the C-terminus: a signal peptide (SEQ ID NO: 5), an
anti-CD20 scFv (SEQ ID NO: 11), a TLR4 transmembrane (TM) region (SEQ 1D NO: 12), and the
cytoplasmic portion of TLR4 (e.g., TLR4 primary intracellular signaling domam) (SEQ 1D NO: 13),
via a P2A cleavage site (SEQ 1D NO: 24),
[0033] FIG. 2 shows in vitro cytotoxic effects of CD19 BM CAR-T and CD19-co-CD20 CAR-T
cells armored with TLR4. In particular, FIG. 2 shows that CD19 BM CAR-T and CD19-¢o-CD20
CAR T cells induce Raji target cell lysis in a dose dependent manner in vitre. Untransduced T cells
(i.e., “unT”) served as controls i this experiment.
{8034] FIG. 3 shows the in virro IFNy cytokine section of CD19 BM CAR-T and CD19-co-CD20
CAR-T cells armored with TLR4, co-cultured with Raji target cells. Untransduced T cells (i.e.,
“unT”) served as controls in this experiment.
{0035] FIG. 4 shows the in vitro TNFa cytokine section of CD19 BM CAR-T and CD19-co-
D20 CAR-T cells armored with TLR4, co-cultured with Raji target cells. Untransduced T cells
(i.e., “unT”) served as controls in this experiment.
{0636] FIG. 5 shows the in virro killing efficacy CD19 BM CAR-T and CD19-co-CD20 CAR-T
cells armored with TLR4 in a repeated tumor stimulation assay with Raji target cells. Untransduced
T cells {i.e., “UNT”) served as controls i this experiment.
10037} FIG. 6 shows the in vitro proliferation {e.g., expansion fold) of CD19 BM CAR-T and
CD19-co-CD20 CAR-T cells armored with TLR4, after incubation with Raji target cells.
{0038] FIG. 7 shows the bicistron expression design of a CAR fusion construct comprising an
anti-CLL1-CAR and anti-CD33 TLR polypeptides (CLL1-co-CD33 CAR; SEQ ID NO: 3 and
CLL1-co-CD33-2 CAR-T; SEQ D NO: 71).
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{003%] FIG. 8 shows in vifro cytotoxic effects of CLLT BM CAR-T, CLL1-c0o-CD33 CAR-T celis
armored with TLRZ and TLRI and CLL1-co-CD33-2 CAR-T cells armored with TLR4. In
particular, FIG. 8 shows that CLE1 BM CAR-T, CLLI-co-CP33 CAR-T and CLL1-co-CD33-2
CAR-T cells induce U937 target cell lysis 1n a dose dependent manner in vitro. Untransduced T
cells (i.e., “unT”} served as controls in this experiment.

{0040] FIG. 9 shows the in virre IFNy cytokine section of CLL1 BM CAR-T, CLL1-co-CD33
CAR-T cells armored with TLR2 and TLRI and CLE1-co-CD33-2 CAR-T armored with TLR4, co-
cultured with U937 target cells. Untransduced T cells (i.e., “unT") served as controls in this
experiment.

[0041] FIG 10 shows the in vitro TNFu cytokine section of CLL1 BM CAR-T, CLLI-co-CD33
CAR-T cells armored with TLR2 and TLR! and CLL1-co-CD33-2 CAR-T armored with TLR4, co-
cultured with U937 target cells. Untransduced T cells (i.e., “unT") served as controls in this
experiment,

[0042] FIG 11 shows the in vitro killing efficacy CLL1 BM CAR-T, CLL1-co-CD33 CAR-T
cells armored with TLR2 and TLRI and CLL1-co-CD33-2 CAR-T armored with TLR4 ina
repeated tumor stimulation assay with U937 target cells. Untransduced T cells {i.e., “UNT”} served
as controls in this experiment.

[0043] FIG 12 shows the in vitro proliferation (e.g., expansion fold) of CLL1T BM CAR-T,
CLE1-co-CD33 CAR-T cells armored with TLR2 and TLR1 and CLL1-c0-CD33-2 CAR-T
armored with TLR4, after incubation with U937 target cells.

[6044]  FIG. 13 shows a schematic of an in vive efficacy study of exemplary CLL1-c0-CD33
CAR afiT and CLL1-co-CD33 CAR v8T treatment in a U937-Luc xenograft mouse model.

08457  FIG. 14 shows the in vive efficacy of CLL1-co-CD33 CAR 3T cells ina U937-Luc
xenograft mouse model.

[0B46]  FIG. 15 shows the in vivo efficacy of CLL1-co-CD33 CAR v6T cells and CLL1-co-CD33-
2 CAR vOT cells in a U937-Luc xenograft mouse model.

{0047} FIGs. 16A-16B show exemplary constructs of CAR or TCRs armored with NKG2D or
mutated NKG2D TLR chimeric receptor. FIG. 16A shows a schematic of a CAR armored with
NKG2D or mutated NKG2ZDB TLR chimeric receptor. FIG. 16B shows a schematic of a TCR

armored with NKG2D or mutated NKG2D TLR chumeric receptor.

9



WO 2023/020558 PCT/CN2022/113170

{0048] FIGs. 17A-178B show exemplary constructs of CAR or TCRs armored with chimeric
receptor which includes a binding domain targeting NKG2D ligands, TLR transmembrane domain
and intracellular effector domain. FIG. 17A shows a schematic of a CAR armored with chimeric
receptor which includes a binding domain targeting NKG2D ligands, TLR transmembrane domain
and intracellular effector domain. FIG. 17B shows a schematic of a TCR armored with chimeric
receptor which includes a binding domain targeting NKG2D ligands, TLR transmembrane domain
and intracellular effector domain.

{0049] FIGs. 18A-18B show exemplary constructs of CAR or TCRs armored with NKG2D or
mutated NKG2D TLR4 chimeric receptor. FIG. 18A shows a second generation CAR armored with
NKGZD or mutated NKG2D TLR4 chimeric receptor. FIG. 18B shows TCR armored with NKG2D
or mutated NKG2D TLR4 chimeric recepior.

[0056] FIG 19 shows the in vitro killing efficacy anti-GPC3 CAR-T and anti-GPC3 CAR-T celis
armored with NKG2D-TLR4 or NKG2D-CD8-TLR4 chimeric receptor in a repeated tumor
stimulation assay with Hoh7 target cells. Untransduced T cells (1.e., “UNT”) served as controls in
this experiment.

[0051] FIG 20 shows the in vitro proliferation of anti-GPC3 CAR-T and anti-GPC3 CAR-T cells
armored with NKG2D-TLR4 or NKG2ZD-CD8-TLR4 chimeric receptor after incubation with Huh7
target cells.

[8652] FIG. 21 shows the in vitro IFNy eytokine section of anti-GPC3 CAR-T and anti-GPC3
CAR-T cells armored with NKG2ZD-TLR4 or NKG2D-UD8-TLR4 chimeric receptor, co-cultured
with Huh7 target cells. Untransduced T cells {1.e., “UNT”} served as controls in this experiment.
{0053} FIG. 22 shows the in vitro killing efficacy anti-CD19 CAR-T and anti-CD19 CAR-T cells
armored with NKGZE-TLR4 or NKG2D-CD8-TLR4 chimeric receptor in a repeated tumor
stimulation assay with Raji target cells. Untransduced T cells (i.e., “UNT”) served as controls in this
expertment.

{0054] FIG. 23 shows the in vitro proliferation of anti-CD19 CAR-T and anti-CD19 CAR-T cells
armored with NKGZD-TLR4 or NKG2D-CD8-TLR4 chumeric receptor after incubation with Raj
target cells.

{0055]  FIG. 24 shows the in vivo efficacy of anti-GPC3 CAR-T cells and anti-GPC3 CAR-T cells
armored with NKG2D-CDS-TLR4 chimeric receptor in Huh7 xenograft model.

10
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{0056] FIG. 25 shows the bicistron expression design of a CAR fusion construct comprising a
tandem anti-BCMA -co-anti-BCMA CAR (SEQ ID NO: 61} or single anti-BCMA-co-anti-BCMA
CAR (8EQ ID NO: 62), simgle anti-BCMA-co-anti-BCMA-CD8 CAR (SEQ 1D NO: 63), single
anti-BCMA -co-anti-BCMA-CD28 CAR (SEQ ID NO: 64) in addition to tandem anti-BCMA-co-
anti-GPRCSD CAR (SEQ ID NO: 65), tandem anti-BCMA-co-anti-GPRCSD-CD8 CAR (SEQ 1D
NO: 72), tandem anti-BCMA-co-anti-GPRCSD-CD28 CAR (SEQ ID NO: 73}

{0057} FIG 26 shows in vitro cytotoxic effects of anti-BCMA-CAR-yST and anti-BCMA-~co-anti-
BCMA-yOT cells armored with TLR4 intracellular signaling. Untransduced 0T cells (i.e., “Un-
voT7) served as controls in this experiment.

{0058] FIG. 27 shows the in vitro IFN-y, TNF-0 and GM-CSF cytokine secretion of anti-BCMA-
CAR-y8T and anti-BCMA-co-anti-BCMA-y0T cells armored with TLR4 mtracellular signalling,
co-cultured with BCMA-positive NCT-H929 target tumor cells. Untransduced v6T cells (i.e., “Un-
vOT”) served as controls in this experiment.

10059] FIG. 28 shows the in vitro killing efficacy and persistence of tandem anti-BCMA-CAR-
voT, tandem anti-BCMA-co-anti-BCMA-CAR 8T, single anti-BCMA-co-anti-BCMA CAR 3T,
single anti-BCMA-co-anti-BCMA-CD8 CAR 0T, single anti-BCMA-co-anti-BCMA-CD28 CAR
voT, tandem anti-BCMA-~co-anti-GPRCSD- CAR T and tandem anti-BCMA-co-anti-GPRCSD-
CD38 CAR-voT cells in a repeated tumor stimulation assay with BCMA-positive NCI-H929 target
tumor cells. Untransduced vo6T cells (i.e., “Un-v6T7) served as controls in this experiment.

[0060] FIG. 29 shows the persistence of tandem anti-BCMA-CAR-~v6T and tandem anti-BCMA-
co~anti-BCMA-~y8T cells armored with TLR4 intracellular signalling in allogeneic setting with co-
meubation of y8T cells, allogeneic PBMCs and BCMA-postive NCI-H929 target tumor cells ata
ratio of 1:60:1.

[8061] FIG. 30 shows the in vive killing efficacy and persistence of tandem anti-BCMA-CAR-
voT, tandem anti-BCMA-co-anti-BCMA-v6T cells armored with TLR4 intracellular signalling and
tandem anti-BCMA -co-anti-GPRCSD-CDE-v6T cells in a BCMA-positive RPMI-8226 tumor-
bearing xenograft model. Untransduced v8T cells {i.e., “Un-ydT”) and vehicle HBSS served as
controls in this experiment.

{0062} FIGs. 31A-31B show the body weight change and IFN-y, TNF-g and GM-CSF cytokine

secretion of tandem anti-BCMA-CAR-v6T and tandem anti-BCMA-co-anti-BCMA-y0T cells
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armored with TLR4 intracellular signalling in 3 BCMA-positive RPMI-8226 tumor-bearing
xenograft model. Untransduced y8T cells (i.e., “Un-y8T”) and vehicle HBSS served as controls in

this experiment.

DETAILED DESCRIPTION

{0063] The present application provides modified immune cells that comprise Toll-like receptor
{TLR) co-stimulatory molecules {e.g., TLR polypeptides), and methods of use thereof for treating
cancer. In some embodiments, the modified immune cells comprise a TLR-based multimer
comprising a first TLR polypeptide and a second TLR polypeptide, which have potent and long-
lasting tumor lytic activity and improved exhaustion profile compared to modified immune cells not
expressing said polypeptides. In some embodiments, the first TLR polypeptide comprises: 1) a first
target binding domain {(e.g., an antibody moiety or fragment thereof), 11) a first TLR transmembrane
domain, and 1) a first TLR signaling domain; and the second TLR polypeptide comprises: 1) a
second target binding doman (e.g., an antibody moiety or fragment thereof), 11} a second TLR
transmembrane domain, and 11) a second TLR signaling domain. Upon binding of the first target
binding domain and second target binding domain to their corresponding targets, the first TLR
signaling domain and the second TLR signaling domain associate with each other to forma TLR
stgnaling motety capable of inducing TLR signaling. In some embodiments, the modified immune
cells are T cells.

{0664] In some embodiments, the modified cells further express a chimeric antigen receptor
(CAR) that specifically recognizes a target antigen of interest. The TLR polypeptides described
herein augment CAR-T cell proliferation and enhance anti-tumor activity.

{0065} The activation of TLR signaling on the TLR polypeptides is target dependent and mitiates
by dimerized or multimerized TLR polypeptides polypeptide and formation of a TLR signaling
motety following binding of the TLR polypeptides to the corresponding target molecules. The
present application provides multiple strategies for inducing the formation of a TLR signaling
moiety. In a first strategy, the first target binding domain of the first polypeptide and the second
binding domain of the second polypeptide each binds to a subunit of a multimeric target molecule.
Upon binding of the target binding domains to their cognate target subunit, the first TLR signaling

domain and the second TLR signaling domain associate to each other to form the TLR signaling
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moiety. In a second strategy, the first target binding domain of the first polypeptide and the second
binding domain of the second polypeptide each binds to a different, non-overlapping target site ona
target molecule. Upon binding of the target binding domains to their cognate target molecule, the
first TLR signaling domain and the second TLR signaling domain associate to each other to form
the TLR signaling motety. In a third strategy, when the immune cell comprises an engineered
receptor comprising an extracellular domain, the extracellular domain and the first or second target
binding domain each binds to a different, non-overlapping target side on the same target molecule.
Without being bound by theory, it is believed that, upon binding of the extracellular domain of the
engineered receptor to the target molecule, an immunological synapse 1s formed around the
engineered receptor. The first and second polypeptides are recruited to the same tmmunological
synapse, which allows the first TLR signaling domain and the second TLR signaling domain to
associate to each other, thereby forming the TLR signaling moiety. In yet another strategy, the furst
target binding domain and the second target binding domain each binds to the same monomeric
target molecule (e.g., on the same target site}, and the binding of the first target binding and the
second target binding domain to the target molecule allows the first TLR signaling domain and the
second TLR signaling domain to associate to each other, thereby forming the TLR signaling moiety.
[8066] Accordingly, one aspect of the present application provides a modified immune cell {e.g.,
T celly comprising a first polypeptide comprising: 1} 8 first target binding domain {e.g., an antibody
moiety or fragment thereof), 11) a first TLR transmembrane domain, and 11} a first TLR signaling
domain; and b} a second polypeptide comprising: 1} a second target binding domain {e.g., an
antibody moiety or fragment thereof), 11} a second TLR transmembrane domain, and 1t} a second
TLR signaling domain, wherem the first target binding domain and the second target binding
domain each binds to a subunit of a multimeric target molecule, wherein upon binding of the first
target binding domain and second target binding domain to their corresponding target, the first TLR
signaling domain and the second TLR signaling domain associate with each other to form a TLR
signaling moiety capable of inducing TLR signaling. In some embodiments, the first target binding
domain and the second binding domain bind to the same target molecule. In some embodiments, the
first target binding domain and the second binding domain each binds to the same target site on the

target molecule. In some embodiments, the modified immune cell further comprises an engineered
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receptor, such as a chimeric antigen recepior, a modified T-cell receptor, or a T-cell antigen coupler
{TAC) receptor.

{0067} Another aspect of the present application provides a modified immune cell {e.g., T cell}
comprising a first polypeptide comprising: 1} a first target binding domain {(e.g., an antthody moiety
or fragment thereof}, 1) a first TLR transmembrane domain, and 111} a first TLR signaling domain;
and b} a second polypeptide comprising: 1) a second target binding domain {e.g., an antibody moiety
or fragment thereof), 1) a second TLR transmembrane domain, and 1i1) a second TLR signaling
domatn, wherein the first target binding domain and the second binding domain bind to the same
target molecule, and wherein the first target binding domain and the second target binding domain
each binds to a different non-overlapping target sites on a single target molecule, wherein upon
binding of the first target binding domain and second target binding domain to their corresponding
target, the first TLR signaling domain and the second TLR signaling domain associate with each
other to form a TLR signaling motety capable of inducing TLR signaling. In some embodiments,
the modified momune cell further comprises an engineered receptor, such as a chimeric antigen
receptor {CAR}, a modified T-cell receptor, or a T-cell antigen coupler (TAC) receptor.

[0068] A further aspect of the present application provided a modified immune cell (e.g., T cell)
comprising a first polypeptide comprising: 1} a first target binding domain {e.g., an antibody moiety
or fragment thereof), 1) a first TLR transmembrane domain, and 111} a first TLR signaling domain,
b) a second polypeptide comprising: 1) a second target binding domain {e.g., an antibody moiety or
fragment thereof), 1t} a second TLR transmembrane domain, and 111} a second TLR signaling
domain; and ¢} an engineered receptor {e.g., a CAR}, wherein the engineered receptor comprises an
extracellular domain specifically recognizing the same target molecule as the first polypeptide
and/or the second polypeptide, wherein upon binding of the first target binding domain and second
target binding domain to their corresponding target, the first TLR signaling domain and the second
TLR signaling domain associate with each other to form a TLR signaling moiety capable of
mnducing TLR signaling. In some embodiments, the engineered receptor comprises an extracellular
domain spectfically recognizing a non-overlapping target site on the same target molecule as the

first polypeptide and/or the second polypeptide.
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{0069] Also provided are compositions {(such as pharmaceutical compositions}, kits and articles of
manufacture comprising the modified immune celis, and methods of treating a disease or condition

{e.g., cancer) using the modified immune cells described herein.

L Befinitions

{0078} As used herein, “treatment” or “treating” is an approach for obtaining beneficial or desired
results including clinical results. For purposes of this disclosure, beneficial or desired clinical results
include, but are not limited to, one or more of the following: alleviating one or more symptoms
resulting from the disease, diminishing the extent of the disease, stabilizing the disease (e.g.,
preventing or delaying the worsening of the disease), preventing or delaying the spread {(e.g.,
metastasis) of the disease, preventing or delaying the recurrence of the disease, delay or slowing the
progression of the disease, ameliorating the disease state, providing a remission (partial or total} of
the disease, decreasing the dose of one or more other medications required to treat the disease,
delaying the progression of the disease, increasing the quality of life, and/or prolonging survival.
Also encompassed by “treatment” 1s a reduction of pathological consequence of the disease (e.g.,
cancer}. The methods of the present application contemplate any one or more of these aspects of
freatment,

2% €

[0071] The term “prevent,” and simtlar words such as “prevented,” “preventing” etc., indicate an
approach for preventing, mmhibtting, or reducing the hikelihood of the recurrence of, a disease or
condition, e.g., cancer. It also refers to delaying the recurrence of a disease or condition or delaying
the recurrence of the symptoms of a disease or condition. As used herein, “prevention” and similar
words also includes reducing the intensity, effect, symptoms and/or burden of a disease or condition
prior to recurrence of the disease or condition.

{0672] As used herein, “delaying” the development of cancer means to defer, hinder, slow, retard,
stabilize, and/or postpone development of the disease. This delay can be of varying lengths of time,
depending on the history of the disease and/or individual being treated. A method that “delays”
development of cancer is a method that reduces probability of disease development in a given time
frame and/or reduces the extent of the disease in a given time frame, when compared to not using
the method. Such comparisons are typically based on clinical studies, using a statistically significant

number of individuals. Cancer development can be detectable using standard methods, including,
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but not limited to, computerized axial tomography (CAT Scan}, Magnetic Resonance Imaging
{MR1}, abdominal ultrasound, clotting tests, arteriography, or biopsy. Development may also refer
to cancer progression that may be initially undetectable and includes occurrence, recurrence, and
onset.

{0073] The term “effective amount” used herein refers to an amount of an agent or a combination
of agents, sufficient to treat a specified disorder, condition or disease such as to ameliorate, palliate,
lessen, and/or delay one or more of its symptoms. In reference to cancer, an effective amount
comprises an amount sufficient to cause a tumor to shrink and/or to decrease the growth rate of the
tumor (such as to suppress tumor growth} or to prevent or delay other undesired cell proliferation. In
some embodiments, an effective amount 1s an amount sutficient to delay disease development. In
some embodiments, an effective amount 1s an amount sufficient to prevent or delay recurrence. An
effective amount can be adnmumistered in one or more administrations. The effective amount of the
drug or composition may: {1) reduce the number of cancer cells; (1) reduce tumor size; {(i11) inhibat,
retard, slow to some extent and preferably stop cancer cell infiltration into peripheral organs; (1v)
mhibit (i.e., slow to some extent and preferably stop) tumor metastasis; (v} inhibit tumor growth;
{vi) prevent or delay occurrence and/or recurrence of tumor; and/or (vit} relieve to some extent one
or more of the symptoms associated with the cancer.

{8074] As used herein, an “individual” or a “subject” refers to a mammal, including, but not
himited to, human, bovine, horse, feline, canine, rodent, or primate. In some embodiments, the
individual is a human.

{0675]  An “isolated” nucleic acid refers to a nucleic acid molecule that has been separated from a
component of 1ts natural environment. An isolated nucleic acid includes a nucleic acid molecule
contained in cells that ordinarily contain the nucleic acid molecule, but the nucleic acid molecule 1s
present extrachromosomally or at a chromosomal location that is different from its natural
chromosomal location.

[0076] The term “vector,” as used herein, refers to a nucleic acid molecule capable of propagating
another nucleic acid to which 1t is linked. The term includes the vector as a self-replicating nucleic
acid structure as well as the vector incorporated mto the genome of a host cell into which it has been
mtroduced. Certain vectors are capable of directing the expression of nucleic acids to which they are

operatively linked. Such vectors are referred to herein as “expression vectors.”
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{0877} The term “transfected” or “transformed” or “transduced” as used herein refers to a process
by which a heterclogous nucleic acid 1s transferred or introduced into the host cell. A “transfected”
or “transformed” or “transduced” cell i1s one which has been transfected, transformed or transduced
with a heterologous nucleic acid. The cell includes the primary subject cell and its progeny.

{0078] “Percent (%) anuno acid sequence identity” with respect to the polypeptide sequences
identified herein is defined as the percentage of amino acid residues in a candidate sequence that are
identical with the amino acid residues in the polypeptide being compared, after aligning the
sequences considering any conservative substitutions as part of the sequence identity. Alignment for
purposes of determining percent amino acid sequence identity can be achieved in various ways that
are within the skill in the art, for mnstance, using publicly available computer software such as
BLAST, BLAST-2, ALIGN, Megalign (DNASTAR), or MUSCLE software. Those skilled m the art
can determine appropriate parameters for measuring alignment, including any algorithms needed to
achieve maximal alignment over the full-length of the sequences being compared. For purposes
herein, however, % amino acid sequence wdentity values are generated using the sequence
comparison computer program MUSCLE (Edgar, R.C., Nucleic Acids Research 32(5).1792-1797,
2004, Edgar, R.C., BMC Bicinformarics 5(13:113, 2004).

{8079] “Chumeric antigen receptor” or "CAR" as used herein refers to genetically engineered
receptors, which graft one or more antigen specificity onto cells, such as T cells. CARs are also
known as “artificial T-cell receptors,” “chimeric T-cell receptors,” or “chimeric immune receptors.”
In some embodiments, the U AR comprises an extracellular variable domain of an antibody specific
for a tumor antigen, and an iniraceliular signaling domain of a T cell or other receptors, such as one
or more co-stimutatory domains. “CAR-T” refers to a T cell that expresses a CAR. As used herein,
a “CLL1 CAR” refers to a CAR that specifically recognizes CLL1, a “CD19 CAR” refers to a CAR
that specifically recognizes CI219, a “GPC3 CAR” refers to a CAR that specifically recognizes
GPC3, and a “BCMA CAR” refers to a CAR that specifically recognizes BCMA.

{0088] “T-cell receptor” or “TCR” as used herein refers to an endogenous or modified T-cell
receptor comprising an extracellular antigen binding domain that binds to a specific antigenic
peptide bound 10 an MHC molecule. In some embodiments, the TCR comprises a TCRa

polypeptide chain and a TCR P polypeptide chain. In some embodiments, the TCR comprises a
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TCRy polypeptide chain and a TCR 8 polypeptide chain. 1n some embodiments, the TCR
specifically binds a tumor antigen. “TCR-T” refers to a T cell that expresses a recombinant TCR.
[8081] “T-cell antigen coupler receptor” or “TAC receptor” as used herein refers to an engineered
receptor comprising an extracellolar antigen binding domain that binds to a specific antigen and a T-
cell receptor (TCR) binding domain, a transmembrane domain, and an mtracetiular domain of a co-
receptor molecule. The TAC receptor co-opts the endogenous TCR of a T cell that expressed the
TAC receptor to elicit antigen-specific T-cell response against a target cell.

{0082} The term “antibody” herein is used in the broadest sense and encompasses various
antibody structures, inchuding but not limited to monoclonal antibodies, polyclonal antibodies,
multispecific antibodies {e.g., bispecific antibodies), and antibody fragments so long as they exhibit
the desired antigen-binding activity. The term antibody includes, but is not limited to, fragments that
are capable of binding antigen, such as Fv, single-chain Fv (scFv}, Fab, Fab’, and (Fab’)2. The term
antibody includes conventional four-chain antibodies, and single-domain antibodies, such as heavy-
chain only antibodies or fragments thereof, e.g., VuH.

{0083] As use herein, the term “binds”, “specifically binds t0” or is “specific for” refers to
measurable and reproducible interactions such as binding between a target and an antibody, which is
determinative of the presence of the target in the presence of a heterogeneous population of
molecules including biological molecules. For example, an antibody that binds to or specifically
binds to a target (which can be an epitope) is an antibody that binds this target with greater affinity,
avidity, more readily, and/or with greater duration than it binds to other targets. In one embodiment,
the extent of binding of an antibody to an unrelated target 15 less than about 10% of the binding of
the antibody to the target as measured, e.g., by a radioimmuncassay (RIA). In certain embodiments,
<10uM, <1 oM, or <01 oM. In certain embodiments, an antibody specifically binds to an epitope
on a protein that 1s conserved among the protein from different species. In another embodiment,
specific binding can include, but does not require exclusive binding.

{0084] The term “cell” ncludes the primary subject cell and its progeny.

{6085] It 1s understood that embodiments of the disclosure described herein include “consisting”

and/or “consisting essentially of” embodiments.
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{0086] Reference to “abowt” a value or parameter herein includes {and describes) variations that
are directed to that value or parameter per se. For example, description referring to “about X7
mcludes description of “X.

{0087] As used herein, reference to “not” a value or parameter generally means and describes
“other than” a value or parameter. For example, the method ts not used to treat cancer of type X
means the method s used to treat cancer of types other than X

{0088] The term “about X-Y” used herein has the same meaning as “about X to about Y.

{6089} As used herein and in the appended claims, the singular forms “a,” “an,” and “the” include
plural referents unless the context clearly dictates otherwise.

[B096] Tt 1s appreciated that certain features of the disclosure, which are, for clarity, described in
the context of separate embodiments, may also be provided in combination in a single embodiment.
Conversely, various features of the disclosure, which are, for brevity, described in the context of a
single embodiment, may also be provided separately or in any suitable subcombination. All
combinations of the embodiments pertaining to the modified immune cells and methods of
treatment described herein are specifically embraced by the present application and are disclosed
herein just as if each and every combination was individually and exphicitly disclosed. Tn addition,
all subcombinations of the modified immune cells listed in the embodiments describing such
variables are also specifically embraced by the present application and are disclosed herein just as 1f

each and every such sub-combination of proteins was individually and explicitly disclosed herein.

il Modified immune cells

[8091] One aspect of the present application provides a modified immune cell comprising a first
polypeptide and a second polypeptide, wherein the first polypeptide and the second polypeptide
each encode 3 TLR polypeptide {e.g., TLR co-stimulatory polypeptides) comprising a TLR
signaling domain. In some embodiments, upon binding of the TLR polypeptides to their correspond
target, the TLR signaling domains of the first and second polypeptide associate with each other to

form a TLR signaling moiety, wherein the TLR signaling moiety induces TLR signaling

g, resulting
in strong anti-tumor effects. The first polypeptide and the second polypeptide may be identical or

different.
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{0092} In some embodiments, the modified immune cells comprising the first and second TLR
polypeptides have increased T-cell receptor (TCR) signai-induced T cell activation, function, and/or
survival, compared to modified immune cells not comprising said TLR polypeptides. In some
embodiments, the TLR polypeptides induce an increased tumor cell killing efficacy by the modified
immune cell compared to modified immune cells not comprising said TLR polypeptides. In some
embodiments, the TLR polypeptides induce increased tumor cell killing efficacy, such as increased
by at least about any one of 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 12 fold, 14 fold, 16
fold, 20 fold, 25 fold, 30 fold, 40 fold or more, compared to a modified immune cell not comprising
said TLR polypeptides. In some embodiments, the TLR polypeptides confer long lasting efficacy
for the modified immune cell, e.g., such as increased by at least about any one of 10%, 20%, 30%,
40%, 50%, 60%, T0%, 80%, 90%, 2 fold, 5 fold, 10 fold, 20 fold, 50 fold, 100 fold, 200 fold, 500
fold, 1000 fold or more, compared to a modified immune cell not comprising said TLR
polypeptides. In some embodiments, the modified immune cell has reduced toxicity in vivo when
administered to an mdividual compared to a modified tmmune cell that does comprise a TLR
polypeptide. In some embodiments, the modified immune cell decrease exhaustion in vivo when
administered to an mdividual compared to a modified immune cell that compared to a modified
mmune cell that does comprise a TLR polypeptide. In some embodiments, the TLR polypeptide 1s
a co-stimulatory molecule. In some embodiments, the modified immune cell further comprises an
engineered receptor, such as a chimeric antigen receptor {CAR]), an engineered TCR, or a T-cell
antigen coupler (TAC) receptor. In some embodiments, the modified immune cell is selected from
the group consisting of a cyvtotoxic T cell, a helper T cell, a natural killer (NK) cell, an NK-cell, an
iNK-T cell, an NK-T like cell, an a7 cell and a vo'T cell.

[0093] In some embodiments, there 1s provided a modified immune cell comprising a) a first
polypeptide comprising: 1) a first target binding domain, 11} a first TLR transmembrane domain, and
11} a first TLR signaling domain; and b) a second polypeptide comprising: 1} a second target binding
domatn, 11} a second TLR transmembrane domain, and 111) a second TLR signaling domain, wherein
upon binding of the first target binding domain and second target binding domain to their
corresponding target, the first TLR signaling domain and the second TLR signaling domain
associate with each other to form a TLR signaling motety capable of inducing TLR signaling. In

some embodiments, the first TLR transmembrane domain and the first TLR signaling domain are
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derived from the same TLR molecule. In some embodiments, the first TLR transmembrane domain
and the first TLR signaling domain are derived from different TLR molecules. In some
embodiments, the second TLR transmembrane domain and the second TLR signaling domain are
derived from the same TLR molecule. In some embodiments, the second TLR transmembrane
domain and the second TLR signaling domain are derived from different TLR molecules. In some
embodiments, the first TLR transmembrane domain and the second TLR transmembrane domain are
the same. In some embodiments, the first TLR transmembrane domain and the second TLR
transmembrane domain are different. In some embodiments, the first TLR signaling domain and the
second TLR signaling domain are different. In some embodiments, the TLR molecule(s) is selected
from the group consisting of TLR1, TLR2, TLR3, TLR4, TLRS, TLR6, TLR7, TLRSE, and TLRY,
such as TLR1, TLR2, TLR4 or TLR6. In some embodiments, the furst polypeptide further comprises
a first intracellular domain of a first cytokine receptor, and/or the second polypeptide further
comprises an intraceullar domain of a second cytokine receptor. In some embodiments, the modified
mmune cell further comprises an engineered receptor, such as a chimeric antigen receptor {CAR),
an engineered TCR, or a T-cell antigen coupler {TAC) receptor. In some embodiments, the modified
mmune cell 1s selected from the group consisting of a cytotoxic T cell, a helper T cell, a natural
killer (NK} cell, an NK-cell, an iNK-T cell, an NK-T hike cell, an «pT cell and a v&T cell.

[0094] In some embodiments, there is provided a modified immune cell comprising a) a first
polypeptide comprising: 1) a first target binding domain, 11) a first TLR transmembrane domain, and
1) a first TLR signaling domain; and b) a second polypeptide comprising: 1) a second target binding
domain, 11} a second TLR transmembrane domain, and 111} a second TLR signaling domain, wherein
upon binding of the first target binding domain and second target binding domam to thew
corresponding target, the first TLR signaling domain and the second TLR signaling domam
associate with each other to form a TLR signaling motety capable of inducing TLR signaling, and
wherein the first TLR transmembrane domain, the first TLR signaling domain, the second TLR
transmembrane domain, and the second TLR signaling domain are derived from TLR4. In some
embodiments, the first polypeptide further comprises a first intracetlular domain of a first cytokine
receptor, and/or the second polypeptide further comprises an intraceutlar domain of a second
cytokine receptor. In some embodiments, the modified immune cell further comprises an engineered

receptor, such as a chimeric antigen receptor {CAR), an engingered TCR, or a T-cell antigen coupler
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(TAC} receptor. In some embodiments, the modified immune cell 15 selected from the group
consisting of a cytotoxic T cell, a helper T cell, a natural killer (NK) cell, an NK-cell, an iNK-T cell,
an NK-T like cell, an afT cell and a y&7T cell.

[0095] In some embodiments, there 1s provided a modified immune cell comprising a) a first
polypeptide comprising: 1) a first target binding domain, 11} a first TLR transmembrane domain, and
11} a first TLR signaling domain; and b) a second polypeptide comprising: 1} a second target binding
domatn, 11} a second TLR transmembrane domain, and 111} a second TLR signaling domain, wherein
upon binding of the first target binding domain and second target binding domain to their
corresponding target, the first TLR signaling domain and the second TLR signaling domain
associate with each other to form a TLR signaling motety capable of inducing TLR signaling;
wherein the first TLR transmembrane domain and the first TLR signaling domain are derived from
TLR2, and wherein the second TLR transmembrane domain and the second TLR signaling domain
are derived from TLR1, or wherein the first TLR transmembrane domain and the first TLR
signaling domain are derived from TLR1, and wherein the second TLR transmembrane domain and
the second TLR signaling domain are derived from TLRZ. In some embodiments, the first
polypeptide further comprises a first intracellular domain of a first cytokine receptor, and/or the
second polypeptide further comprises an intraceullar domamn of a second cytokine receptor. In some
ernbodiments, the modified immune cell further comprises an engineered receptor, such as a
chimeric antigen receptor (CAR), an engineered TCR, or a T-cell antigen coupler (TAC) receptor.
In some embodiments, the modified immune cell 1s selected from the group consisting of a
cytotoxic T cell, a helper T cell, a natural killer (NK) cell, an NK-cell, an iINK-T cell, an NK-T like
cell, an ofT cell and a yOT cell.

{0096] In some embodiments, there is provided a modified immune cell comprising a} a first
polypeptide comprising: 1) a first target binding domain, 11) a first TLR transmembrane domain, and
1t} a first TLR signaling domain; and b) a second polypeptide comprising: 1} a second target binding
domain, 11} a second TLR transmembrane domain, and 111} a second TLR signaling domain, wherein
upon binding of the first target binding domain and second target binding domaimn to thewr
corresponding target, the first TLR signaling domain and the second TLR signaling domain
associate with each other to form a TLR signaling moiety capable of inducing TLR signaling;

wherein the first TLR transmembrane domain and the first TLR signaling domain are derived from
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TLRO, and wherein the second TLR transmembrane domain and the second TLR signaling domain
are derived from TLR2, or wherein the first TLR transmembrane domain and the first TLR
signaling domain are derived from TLRZ, and wherein the second TLR transmembrane domain and
the second TLR signaling domain are derived from TLR6G. In some embodiments, the first
polypeptide further comprises a first intracellular domain of a first cytokine receptor, and/or the
second polypeptide further comprises an intraceullar domain of a second cytokine receptor. In some
embodiments, the modified immune cell further comprises an engineered recepior, such asa
chimeric antigen receptor (CAR), an engineered TCR, or a T-cell antigen coupler (TAC) receptor.
In some embodiments, the modified immune cell 1s selected from the group consisting of a
cytotoxic T cell, a helper T cell, a natural killer (NK) cell, an NK-cell, an iNK-T cell, an NK-T hike
cell, an ofT cell and a yOT cell.

{0097} In some embodiments, there is provided a modified immune cell comprising a) a first
polypeptide comprising: 1) a first target binding domain, 1t) a first TLR transmembrane domain, and
1t} a first TLR signaling domain; and b) a second polypeptide comprising: 1} a second target binding
domain, 11} a second TLR transmembrane domain, and 111} a second TLR signaling domain, wherein
upon bhinding of the first target binding domain and second target binding domain to thewr
corresponding target, the first TLR signaling domain and the second TLR signaling domain
associate with each other to form a TLR signaling moiety capable of inducing TLR signaling, and
wherein the first target binding domain and/or the second target binding domain s an antibody
moiety or antigen-binding fragment thereof. In some embodiments, the first target binding domain
and the second target binding domain are antibody moieties or antigen-binding fragment thereof. In
some embodiments, the first polypeptide and the second polypeptide do not comprise an
extracellular TGFB-binding domain of a TGFP {e.g., TGFPRT and/or TGFBR2). In some
embodiments, the first target binding domain and/or second target binding domain 1s 8 scFv or
sdAb. In some embodiments, the first target binding domain and/or second target binding domain
spectfically binds to CD33, CLL1, CD123, CD19, D20, CD22, BCMA, GPRCSD, NKG2D, or
GPC3. In some embodiments, the {irst target binding domain and the second target binding domain
are the same. In some embodiments, the first target binding domain and the second target binding
domain are different. In some embodiments, the target molecule of the first polypeptide and/or the

second polypeptide is an immune checkpoint protein. In some embodiments, the target molecule of

23



WO 2023/020558 PCT/CN2022/113170

the first polypeptide and/or the second polypeptide 1s selected from the group consisting of PD-1,
CD70, CD27, SIRPo, and TIGIT. In some embodiments according to any of one the modified
mamune cells described above, the target molecule 1s a natural protein expressed on immune cells.
In some embodiments, the target molecule 1s NKG2D. In some embodiments, the target molecule 15
mutated NKG2D. In some embodiments, the mutated NKG2D comprises a truncated sequence
and/or an amino acid substitution, mutation, addition, and/or delstion. In some embodiments, the
target molecule 13 an extracellular antigen binding domain of NKG2D. In some embodiments, the
target molecule is full-length sequence of NKG2D. In some embodiments, the first polypeptide
further comprises a first intraceliular domain of a first cytokine receptor, and/or the second
polypeptide further comprises an intraceullar domain of a second cytokine receptor. In some
embodiments, the modified immune cell further comprises an engineered receptor, such as a
chimeric antigen receptor {C AR}, an engineered TCR, or a T-cell antigen coupler (TAC) receptor.
In some embodiments, the modified immune cell 1s selected from the group consisting of a
cytotoxic T cell, a helper T cell, a natural killer (NK) cell, an NK-cell, an (NK-T cell, an NK-T like
cell, an offT cell and a voT cell.

{0698] In some embodiments, there is provided a modified immune cell {e.g., T cell) comprising
a} a first polypeptide comprising: 1} a first target binding domain, 11} a first TLR transmembrane
domain, and 1t} a first TLR signaling domain; and b) a second polypeptide comprising: 1} a second
target binding domain, it} a second TLR transmembrane domain, and 111} a second TLR signaling
domain, wherein upon binding of the first target binding domain and second target binding domain
to their corresponding target, the first TLR signaling domain and the second TLR signaling domain
associate with each other to form a TLR signaling motety capable of inducing TLR signaling, and
wherein the first target binding domain and the second target binding domain each binds to a
subunit of a multimeric target molecule. In some embodiments, the first polypeptide and the second
polypeptide do not comprise an extracellular TGFB-binding domain of a TGE (e.g., TGFER1
and/or TGFPR2). In some embodiments, the first target binding domain and/or the second target
binding domain is an antibody moiety or antigen-binding fragment thereof. In some embodiments,
the subunits of the multimeric target molecule are different. In some embodiments, the first target
binding domain specitfically recognizes the V subunit of CD33, and the second target binding

domain specifically recognizes the C2 subunit of CD33. In some embodiments, the subunits of the

24



WO 2023/020558 PCT/CN2022/113170

multimeric target molecule are the same. In some embodiments, the first target binding domain and
second target binding domain specifically recognize a subunit of CD20. In some embodiments, the
first target binding domain and second target binding domain specifically recognize a subunit of
D33, In some embodiments, the first target binding domain and second target binding domain
specifically recognize a subunit of BCMA. In some embodiments, the first target binding domain
and the second target binding doman specifically reconigize a subunit of NKG2D. In some
embodiments, the first target binding domain and second target binding domain specifically
recognize a subunit of GPRCSD. In some embodiments, the first target binding domain and second
target binding domain specifically recognize a subunit of NKG2D. In some embodiments, the first
polypeptide further comprises a first intracellular domain of a first cytokine receptor, and/or the
second polypeptide further comprises an intraceullar domain of a second cytokine receptor. In some
embodiments, the modified immune cell further comprises and engineered receptor. In some
embodiments, the engineered receptor comprises an extracellular domain specifically recognizing
any of CD19, CLLI, BCMA, or GPC3. In some embodiments, the engineered receptor 1s a CAR,
such as a CD9 CAR, a CLL1 CAR, a GPC3 CAR, or a BCMA CAR {e.g., a single BCMA CAR or
a tandem BCMA CAR). In some embodiments, the engineered receptor 1s an engineered TCR. In
some embodiments, the engingered receptor 1s a TAC receptor. In some embodiments, the modified
mmune cell 1s selected from the group consisting of a cytotoxic T cell, a helper T cell, a natural
killer (NK} cell, an NK-cell, an iNK-T cell, an NK-T hike cell, an «pT cell and a v&T cell.

[0099] In some embodiments, there 1s provided a modified immune cell {e.g., T cell) comprising
a) a first polypeptide comprising: 1) a first target binding domain, 1) a first TLR transmembrane
domain, and 111} a first TLR signaling domain; and b) a second polypeptide comprising: 1} a second
target binding domain, 1) a second TLR transmembrane domain, and 111} a second TLR signaling
domatin, wherein upon binding of the first target binding domain and second target binding domain
to thewr corresponding target, the first TLR signaling domamn and the second TLR signaling domaimn
associate with each other to form a TLR signaling motety capable of inducing TLR signaling, and
wherein the first target binding domain and the second binding domain each binds to the same target
site on the target molecule. In some embodiments, the first polypeptide and the second polypeptide
do not comprise an extracellular TGFB-binding domain of 3 TGFP (e.g., TGFPRT and/or TGFBRZ).

In some embodiments, the first target binding domain and/or the second target binding domain 1s an
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antibody moiety or antigen-binding fragment thereof. In some embodiments, the first target binding
domain and second target binding domain spectfically recognize a subunit of CD20. In some
embodiments, the first target binding domain and second target binding domain specifically
recognize a subunit of CD33. In some embodiments, the first target binding domain and second
target binding domain specifically recognize a subunit of BCMA. In some embodiments, the first
target binding domain and the second target binding domain specifically reconigize a subunit of
NK.G2D. In some embodiments, the first target binding domain and second target binding domain
specifically recognize a subunit of GPRCSD. In some embodiments, the first target binding domain
and second target binding domain specifically recognize a subunit of NKG2D. In some
embodiments, the fust polypeptide further comprises a first intracellular domain of a first cytokine
receptor, and/or the second polypeptide further comprises an intraceullar domain of a second
cytokine receptor. In some embodiments, the modified immune cell further comprises and
engineered receptor. In some embodiments, the engineered receptor comprises an extracetiular
domain specifically recognizing any of CD19, CLL1Y, GPC3, and BCMA. In some embodiments,
the engineered receptor is a CAR, such as a CD19 CAR, a CLLI CAR, a GPC3 CAR, ora BCMA
CAR {e.g., a single BCMA CAR or a tandem BCMA CAR). In some embodiments, the engineered
receptor s an engineered TCR. In some embodiments, the engineered receptor 1s a TAC receptor. In
some embodiments, the modified immune cell 1s selected from the group consisting of a eytotoxic T
cell, a helper T cell, a natural killer (NK) cell, an NK-cell, an iNK-T cell, an NK-T like cell, an offT
cell and a yoT cell.

{00108] In some embodiments, there 15 provided a modified immune cell comprising a} a first
polypeptide comprising: 1) a first target binding domain, 11} a first TER4 transmembrane domain,
and u1) a first TLR4 signaling domain; and b} a second polypeptide comprising: 1) a second target
binding domain, 11} a second TLR4 transmembrane domain, and 111} a second TLR4 signaling
domain; wherein the first target binding domain and the second target binding domain each binds to
a subunit of a multimeric target molecule, wherein upon binding of the first target binding domain
and second target binding domain to their corresponding target, the first TLR4 signaling domain and
the second TLR4 signaling domain associate with each other to form a TLR signaling motety
capable of inducing TLR signaling. In some embodiments, the first polypeptide and the second

polypeptide do not comprise an extracellular TGFB-binding domain of a TGFP (e.g., TGFPR1
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and/or TGFBR2). In some embodiments, the first target binding domain and the second target
binding domain are each an extracellular NKG2D-binding domain of NKG2D. In some
embodiments, the first target binding domain and/or the second target binding domain is an
antibody motety or antigen-binding fragment thereof. In some embodiments, the first target binding
domain and/or second target binding domain is a scFv or sdAb. In some embodiments, the first
polypeptide and the second polypeptide are the same. In some embodiments, the first target binding
domain and the second target binding domain are each a scFv that specifically binds to CD20. In
some embodiments, the first target binding domain and second target binding domain specifically
recognize a subunit of CD33. In some embodiments, the first target binding domain and the second
target binding domain are each a scFv that specifically binds to GPRCSD. In some embodiments,
the first target binding domain and the second target binding domain are each a sdAb that
spectfically binds to BCMA. In some embodiments, the first polypeptide and the second
polypeptide are different. In some embodiments, the first polypeptide further comprises a first
mtracellular domain of a first cytokine receptor, and/or the second polypeptide further comprises an
miraceullar domain of a second cytokine receptor. In some embodiments, the modified immune cell
further comprises an engineered receptor, such as a chimeric antigen receptor {CAR), an engineered
TCR, or a T-cell antigen coupler (TAL) receptor. In some embodiments, the modified immune cell
1s selected from the group consisting of a cytotoxic T cell, a helper T cell, a natural killer (NK) cell,
an NK-cell, an iNK-T ¢cell, an NK-T hike cell, an ofT cell and a y0'T cell.

{00101} In some embodiments, there is provided a modified immune cell comprising a) a first
polypeptide comprising: 1) a first target binding domain, 11) a first TLRZ transmembrane domain,
and w1} a first TLR2 signaling domain; and b) a second polypeptide comprising 1} a second target
binding domain, 11} a second TLRI transmembrane domain, and 11} a second TLR1 signaling
domatin; wherein the first target binding domain and the second target binding domain each binds to
a subunit of a multimeric target molecule, wherein upon binding of the first target binding domain
and second target binding domain to their corresponding target, the first TLR2 signaling domain and
the second TLR1 signaling domain associate with each other to form a TLR signaling moiety
capable of inducing TLR signaling. In some embodiments, the first polypeptide and the second
polypeptide do not comprise an extracellular TGFB-binding domain of a TGEFP (e.g., TGFBR1

and/or TGFPR2). In some embodiments, the first target binding domain and/or the second target
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binding domain 1s an antibody moigty or antigen-binding fragment thereof. In some embodiments,
the first target binding domain and/or second target binding domain is a scFv or sdAb. In some
embodiments, the first target binding domain is an anttbody moiety or antigen-binding fragment
thereof. In some embodiments, the first target binding domain specifically recognizes the V subunit
of CD33, and the second target binding domain specifically recognizes the C2 subunit of CD33. In
some embodiments, the first polypeptide further comprises a first intracellular domain of a first
cytokine receptor, and/or the second polypeptide further comprises an intraceullar domain of a
second cytokine receptor. In some embodiments, the modified immune cell further comprises an
engineered receptor, such as a chimeric antigen receptor (CAR), an engineered TCR, or a T-cell
antigen coupler (TAC) receptor. In some embodiments, the modified immune cell is selected from
the group consisting of a cytotoxic T cell, a helper T cell, a natural killer (NK) cell, an NK-cell, an
iNK-T cell, an NE-T hike cell, an oo T cell and a yOT cell.

{00102} In some embodiments, there is provided a modified immune cell {e.g., T cell) comprising
a) a first polypeptide comprising: 1} a first target binding domain, 11} a first TLR transmembrane
domain, and 11} a first TLR signaling domain; and b) a second polypeptide comprising: 1} a second
target binding domain, 1t} a second TLR transmembrane domain, and 111} a second TLR signaling
domain, wherein the first polypeptide comprises from the N-terminus to the C-terminus: a signal
peptide, an anti-CD20 scFv, a TLR4 transmembrane domain, and a TLR4 signaling domain {e.g.,
the cytoplasmic portion of TLR4), and the second polypeptide comprises from the N-terminus to the
C-terminus: a signal peptide, an anti-CD20 scFv, a TLR4 transmembrane domain, and a TLR4
signaling domain {e.g., the cytoplasmic portion of TLR4), and wherein upon binding of the first
target binding domam and second target binding domain to their corresponding target, the first
TLRA4 signaling domain and the second TLR4 signaling domain associate with each other to form a
TLR signaling moiety capable of mducing TLR signaling. In some embodiments, the first
polypeptide and the second polypeptide do not comprise an extracellular TGF-binding domain of a
TGFp {e.g., TGFPRI and/or TGFPR2). In some embodiments, the first polypeptide further
comprises a first intracellular domain of a first cytokine receptor, and/or the second polypeptide
further comprises an intraceullar domain of a second cytokine receptor. In some embodiments, the
modified immune cell further comprises an engineered receptor, such as a chimeric antigen receptor

{CAR), an engineered TCR, or a T-cell antigen coupler (TAC) receptor. In some embodiments, the
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modified immune cell is selected from the group consisting of a cytotoxic T cell, a helper T cell, a
natural killer (NK) cell, an NK-cell, an iNK-T cell, an NK-T like cell, an T cell and a y8T cell.
[80103] In some embodiments, there s provided a modified immune cell {e.g., T cell) comprising
a} a first polypeptide comprising: 1} a first target binding domain, 11} a first TLR transmembrane
domain, and 111} a first TLR signaling domain; and b) a second polypeptide comprising: 1} a second
target binding domain, 11} a second TLR transmembrane domain, and 111} a second TLR signaling
domain, wherein the first polypeptide comprises from the N-terminus to the C-terminus: a signal
peptide, an anti-NKG2D extracelivlar domain (ECD), a TLR4 transmembrane domain, and 3 TLR4
signaling domain {e.g., the cytoplasmic portion of TLR4), and the second polypeptide comprises
from the N-terminus to the C-terminus: a signal peptide, an anti-NKG2ZD ECD, a TLR4
transmembrane domain, and a TLR4 signaling domain {e.g., the cytoplasmic portion of TER4), and
wherein upon binding of the first target binding domain and second target binding domain to their
corresponding target, the first TLR4 signaling domain and the second TLR4 signaling domain
associate with each other to form a TLR signaling motety capable of inducing TLR signaling. In
some embodiments, the first polypeptide and the second polypeptide do not comprise an
extracellular TGFB-binding domain of a TGFB {e.g., TGFPR1 and/or TGFPRZ). In some
embodiments, the first polypeptide further comprises a first intracellular domain of a first cytokine
receptor, and/or the second polypeptide further comprises an intraceullar domain of a second
cytokine receptor. In some embodiments, the modified immune cell further comprises an engineered
receptor, such as a chimeric antigen receptor {CAR), an engineered TCR, or a T-cell antigen coupler
{TAC) receptor. In some embodiments, the modified immune cell 15 selected from the group
consisting of a cytotoxic T cell, a helper T cell, a natural killer (NK} cell, an NK-cell, an (NE-T cell,
an NK-T like cell, an o8 T cell and a v8T cell.

{00104] In some embodiments, there is provided a modified immune cell {e.g., T cell) comprising
a) a first polypeptide comprising: 1} a first target binding domain, 11} a first TLR transmembrane
domain, and 1) a first TLR signaling domain; and b) a second polypeptide comprising: 1} a second
target binding domain, 1t) a second TLR transmembrane domain, and 1) a second TLR signaling
domain, wherein the first polypeptide comprises from the N-terminus to the C-terminus: a signal
peptide, an anti-GPRCSD scFv, a TLR4 transmembrane domain, and a TLR4 signaling domain

{e.z., the cytoplasmic portion of TLR4), and the second polypeptide comprises from the N-terminus
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to the C-terminus: a signal peptide, an anti-GPRCSD scFv, a TLR4 transmembrane domain, and a
TLRA4 signaling domain {e.g., the cytoplasmic portion of TLR4), and wherein upon binding of the
first target binding domain and second target binding domain to their corresponding target, the first
TLR4 signaling domain and the second TLR4 signaling domain associate with each other to form a
TLR signaling moiety capable of inducing TLR signaling. In some embodiments, the first
polypeptide and the second polypeptide do not comprise an extracellular TGFB-binding domain of a
TGFR (e.g., TGFPR1 and/or TGFPRZ). In some embodiments, the first polypeptide further
comprises a first intracellular domain of a first cytokine receptor, and/or the second polypeptide
further comprises an intraceullar domain of a second cytokine receptor. In some embodiments, the
modified immune cell further comprises an engineered receptor, such as a chimeric antigen receptor
(CAR), an engineered TCR, or a T-cell antigen coupler (TAC) receptor. In some embodiments, the
modified immune cell 1s selected from the group consisting of a cytotoxic T cell, a helper T cell, a
natural killer {NK) cell, an NK-cell, an iNK-T cell, an NK-T like cell, an offT cell and a voT cell.
{00105] In some embodiments, there 1s provided a modified immune cell {e.g., T cell} comprising
a} a first polypeptide comprising: 1) a first target binding domain, 1) a first TLR transmembrane
domain, and 11} a first TLR signaling domain; and b} a second polypeptide comprising: 1} a second
target binding domain, 1) a second TLR transmembrane domain, and 111} a second TLR signaling
domain, wherein the first polypeptide comprises from the N-terminus to the C-ternmunus: a signal
peptide, an anti-BCMA sdAb, a TLR4 transmembrane domain, and a TLR4 signaling domain {e.gz.,
the cytoplasmic portion of TLR4), and the second polypeptide comprises from the N-ternunus to the
C-ternunus: a signal peptide, an anti-BCMA sdAb, a TLR4 transmembrane domain, and a TLR4
signaling domain {e.g., the cytoplasmic portion of TLR4), and wheretn upon binding of the first
target binding domain and second target binding domain to their corresponding target, the first
TLRA4 signaling domain and the second TLR4 signaling domain associate with each other to form a
TLR signaling moiety capable of inducing TLR signaling. In some embodiments, the first
polypeptide and the second polypeptide do not comprise an extracetlular TGEFB-binding domain of a
TGEB (e.g., TGFER1T and/or TGFPRZ). In some embodiments, the first polypeptide further
comprises a first intracellular domain of a first cytokine receptor, and/or the second polypeptide
further comprises an intraceutlar domain of a second cytokine receptor. In some embodiments, the

modified immune cell further comprises an engineered receptor, such as a chimeric antigen receptor
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(CAR), an engineered TCR, or a T-cell antigen coupler {TAC) receptor. In some embodiments, the
modified immune cell 15 selected from the group consisting of a cytotoxic T cell, a helper T cell, a
natural killer (NK) cell, an NK-cell, an iNK-T cell, an NK-T like cell, an afST cell and a voT cell.
[06106] In some embodiments, there 1s provided a modified immune cell {e.g., T cell} comprising
a} a first polypeptide comprising: 1) a first target binding domain, 11} a first TLR transmembrane
domain, and 1) a first TLR signaling domain; and b} a second polypeptide comprising: 1} a second
target binding domain, 1) a second TLR transmembrane domain, and 111} a second TLR signaling
domain, wherein the first polypeptide comprises from the N-terminus to the C-terminus: a signal
peptide, an anti-CD33 sdAb, a TLR4 transmembrane domain, and a TLR4 signaling domain (e.g.,
the cytoplasmic portion of TLR4}, and the second polypeptide comprises from the N-terminus to the
C-terminus: a signal peptide, an anti-C33 sdAb, a TLR4 transmembrane domain, and a TLR4
signaling domain {e.g., the cytoplasmic portion of TLR4}, and wherein upon binding of the first
target binding domain and second target binding domain to their corresponding target, the first
TLRA4 signaling domain and the second TLR4 signaling domain associate with each other to forma
TLR signaling moiety capable of inducing TLR signaling. In some embodiments, the first
polypeptide and the second polypeptide do not comprise an extracellular TGFB-binding domamn of a
TGFB (e.g., TGFPRT and/or TGFPR2). In some embodiments, the first polypeptide further
comprises a first intracellular domain of a first cyvtokine receptor, and/or the second polypeptide
further comprises an intraceullar domain of a second cytokine receptor. In some embodiments, the
modified immune cell further comprises an engineered receptor, such as a chimeric antigen receptor
{(CAR), an engineered TCR, or a T-cell antigen coupler (TAC) receptor. In some embodiments, the
modified immune cell 15 selected from the group consisting of a cytotoxic T cell, a helper T cell, a
natural killer (NK) cell, an NK-cell, an iNK-T cell, an NE-T hike cell, an oT cell and a y0T cell,
{00167} In some embodiments, there is provided a modified immune cell {e.g., T cell) comprising
a) a first polypeptide comprising: 1} a first target binding domain, 11} a first TLR transmembrane
domain, and 1) a first TLR signaling domain; and b) a second polypeptide comprising: 1} a second
target binding domain, 1t) a second TLR transmembrane domain, and 1) a second TLR signaling
domain, wherein the first polypeptide comprises from the N-terminus to the C-terminus: a signal
peptide, an anti-CD33 V domain sdAb, a TLRZ transmembrane domain, and a TLR2 signaling

domain {e.g., the cytoplasmic portion of TLR2), and the second polypeptide comprises from the N-
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terminus to the C-terminus: a signal peptide, an anti-CD33 C2 domain sdAb, a TLR1
transmembrane domain, and a TLR1 signaling domain {e.g., the cytoplasmic portion of TLR1),
wherein upon binding of the first target binding domain and second target binding domain to their
corresponding target, wherein the first TLR signaling domain and the second TLR signaling domain
associate with each other to form a TLR signaling motety capable of inducing TLR signaling. In
some embodiments, the first polypeptide and the second polypeptide do not comprise an
extracellular TGFB-binding domain of a TGFB {e.g., TGFPR1I and/or TGFPRZ). In some
embodiments, the first polypeptide further comprises a first intracetiular domain of a first cvtokine
receptor, and/or the second polypeptide further comprises an intraceullar domain of a second
cytokine receptor. In some embodiments, the modified immune cell further comprises an engineered
receptor, such as a chimeric antigen receptor {CAR), an engineered TCR, or a T-cell antigen coupler
{TAC) receptor. In some embodiments, the modified immune cell 15 selected from the group
consisting of a cytotoxic T cell, a helper T cell, a natural killer (NK) cell, an NK-cell, an (NEK-T cell,
an NK-T like cell, an af8T cell and a v&7 cell.

{00108] In some embodiments, there is provided a modified immune cell {e.g., T cell) comprising
a) a first polypeptide comprising: 1} a first target binding domain, 11} a first TLR transmembrane
domain, and 1) a first TLR signaling domain; and b) a second polypeptide comprising: 1} a second
target binding domain, 1) a second TLR transmembrane domain, and 1) a second TLR signaling
domain, wherein the first target binding domain and the second binding domain bind to the same
target molecule, wherein the first target binding domain and the second target binding domain each
binds to a different non-overlapping target site on a single target molecule, and wherein upon
binding of the first target binding domain and second target binding domain to their corresponding
target, the first TLR signaling domain and the second TLR signaling domain associate with each
other to form a TLR signaling motety capable of inducing TLR signaling. In some embodiments,
the first polypeptide and the second polypeptide do not comprise an extracellular TGFB-binding
domain of 3 TGFP (e.g., TGFPRT and/or TGFPR2). In some embodiments, the first target binding
domain and the second target binding domain are each an extracellular NKG2D-binding domain of
NKGZD. In some embodiments, the first target binding domatn and/or the second target binding
domain is an antibody motety or antigen-binding fragment thereof. In some embodiments, the first

target binding domain and/or second target binding domain is a scFv or sdAb. In some
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embodiments, the subunits of the multimeric target molecule are the same. In some embodiments,
the first target binding domain and second target binding domain specifically recognize a subunit of
CD20. In some embodiments, the first target binding domain and the second target binding domain
are each a scFv that specifically binds to GPRCSD. In some embodiments, the first target binding
domain and the second target binding domain are each a sdAb that specifically binds to BCMA. In
some embodiments, the first target binding domain and the second target binding domain are each a
sdAb that specifically binds to CD33. In some embodiments, the first polypeptide further comprises
a first intracellular domain of a first cytokine receptor, and/or the second polypeptide further
comprises an intraceullar domain of a second cytokine receptor. In some embodiments, the modified
immune cell further comprises and engineered receptor. In some embodiments, the engineered
receptor comprises an extraceliular domain specifically recogmizing any of CD19, CLL1, GPC3,
and BCMA. In some embodiments, the engineered receptor is a CAR, such asa CD19 CAR, a
CLL1 CAR, a GP(C3 CAR, ora BCMA CAR (e.g., a single BCMA CAR or a tandem BCMA
CAR)}. In some embodiments, the engineered receptor 1s an engineered TCR. In some embodiments,
the engineered receptor 1s a TAC receptor. In some embodiments, the modified mumune cell 1s
selected from the group consisting of a cytotoxic T cell, a helper T cell, a natural kidler (NK) cell, an
NK-cell, an iNK-T cell, an NK-T like cell, an o3T cell and a v&T cell.

[00109] In some embodiments, there 1s provided a modified immune cell {e.g., T cell) comprising
a) a first polypeptide comprising: 1} a first target binding domain, 11} a first TLR4 transmembrane
domain, and 1) a first TLR4 signaling domain; and b) a second polypeptide comprising 1) a second
target binding domain, 1) a second TLR4 transmembrane domain, and 1) a second TLR4 signaling
domain; wherein the first target binding domain and the second binding domam bind to the same
target molecule, wherein the first target binding domain and the second target binding domain each
binds to a different non-overlapping target site on a single target molecule, wherein upon binding of
the first target binding domain and second target binding domain to their corresponding target, the
first TLR4 signaling domain and the second TLR4 signaling domain associate with each other to
form a TLR signaling moiety capable of inducing TLR signaling. In some embodiments, the first
polypeptide and the second polypeptide do not comprise an extracetlvlar TGFB-binding domain of a
TGEB (e.g., TGFERT and/or TGFPR2). In some embodiments, the first target binding domain and

the second target binding domain are each an extracellular NKG2D-binding domain of NKG2ZD. In
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some embodiments, the first target binding domain and/or the second target binding domain is an
antibody motety or antigen-binding fragment thereof. In some embodiments, the first target binding
domain and/or second target binding domain is a scFv or sdAb. In some embodiments, the first
polypeptide and the second polypeptide are the same. In some embodiments, the first target binding
domain and the second target binding domain are each a scFv that specifically binds to CD20. In
some embodiments, the first target binding domain and the second target binding domain are each a
scFv that spectfically binds to GPRCSD. In some embodiments, the first target binding domain and
the second target binding domain are each a sdAb that specifically binds to BCMA. In some
embodiments, the first target binding domain and the second target binding domain are each a sdAb
that specifically binds to CD33. In some embodiments, the first polypeptide and the second
polypeptide are different. In some embodiments, the first polypeptide further comprises a first
intracellular domain of a first cytokine receptor, and/or the second polypeptide further comprises an
mntraceullar domain of a second cytokine receptor. In some embodiments, the modified immune cell
further comprises an engineered receptor, such as a chimeric antigen receptor {CAR), an engineered
TCR, or a T-cell antigen coupler (TAL) receptor. In some embodiments, the modified immune cell
1s selected from the group consisting of a cytotoxic T cell, a helper T cell, a natural killer (NK) cell,
an NK-cell, an iNK-T ¢cell, an NK-T hike cell, an ofT cell and a y0'T cell.

{00118} In some embodiments, there 1s provided a modified immune cell comprising a) a first
polypeptide comprising: 1) a first target binding domain, 11) a first TLRZ transmembrane domain,
and i) a fust TLR2 signaling domain; and b) a second polypeptide comprising 1) a second target
binding domain, 11) a second TLR1 transmembrane domain, and 111} a second TLR1 signaling
domain; wherein the first target binding domain and the second binding domam bind to the same
target molecule, wherein the first target binding domain and the second target binding domain each
binds to a different non-overlapping target site on a single target molecule, wherein upon binding of
the first target binding domain and second target binding domain to their corresponding target, the
first TLR2 signaling domain and the second TLR1 signaling domain associate with each other to
form a TLR signaling moiety capable of inducing TLR signaling. In some embodiments, the first
polypeptide and the second polypeptide do not comprise an extracetlvlar TGFB-binding domain of a
TGEB (e.g., TGFERT and/or TGFPR2). In some embodiments, the first target binding domain and/or

the second target binding domain 1s an antibody motety or antigen-binding fragment thereof. In
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some embodiments, the first target binding domain and/or second target binding domain 1s a scFv or
sdAb. In some embodiments, the first target binding domain 8 an antibody moiety or antigen-
binding fragment thereof In some embodiments, the first target binding domain specifically
recognizes the V subunit of CD33, and the second target binding domain specifically recognizes the
C2 subunit of CD33. In some embodiments, the first polypeptide further comprises a first
mtracellular domain of a first cytokine receptor, and/or the second polypeptide further comprises an
miraceullar domain of a second cytokine receptor. In some embodiments, the modified immune cell
further comprises an engineered receptor, such as a chimeric antigen receptor (CAR), an engineered
TCR, or a T-cell antigen coupler (TAC) receptor. In some embodiments, the modified immune cell
is selected from the group consisting of a cytotoxic T cell, a helper T cell, a natural killer (NK) cell,
an NEK-cell, an iINK-T cell, an NK-T like cell, an af3T cell and a yoT cell.

{00111] In some embodiments, there is provided a modified immune cell {e.g., T cell} comprising
a} a first polypeptide comprising: 1) a first target binding domain, 1) a first TLR transmembrane
domain, and 11} a first TLR signaling domain; and b} a second polypeptide comprising: 1} a second
target binding domain, 11) a second TLR transmembrane domain, and 11} a second TLR signaling
domain, wherein the first target binding domain and the second binding domain bind to the same
target molecule, wherein the first target binding domain and the second target binding domam each
binds to a different non-overlapping target site on a single target molecule, wherein the first
polypeptide comprises from the N-termunus to the C-terminus: a signal peptide, an anti-CD20 scFv,
a TLR4 transmembrane domain, and a TLR4 signaling domain {e.g., the cvioplasmic portion of
TLR4), and the second polypeptide comprises from the N-ternunus to the C-termunus: a signal
peptide, an anti-CD20 scFv, a TLR4 transmembrane domain, and a TLR4 signaling domam {e.g.,
the cytoplasmic portion of TLR4), and wherein spon binding of the first target binding domain and
second target binding domain to thetr corresponding target, the first TLR4 signaling domain and the
second TLR4 signaling domain associate with each other to form a TLR signaling moiety capable of
mducing TLR signaling. In some embodiments, the first polypeptide and the second polypeptide do
not comprise an extraceliular TGFB-binding domain of a TGFp {e.g., TGFPR1 and/or TGFBER2}. In
some embodiments, the first polypeptide further comprises a first intracellular domain of a first
cytokine receptor, and/or the second polypeptide further comprises an intraceullar domain of a

second cytokine receptor. In some embodiments, the modified immune cell further comprises an
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engineered receptor, such as a chimeric antigen receptor (CAR), an engineered TCR, or a T-cell
antigen coupler (TAC) receptor. In some embodiments, the modified immune cell 1s selected from
the group consisting of a cytotoxic T celi, 3 helper T cell, a natural killer (NK} celi, an NK-cell, an
iINK-T cell, an NE-T like cell, an of3T cell and a y8T cell.

[80112] In some embodiments, there s provided a modified immune cell {e.g., T cell) comprising
a} a first polypeptide comprising: 1} a first target binding domain, 11} a first TLR transmembrane
domain, and 1t} a first TLR signaling domain; and b) a second polypeptide comprising: 1} a second
target binding domain, it} a second TLR transmembrane domain, and 111} a second TLR signaling
domatin, wherein the first target binding domain and the second binding domain bind to the same
target molecule, wherein the first target binding domain and the second target binding domain each
binds to a different non-overlapping target site on a single target molecule, wherein the first
polypeptide comprises from the N-terminus to the C-terminus. a signal peptide, an anti-NKG2D
ECD, a TLR4 transmembrane domain, and a TLR4 signaling domain (e.g., the cytoplasmic portion
of TLR4)}, and the second polypeptide comprises from the N-terminus to the C-terminus: a signal
peptide, an anti-NKG2D ECD, a TLR4 transmembrane domain, and a TLR4 signaling domain {e.g.,
the cytoplasmic portion of TLR4), and wherein upon binding of the first target binding domain and
second target binding domain to their corresponding target, the first TLR4 signaling domain and the
second TLR4 signaling domain associate with each other to form a TLR signaling moiety capable of
inducing TLR signaling. In some embodiments, the first polvpeptide and the second polypeptide do
not comprise an extracellular TGEP-binding domain of a TGFp {e.g., TGFBR1 and/or TGFPR2). In
some embodiments, the first polypeptide further comprises a first intracetiular domain of a first
cytokine receptor, and/or the second polypeptide further comprises an intraceullar domam of a
second cytokine receptor. In some embodiments, the modified immune cell further comprises an
engineered receptor, such as a chimeric antigen receptor {CAR]), an engineered TCR, or a T-cell
antigen coupler (TAC) receptor. In some embodiments, the modified immune cell 15 selected from
the group consisting of a cytotoxic T cell, a helper T cell, a natural killer (NK) cell, an NK-cell, an
iNK-T cell, an NK-T hike cell, an T cell and a v0T cell.

{00113] In some embodiments, there 1s provided a modified immune cell {e.g., T cell) comprising
a) a first polypeptide comprising: 1) a first target binding domain, 1) a furst TLR transmembrane

domain, and 1) a first TLR signaling domain; and b) a second polypeptide comprising: 1} a second
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target binding domain, it} a second TLR transmembrane domain, and 11} a second TLR signaling
domatin, wherein the first target binding domain and the second binding domain bind to the same
target molecule, wherein the first target binding domain and the second target binding domain each
binds to a different non-overlapping target site on a single target molecule, wherein the first
polypeptide comprises from the N-terminus to the C-terminus: a signal peptide, an anti-BCMA
sdAb, a TLR4 transmembrane domain, and a TLR4 signaling domain {(e.g., the cytoplasmic portion
of TLR4)}, and the second polypeptide comprises from the N-terminus to the C-terminus: a signal
peptide, an anti-BCMA sdAb, a TLR4 transmembrane domain, and a TER4 signaling domain {e.g.,
the cytoplasmic portion of TLR4), and wherein upon binding of the first target binding domain and
second target binding domain to their corresponding target, the first TLR4 signaling domain and the
second TLR4 signaling domain associate with each other to form a TLR signaling moiety capable of
inducing TLR signaling. In some embodiments, the first polvpeptide and the second polypeptide do
not comprise an extraceliular TGEP-binding domain of a TGFp (e.g., TGFBR1 and/or TGFPR2). In
some embodiments, the first polypeptide further comprises a first intracellular domain of a first
cytokine receptor, and/or the second polypeptide further comprises an intraceullar domam of a
second cytokine receptor. In some embodiments, the modified immune cell further comprises an
engineered receptor, such as a chimeric antigen receptor {CAR]), an engineered TCR, or a T-cell
antigen coupler (TAC) receptor. In some embodiments, the modified immune cell 15 selected from
the group consisting of a cytotoxic T cell, a helper T cell, a natural killer (NK) cell, an NK-cell, an
iNK-T cell, an NK-T hike cell, an T cell and a v0T cell.

[00114] In some embodiments, there 1s provided a modified immune cell {e.g., T cell) comprising
a} a first polypeptide comprising: 1) a first target binding domain, 11} a first TLR transmembrane
domain, and 1) a first TLR signaling domain; and b} a second polypeptide comprising: 1} a second
target binding domain, 1) a second TLR transmembrane domain, and 111} a second TLR signaling
domain, wherein the first target binding domain and the second binding domain bind to the same
target molecule, wherein the first target binding domain and the second target binding domain each
binds to a different non-overlapping target site on a single target molecule, wherein the first
polypeptide comprises from the N-terminus to the C-terminus: a signal peptide, an anti-GPR{U3D
scFv, a TLR4 transmembrane domain, and a TLR4 signaling domain (e.g., the cytoplasmic portion

of TLR4), and the second polypeptide comprises from the N-terminus to the C-terminus: a signal
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peptide, an anti-GPRCSD scFv, a TLR4 transmembrane domain, and a TLR4 signaling domain
{e.g., the cvtoplasmic portion of TLR4), and wherein upon binding of the first target binding domain
and second target binding domain to their corresponding target, the first TLR4 signaling domain and
the second TLR4 signaling domain associate with each other to form a TLR signaling moiety
capable of inducing TLR signaling. In some embodiments, the first polypeptide and the second
polypeptide do not comprise an extracellular TGFB-binding domain of a TGFp (e.g., TGFPR1
and/or TGFPRZ). In some embodiments, the first polypeptide further comprises a first intracellular
domain of a first cytokine receptor, and/or the second polypeptide further comprises an intraceullar
domain of a second cytokine receptor. In some embodiments, the modified immune cell further
comprises an engineered receptor, such as a chimeric antigen receptor {CAR), an engineered TCR,
or a T-cell antigen coupler (TAC) receptor. In some embodiments, the modified immune cell 1s
selected from the group consisting of a cytotoxic T cell, a helper T cell, a natural kidler (NK) cell, an
NK-cell, an i(NEK-T cell, an NK-T like cell, an o3T cell and a v8T cell.

{00115} In some embodiments, there 15 provided a modified immune cell {e.g., T cell} comprising
a} a first polypeptide comprising: 1) a first target binding domain, 1) a first TLR transmembrane
domain, and 1) a first TLR signaling domain; and b} a second polypeptide comprising: 1} a second
target binding domain, 1) a second TLR transmembrane domain, and 111} a second TLR signaling
domain, wherein the first target binding domain and the second binding domain bind to the same
target molecule, wherein the first target binding domain and the second target binding domamn each
binds to a different non-overlapping target site on a single target molecule, wherein the first
polypeptide comprises from the N-termunus to the C-terminus: a signal peptide, an anti-CD33 sdAb,
a TLR4 transmembrane domain, and a TLR4 signaling domain {e.g., the cytoplasmic portion of
TLR4), and the second polypeptide comprises from the N-ternunus to the C-termunus: a signal
peptide, an anti-CD33 sdAb, a TLR4 transmembrane domain, and a TLR4 signaling domain (e.g.,
the cytoplasmic portion of TLR4), and wherein spon binding of the first target binding domain and
second target binding domain to thetr corresponding target, the first TLR4 signaling domain and the
second TLR4 signaling domain associate with each other to form a TER signaling moiety capable of
inducing TLR signaling. In some embodiments, the first polypeptide and the second polypeptide do
TGFBR] and/or TGFBR2}. In

not comprise an extracelivlar TGFB-binding domam of a TGFP {e.g.

&0

some embodiments, the first polypeptide further comprises a first intracellular domain of a first
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cytokine receptor, and/or the second polypeptide further comprises an intraceullar domain of a
second cytokine receptor. In some embodiments, the modified immune cell further comprises an
engineered receptor, such as a chimeric antigen receptor (CAR), an engineered TCR, or a T-cell
antigen coupler (TAC) receptor. In some embodiments, the modified immune cell is selected from
the group consisting of a cytotoxic T cell, a helper T cell, a natural killer (NK)) cell, an NK-cell, an
iINK-T cell, an NE-T like cell, an o3 T cell and a y8T cell.

{06116] In some embodiments, there is provided a modified immune cell {e.g., T cell) comprising
a} a first polypeptide comprising: 1} a first target binding domain, 11} a first TLR transmembrane
domain, and 1t} a first TLR signaling domain; and b) a second polypeptide comprising: 1} a second
target binding domain, it} a second TLR transmembrane domain, and 111} a second TLR signaling
domatin, wherein the first target binding domain and the second binding domain bind to the same
target molecule, wherein the first target binding domain and the second target binding domain each
binds to a different non-overlapping target site on a single target molecule, wherein the first
polypeptide comprises from the N-terminus to the C-terminus: a signal peptide, an anti-CD33 V
domain sdAb, a TLR2 transmembrane domain, and a TLRZ signaling domain (e.z., the cytoplasmic
portion of TLR2), and the second polypeptide comprises from the N-terminus to the C-terminus: a
signal peptide, an anti-CD33 C2 domain sdAb, a TLR1 transmembrane domain, and a TLR1
signaling domain {e.g., the cytoplasmic portion of TLR1), and wherein upon binding of the first
target binding domain and second target binding domain to their corresponding target, the first TLR
signaling domain and the second TLR signaling domain associate with each other to form a TLR.
signaling moiety capable of inducing TLR signaling. In some embodiments, the first polypeptide
and the second polypeptide do not comprise an extracellular TGFB-binding domain of a TGFP (e.g.,
TGFPRI and/or TGFBR2). In some embodiments, the first polypeptide further comprises a first
mtraceltular domain of a first cytokine receptor, and/or the second polypeptide further comprises an
mtraceuilar domain of a second cytokine receptor. In some embodiments, the modified immune cell
further comprises an engineered receptor, such as a chimeric antigen receptor (CAR), an engineered
TCR, or a T-cell antigen coupler (TAC) receptor. In some embodiments, the modified immune cell
is selected from the group consisting of a cytotoxic T cell, a helper T cell, a natural kaller (NK) cell,

an NK-cell, an iNK-T cell, an NK-T hike cell, an 3T cell and a v&7 cell.
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{00117] In some embodiments, there is provided a modified immune cell {e.g., T cell} comprising a
a} a first polypeptide comprising: 1} a first target binding domain, 11} a first TLR transmembrane
domain, and 11t} a first TLR signaling domain; b) a second polypeptide comprising: 1) a second
target binding domain, 11) a second TLR transmembrane domain, and 111} a second TLR signaling
domain; and ¢} an engineered receptor, wherein the engineered receptor comprises an extracellular
domain specifically recognizing the same target molecule as the first polypeptide and/or the second
polypeptide, and wherein upon binding of the first target binding domain and second target binding
domain to their corresponding target, the first TLR signaling domain and the second TLR signaling
domain associate with each other to form a TLR signaling moiety capable of inducing TLR
signaling. In some embodiments, the engineered receptor comprises an extracellular domain
specifically recognizing the same target molecule as the first polypeptide and the second
polypeptide. In some embodiments, the engineered receptor comprises an extracellular domain
specifically recognizing the same target molecule as the first polypeptide, which 1s different from
the target molecule of the second polypeptide. In some embodiments, the engineered receptor
comprises an extraceliular domain specifically recognizing the same target molecule as the second
polypeptide, which 1s different from the target molecule of the first polypeptide. In some
embodiments, the first polypeptide and the second polypeptide do not comprise an extracellular
TGEB-binding domain of a TGFB (e.g., TGFPRI and/or TGFPR2). In some embodiments, the first
target binding domain and/or the second target binding domain 1s an antibody moiety or antigen-
binding fragment thereof. In some embodiments, the first target binding domain and the second
target binding domain each binds to a subumit of a multimeric target molecule. In some
embodiments, the subunits of the multimeric target molecule are different. In some embodiments,
the first target binding domain specifically recognizes the V subunit of CD33, and the second target
binding domain specifically recognizes the C2 subunit of CD33. In some embodiments, the subunits
of the multimeric target molecule are the same. In some embodiments, the first target binding
domain and second target binding domain spectfically recognize a subunit of CD20. In some
embodiments, the engineered receptor comprises an extraceliular domain specifically recognizing a
non-overlapping target site on the same target molecule as the first polypeptide and/or the second
polypeptide. In some embodiments, the first polypeptide further comprises a first intracellular

domain of a first cytokine receptor, and/or the second polypeptide further comprises an intraceuliar
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domain of a second cytokine receptor. In some embodiments, the engineered receptor comprises an
extracellular domain specifically recognizing any of CD19, CLL1, GP(C3 and BCMA. In some
embodiments, the engineered receptor is a CAR, such as a CD19 CAR, a CLLI CAR a GPC3 CAR
or a BCMA CAR_ In some embodiments, the engineered receptor is an engineered TCR. In some
embodiments, the engineered receptor is a TAC receptor. In some embodiments, the modified
mmune cell 1s selected from the group consisting of a cytotoxic T cell, a helper T cell, a natural
killer (NK)) cell, an NK-cell, an iNK-T cell, an NK-T like cell, an ofT cell and a y8T cell.

{00118] In some embodiments, there is provided a modified immune cell {e.g., T cell} comprising
a} a first polypeptide comprising: 1} a first target binding domain, 11} a {irst TLR4 transmembrane
domain, and 1it) a first TLR4 signaling domatin; b} a second polypeptide comprising: 1) a second
target binding domain, i) a second TLR4 transmembrane domain, and 111} 3 second TLR4 signaling
domain; and ¢} an engineered receptor, wherein the engineered receptor comprises an extracellular
domain specifically recognizing the same target molecule as the first polypeptide and/or the second
polypeptide, wherein the engineered receptor comprises an extracellular domain specifically
recognizing the same target molecule as the first polypeptide and/or the second polypeptide, and
wherein upon binding of the first target binding domain and second target binding domain to their
corresponding target, the first TLR4 signaling domain and the second TLR4 signaling domain
associate with each other to form a TLR signaling moiety capable of inducing TLR signaling In
some embodiments, the first polypeptide and the second polypeptide do not comprise an
extracellular TGFB-binding domain of a TGFR (e.g., TGFBRI and/or TGFARZ). In some
embodiments, the first target binding domain and the second target binding domain are each an
extracellular NKG2D-binding domain of NKG2D. Tn some embodiments, the first target binding
domain and/or the second target binding domain 1s an antibody moiety or antigen-binding fragment
thereof. In some embodiments, the first target binding domamn and/or second target binding domain
1s a scFv or sdAb. In some emboduments, the first polypeptide and the second polypeptide are the
same. In some embodiments, the first target binding domain and the second target binding domain
are each a scFv that specifically binds to CD20. In some embodiments, the first target binding
domain and the second target binding domain are each a scFv that specifically binds to GPRUSD. In
some embodiments, the first target binding domain and the second target binding domain are eacha

sdAb that specifically binds to BCMA. In some embodiments, the first target binding domain and
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the second target binding domain are each a sdAb that specifically binds to CD33. In some
embodiments, the first polypeptide and the second polypeptide are different. In some embodiments,
the first polypeptide further comprises a first intraceliular domain of a first cyviokine receptor, and/or
the second polypeptide further comprises an intraceullar domain of a second cytokine receptor. In
some embodiments, the engineered receptor is a chimeric antigen receptor (CAR), an engineered
TCR, or a T-cell antigen coupler (TAC) receptor. In some embodiments, the modified immune cell
1s selected from the group consisting of a cytotoxic T cell, a helper T cell, a natural killer (NK)) cell,
an NK-cell, an (INK-T cell, an NK-T like cell, an «ffT cell and a y8T cell.

{06119] In some embodiments, there is provided a modified immune cell comprising a) a first
polypeptide comprising: 1} a first target binding domain, 11) a first TLR2 transmembrane domain,
and 111} a first TLR2 signaling domain; b} a second polypeptide comprising: 1) a second target
binding domain, 11} a second TLR1 transmembrane domain, and 1) a second TLR1 signaling
domain; and ¢) an engineered receptor, wherein the engineered receptor comprises an extracellular
domain specifically recognizing the same target molecule as the first polypeptide and/or the second
polypeptide, wherein the engineered receptor comprises an extracellular domain specifically
recognizing the same target molecule as the first polypeptide and/or the second polypeptide, and
wherein upon binding of the first target binding domain and second target binding domain to their
corresponding target, the first TLR2 signaling domain and the second TLR1 signaling domain
associate with each other to form a TLR signaling motety capable of inducing TLR signaling. In
some embodiments, the first polypeptide and the second polypeptide do not comprise an
extracellular TGFB-binding domain of a TGFP {e.g., TGFBR1 and/or TGFBR2). In some
embodiments, the first target binding domam and/or the second target binding domain 1s an
antibody motety or antigen-binding fragment thereof. In some embodiments, the first target binding
domain and/or second target binding domain 1s a scFv or sdAb. In some embodiments, the first
target binding domain is an antibody moiety or antigen-binding fragment thereof. In some
embodiments, the first target binding domain specifically recognizes the V subumit of (D33, and the
second target binding domain specifically recognizes the €2 subunit of CD33. In some
embodiments, the first polypeptide further comprises a first intracellular domain of a first cytokine
receptor, and/or the second polypeptide further comprises an intraceullar domain of a second

cytokine receptor. In some embodiments, the engineered receptor i1s a chimeric antigen receptor
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(CAR), an engineered TCR, or a T-cell antigen coupler {TAC) receptor. In some embodiments, the
modified immune cell 15 selected from the group consisting of a cytotoxic T cell, a helper T cell, a
natural killer (NK) cell, an NK-cell, an iNK-T cell, an NK-T like cell, an afST cell and a voT cell.
[00126] In some embodiments, there 1s provided a modified immune cell {e.g., T cell} comprising
a} a first polypeptide comprising: 1) a first target binding domain, 11} a first TLR transmembrane
domain, and 1t} a first TLR signaling domain; b) a second polypeptide comprising: t) a second
target binding domain, 1) a second TLR transmembrane domain, and 111} a second TLR signaling
domain; and ¢) an engineered receptor, wherein the engineered receptor comprises an extracellular
domain spectfically recognizing the same target molecule as the {first polypeptide and/or the second
polyvpeptide, wherein the engineered receptor comprises an extracellular domain specifically
recogmzing the same target molecule as the first polypeptide and/or the second polypeptide,
wherein the first polypeptide comprises from the N-terminus to the C-terminus: a signal peptide, an
anti-CD20 scFv, a TLR4 transmembrane domain, and a TLR4 signaling domain {e.g., the
cytoplasmic portion of TLR4), and the second polypeptide comprises from the N-terminus to the C-
terminus: a signal peptide, an anti-CD20 scFv, a TLR4 transmembrane domain, and a TLR4
signaling domain {e.g., the cytoplasmic portion of TLR4}, and wherein upon binding of the first
target binding domain and second target binding domain to their corresponding target, the first
TLR4 signaling domain and the second TLR4 signaling domain associate with each other to form a
TLR signaling moiety capable of inducing TLR signaling. In some embodiments, the first
polypeptide and the second polypeptide do not comprise an extracellular TGFB-binding domain of a
TGFB (e.g., TGFPRT and/or TGFPR2). In some embodiments, the first polypeptide further
comprises a first mtracellular domain of a first cyvtokine receptor, and/or the second polypeptide
further comprises an intraceutlar domain of a second cytokine receptor. In some embodiments, the
engineered receptor 1s a chimeric antigen receptor {CAR), an engineered TCR, or a T-cell antigen
coupler { TAC) receptor. In some embodiments, the modified immune cell 1s selected from the group
consisting of a cytotoxic T cell, a helper T cell, a natural killer (NK} cell, an NK-cell, an (NE-T cell,
an NK-T like cell, an o3 T cell and a y87T cell.

[00121] In some embodiments, there 1s provided a modified immune cell {e.g., T cell) comprising
a) a first polypeptide comprising: 1) a first target binding domain, 1) a first TLR transmembrane

domain, and 1) a first TLR signaling domain; b) a second polypeptide comprising: 1) a second
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target binding domain, it} a second TLR transmembrane domain, and 11} a second TLR signaling
domain; and ¢} an engineered receptor, wherein the engineered receptor comprises an extraceliular
domain specifically recognizing the same target molecule as the first polypeptide and/or the second
polypeptide, wherein the engineered receptor comprises an extracellular domain specifically
recognizing the same target molecule as the first polypeptide and/or the second polypeptide,
wherein the first polypeptide comprises from the N-terminus to the C-terminus: a signal peptide, an
anti-NKG2D ECD, a TLR4 transmembrane domain, and a TLR4 signaling domain {e.g., the
cytoplasmic portion of TLR4), and the second polypeptide comprises from the N-terminus to the C-
terminus: a signal peptide, an anti-NKG2D ECD, a TLR4 transmembrane domain, and a TLR4
signaling domain {e.g., the cytoplasmic portion of TLR4), and wherein upon binding of the first
target binding domain and second target binding domain to their corresponding target, the first
TLR4 signaling domain and the second TLR4 signaling domain associate with each other to forma
TLR signaling moiety capable of inducing TLR signaling. In some embodiments, the first
polypeptide and the second polypeptide do not comprise an extracellular TGF-binding domain of a
TGFp {e.g., TGFPRI and/or TGFPR2). In some embodiments, the first polypeptide further
comprises a first intracellular domain of a first eytokine receptor, and/or the second polypeptide
further comprises an intraceullar domain of a second cytokine receptor. In some embodiments, the
engineered receptor 15 a chimeric antigen receptor {CAR), an engineered TCR, or a T-cell antigen
coupler {TAC) receptor. In some embodiments, the modified immune cell is selected from the group
consisting of a cytotoxic T cell, a helper T cell, a natural kaller (NK) cell, an NK-cell, an iNK-T celi,
an NK-T like cell, an of3T cell and a vO7T cell.

[80122] In some embodiments, there s provided a modified immune cell {e.g., T cell) comprising
a} a first polypeptide comprising: 1} a first target binding domain, 11} a first TLR transmembrane
domain, and 11} a first TLR signaling domain; b} a second polypeptide comprising: 1) a second
target binding domain, 1) a second TLR transmembrane domain, and 111} a second TLR signaling
domain; and ¢} an engineered receptor, wherein the engineered receptor comprises an extracellular
domain specifically recognizing the same target molecule as the first polypeptide and/or the second
polypeptide, wherein the engineered receptor comprises an extracellular domain specifically
recognizing the same target molecule as the first polypeptide and/or the second polypeptide,

wherein the first polypeptide comprises from the N-terminus to the C-terminus: a signal peptide, an
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anti-GPRCSD scFv, a TLR4 transmembrane domain, and a TLR4 signaling domain {e.g., the
cytoplasmic portion of TLR4), and the second polypeptide comprises from the N-terminus to the C-
terminus. a signal peptide, an anti-GPRUSD scFv, a TLR4 transmembrane domain, and a TLR4
signaling domain {e.g., the cytoplasmic portion of TLR4), and wherein upon binding of the first
target binding domain and second target binding domain to their corresponding target, the first
TLR4 signaling domain and the second TLR4 signaling domain associate with each other to form a
TLR signaling moiety capable of inducing TLR signaling. In some embodiments, the first
polypeptide and the second polypeptide do not comprise an extracellular TGFB-binding domain of a
TGFR (e.g., TGFPR1 and/or TGFPRZ). In some embodiments, the first polypeptide further
comprises a first intracellular domain of a first cytokine receptor, and/or the second polypeptide
further comprises an intraceullar domain of a second cytokine receptor. In some embodiments, the
engineered receptor 13 a chimeric antigen receptor (CAR), an engineered TCR, or a T-cell antigen
coupler {TAC) receptor. In some embodiments, the modified immune cell 15 selected from the group
consisting of a cytotoxic T cell, a helper T cell, a natural killer (NK) cell, an NEK-cell, an iNK-T cell,
an NK-T hike cell, an afT cell and a 0T cell.

{00123] In some embodiments, there 1s provided a modified immune cell {e.g., T cell} comprising
a) a first polypeptide comprising: 1) a first target binding domain, 1) a first TLR transmembrane
domain, and 11} a first TLR signaling domain; b) a second polypeptide comprising: 1) a second
target binding domain, 1) a second TLR transmembrane domain, and 111} a second TLR signaling
domain; and ¢} an engineered receptor, wherein the engineered receptor comprises an extracellular
domain specifically recognizing the same target molecule as the first polypeptide and/or the second
polypeptide, wherein the engineered receptor comprises an extracellular domamn specifically
recognizing the same target molecule as the first polypeptide and/or the second polypeptide,
wherein the first polypeptide comprises from the N-terminus to the C-termunus: a signal peptide, an
anti-BCMA sdAb, a TLR4 transmembrane domain, and a TLR4 signaling domain (e.g., the
cytoplasmic portion of TLR4), and the second polypeptide comprises from the N-terminus to the C-
terminus. a signal peptide, an anti-BCMA sdAb, a TLR4 transmembrane domain, and a TLR4
signaling domain {e.g., the cytoplasmic portion of TLR4), and wherein upon binding of the first
target binding domain and second target binding domain to their corresponding target, the first

TLRA4 signaling domain and the second TLR4 signaling domain associate with each other to form a
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TLR signaling moiety capable of inducing TLR signaling. In some embodiments, the first
polypeptide and the second polypeptide do not comprise an extracetivlar TGFB-binding domaim of a
TGEB (e.g., TGFER1T and/or TGFPRZ). In some embodiments, the first polypeptide further
comprises a first intracellular domain of a first cytokine receptor, and/or the second polypeptide
further comprises an intraceullar domain of a second cytokine receptor. In some embodiments, the
engineered receptor 1s a chimeric antigen receptor {CAR), an engineered TCR, or a T-cell antigen
coupler {TAC) receptor. In some embodiments, the modified immune cell is selected from the group
consisting of a cytotoxic T cell, a helper T cell, a natural killer (NK)) cell, an NK-cell, an iNK-T cell,
an NK-T like cell, an ofT cell and a y87T cell.

{00124] In some embodiments, there is provided a modified immune cell {e.g., T cell} comprising

a} a first polypeptide comprising: 1} a first target binding domain, 11} a first TLR transmembrane
domain, and 11t} a first TLR signaling domain; b) a second polypeptide comprising: 1) a second
target binding domain, 1) a second TLR transmembrane domain, and 111} a second TLR signaling
domain; and ¢} an engineered receptor, wherein the engineered receptor comprises an extracellular
domain specifically recognizing the same target molecule as the first polypeptide and/or the second
polypeptide, wherein the engineered receptor comprises an extracellular domain specifically
recognizing the same target molecule as the first polypeptide and/or the second polypeptide,
wherein the first polypeptide comprises from the N-terminus to the C-termimus: a signal peptide, an
anti-CD33 sdAb, a TLR4 transmembrane domain, and a TLR4 signaling domain {e.g , the
cytoplasmic portion of TLR4), and the second polypeptide comprises from the N-terminus to the C-
terminus: a signal peptide, an anti-CD33 sdAb, a TLR4 transmembrane domain, and a TLR4
stgnaling domain {e.g., the cytoplasmic portion of TLR4), and wheretn upon binding of the first
target binding domain and second target binding domain to their corresponding target, the first
TLRA4 signaling domain and the second TLR4 signaling domain associate with each other to form a
TLR signaling moiety capable of inducing TLR signaling. In some embodiments, the first
polypeptide and the second polypeptide do not comprise an extracetlular TGEFB-binding domain of a
TGEB (e.g., TGFERT and/or TGFBR2). In some embodiments, the first polypeptide further
comprises a first intracellular domain of a first cytokine receptor, and/or the second polypeptide
further comprises an intraceutlar domain of a second cytokine receptor. In some embodiments, the

engineered receptor is a chimeric antigen receptor {CAR), an engineered TCR, or a T-cell antigen
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coupler {TAC) receptor. In some embodiments, the modified immune cell is selected from the group
consisting of a cytotoxic T cell, a helper T cell, a natural killer (NK) cell, an NK-cell, an iNK-T cell,
an NK-T like cell, an o3 T cell and a y87T cell.

[06125] In some embodiments, there 1s provided a modified immune cell {e.g., T cell} comprising
a} a first polypeptide comprising: 1) a first target binding domain, 11} a first TLR transmembrane
domain, and 1t} a first TLR signaling domain; b) a second polypeptide comprising: t) a second
target binding domain, 1) a second TLR transmembrane domain, and 111} a second TLR signaling
domain; and ¢} an engineered receptor, wherein the engineered receptor comprises an extracellular
domain spectfically recognizing the same target molecule as the {first polypeptide and/or the second
polyvpeptide, wherein the engineered receptor comprises an extracellular domain specifically
recognizing the same target molecule as the first polypeptide and/or the second polypeptide,
wherein the first polypeptide comprises from the N-terminus to the C-terminus: a signal peptide, an
anti-CD33 V domain sdAb, a TLR2 transmembrane domain, and a TLRZ signaling domaimn {e.g., the
cytoplasmic portion of TLR2), and the second polypeptide comprises from the N-terminus to the C-
terminus: a signal peptide, an anti-CD33 2 domain sdAb, a TLR1 transmembrane domain, and a
TLR1 signaling domain {e.g., the cytoplasmic portion of TLR1), and wherein upon binding of the
first target binding domain and second target binding domain to their corresponding target, the first
TLR signaling domain and the second TLR signaling domain associate with each other to forma
TLR signaling moiety capable of inducing TLR signaling. In some embodiments, the first
polypeptide and the second polypeptide do not comprise an extracellular TGFB-binding domain of a
TGFB (e.g., TGFPRT and/or TGFPR2). In some embodiments, the first polypeptide further
comprises a first mtracellular domain of a first cytokine receptor, and/or the second polypeptide
further comprises an intraceutlar domain of a second cytokine receptor. In some embodiments, the
engineered receptor 1s a chimeric antigen receptor {CAR), an engineered TCR, or a T-cell antigen
coupler { TAC) receptor. In some embodiments, the modified immune cell 1s selected from the group
consisting of a cytotoxic T cell, a helper T cell, a natural killer (NK} cell, an NK-cell, an (NE-T cell,
an NK-T like cell, an o3 T cell and a y87T cell.

{00126] In some embodiments, there is provided a CAR-expressing immune cell (e.g., CAR-T cell)
comprising a) a first polypeptide comprising: 1) a first target binding domain, 1) a first TLR

transmembrane domain, and 111} a first TLR signaling domain; and b) a second polypeptide
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comprising: 1} a second target binding domain, 1) a second TLR transmembrane domain, and 1) a
second TLR signaling domain, wherein upon binding of the first target binding domain and second
target binding domain to their corresponding target, the first TLR signaling domain and the second
TLR signaling domain associate with each other to form a TLR signaling moiety capable of
mnducing TLR signaling. In some embodiments, the first target binding domain and the second
target binding domain each binds to a subunit of a multimeric target molecule. In some
embodiments, the subunits of the multimeric target molecule are different. In some embodiments,
the subunits of the multimeric target molecule are the same. In some embodiments, the first target
binding domain and the second binding domain bind to the same target molecule. In some
embodiments, the first target binding domain and the second binding domain each binds to the same
target site on the target molecule. In some embodiments, the first target binding domain and the
second target binding domain are the same. In some embodiments, wherein the first target binding
domain and the second binding domain bind to the same target molecule, the first target binding
domam and the second target binding domain each binds to a different non-overlapping target sites
on a single target molecule. In some embodiments, the CAR comprises an extracellular domain
specifically recognizing the same target molecule as the first polypeptide and/or the second
polypeptide. In some embodiments, the CAR comprises an extracetiular domain specifically
recognizing a non-overlapping target site on the same target molecule as the first polypeptide and/or
the second polypeptide. In some embodiments, the CAR comprises an extraceltular domain
specifically recognizing any of (D19, CLL1, GPC3, and BCMA (e.g., a single BCMA CARor a
tandem BCMA CAR). In some embodiments, the first polypeptide further comprises a first
mitracellular domain of a first cytokine receptor, and/or the second polypeptide further comprises an
mtraceuilar domain of a second cytokine receptor. In some embodiments, the modified immune cell
1s selected from the group consisting of a cytotoxic T cell, a helper T cell, a natural killer (NK)) celi,
an NK-cell, an iNK-T cell, an NK-T like cell, an ofT cell and a y37T cell.

{806127] In some embodiments, there ts provided a TCR-expressing immune cell {e.g., TCR-T cell)
comprising a) a first polypeptide comprising: 1} a first target binding domain, 11} a first TER
transmembrane domain, and 111} a first TLR signaling domain; and b) a second polypeptide
comprising: 1} a second target binding domain, 11} a second TLR transmembrane domain, and 1) a

second TLR signaling domain, wherein upon binding of the first target binding domain and second
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target binding domain to their corresponding target, the first TLR signaling domain and the second
TLR signaling domain associate with each other to form a TLR signaling motety capable of
mducing TLR signaling. In some embodiments, the first target binding domain and the second
target binding domain each binds to a subunit of a multimeric target molecule. In some
embodiments, the subunits of the multimeric target molecule are different. In some embodiments,
the subunits of the multimeric target molecule are the same. In some embodiments, the first target
binding domain and the second binding domain bind to the same target molecule. In some
embodiments, the first target binding domain and the second binding domain each binds to the same
target site on the target molecule. In some embodiments, the first target binding domain and the
second target binding domain are the same. In some embodiments, wherein the first target binding
domain and the second binding domain bind to the same target molecule, the first target binding
domain and the second target binding domain each binds to a different non-overlapping target sites
on a single target molecule. In some embodiments, the TCR comprises an extracetiular domain
specifically recognizing the same target molecule as the first polypeptide and/or the second
polypeptide. In some embodiments, the TCR comprises an extracellular domain specifically
recognizing a non-overlapping target site on the same target molecule as the first polypeptide and/or
the second polypeptide. In some embodiments, the TCR comprises an extracellular domain
specifically recognizing any of CD19, CLL1, GPC3, and BCMA (e.g., asingle BCMA TCR or a
tandem BCMA TCR). In some embodiments, the first polypeptide further comprises a first
mitracellular domain of a first cytokine receptor, and/or the second polypeptide further comprises an
mtraceuilar domain of a second cytokine receptor. In some embodiments, the modified immune cell
1s selected from the group consisting of a cytotoxic T cell, a helper T cell, a natural killer (NK)) celi,
an NK-cell, an iNK-T cell, an NK-T like cell, an ofT cell and a y37T cell.

{80128] In some embodiments, there ts provided a TAC-expressing immune cell (e.g., TAC-T cell)
comprising a) a first polypeptide comprising: 1} a first target binding domain, 1} a first TLR
transmembrane domain, and 1) a first TLR signaling domain; and b) a second polypeptide
comprising: 1} a second target binding domain, 11} a second TLR transmembrane domain, and 1) a
second TLR signaling domain, wherein upon binding of the first target binding domain and second
target binding domain to their corresponding target, the first TLR signaling domain and the second

TLR signaling domain associate with each other to form a TLR signaling motety capable of
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mducing TLR signaling. In some embodiments, the first target binding domain and the second
target binding domain each binds to a subunit of a multimeric target molecule. In some
embodiments, the subunits of the multimeric target molecule are different. In some embodiments,
the subunits of the multimeric target molecule are the same. In some embodiments, the first target
binding domain and the second binding domain bind to the same target molecule. In some
embodiments, the first target binding domain and the second binding domain each binds to the same
target site on the target molecule. In some embodiments, the first target binding domain and the
second target binding domain are the same. In some embodiments, wherein the first target binding
domain and the second binding domain bind to the same target molecule, the first target binding
domain and the second target binding domain each binds to a different non-overlapping target sites
on a single target molecule. In some embodiments, the TAC comprises an extracellular domain
specifically recognizing the same target molecule as the first polypeptide and/or the second
polypeptide. In some embodiments, the TAC comprises an extracellular domain specifically
recognizing a non-overlapping target site on the same target molecule as the first polypeptide and/or
the second polypeptide. In some embodiments, the TAC comprises an extracetlular domam
spectfically recognizing any of CD19, CLL1, GPC3, and BCMA (e.g., a single BCMA TAC ora
tandem BCMA TAC). In some embodiments, the first polypeptide further comprises a first
miracellular domam of a first cytokine receptor, and/or the second polypeptide further comprises an
miraceullar domain of a second cytokine receptor. In some embodiments, the modified immune cell
1s selected from the group consisting of a cytotoxic T cell, a helper T cell, a natural killer (NK)) celi,
an NK-cell, an iNK-T ¢cell, an NK-T hike cell, an ofT cell and a y0'T cell.

{806129] In some embodiments, there 1s provided a CAR-expressing immune cell {e.g., CAR-T cell)
comprising a first polypeptide comprising: 1) a first target binding domain {e.g., an antibody moiety
or antigen binding fragment thereof}, 1) a first TLR4 transmembrane domain, and 11} a first TLR4
signaling domain, and b} a second polypeptide comprising: 1) a second target binding domain {e.g.,
an antibody moiety or antigen binding fragment thereof), 1) a second TLR4 transmembrane domain,
and 11} a second TLR4 signaling domain, wherein upon binding of the target binding domain and
second target binding domain to their corresponding target, the first TLR4 signaling domain and the
second TLR4 signaling domain associate with each other to form a TLR4 signaling moiety capable

of inducing TLR4 signaling. In some embodiments, the first polypeptide further comprises a signal
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peptide {e.g., leader sequence). In some embodiments, the first polypeptide and the second
polypeptide are the same. In some embodiments, each of the first polypeptide and the second
polypeptide comprises from the N-terminus to the C-terminus: a signal peptide, an anti-CD20 scFv,
a TLR4 transmembrane domain, and a TLR4 signaling domain {e.g., the cytoplasmic portion of
TLR4). In some embodiments, each of the first polypeptide and the second polypeptide comprises
from the N-terminus to the C-terminus: a signal peptide, an anti-BCMA sdAb, a TLR4
transmembrane domain, and a TLR4 signaling domain {e.g., the cytoplasmic portion of TER4}. In
some embodiments, each of the first polypeptide and the second polypeptide comprises from the N-
terminus to the C-terminus: a signal peptide, an anti-GPRCS5D scFv, a TLR4 transmembrane
domain, and a TLR4 signaling domain {e.g., the cytoplasmic portion of TLR4). In some
embodiments, each of the first polypeptide and the second polypeptide comprises from the N-
terminus to the C-termunus: a signal peptide, an anti-NKG2ZD ECD, a TLR4 transmembrane domain,
and a TLR4 signaling domain {e.g., the cytoplasmic portion of TLR4). In some embodiments, each
of the first polypeptide and the second polypeptide comprises from the N-terminus to the C-
terminus: a signal peptide, an anti-CD33 sdAb, a TLR4 transmembrane domain, and a TLR4
signaling domain {e.g., the cytoplasmic portion of TLR4). In some embodiments, the modified
mmune cell expresses an anti-CD19 CAR. In some embodiments, the anti-CD 19 CAR comprises
from the N-terminus to the C-terminus: a signal peptide, an anti-CDN 9 scFv, a CD8a hinge domain,
a CDB8a transmembrane {TM) domain, the cytoplasmic portion of the 4-1BB (CD137) co-
stimulatory signaling domain, and a CD3( primary intracelllar signaling domain. In some
embodiments, the anti-CD19 CAR comprises an aming acid sequence having at least about 5%
{e.g., at least about any one of 86%, 87%, 88%, 89%, 9C%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or higher} sequence identity to SEQ ID NO: 2. In some embodiments, the anti-CD19
CAR comprises SEQ ID NO: 2. In some embodiments, the modified immune cell expresses an anti-
CLL1 CAR. In some embodiments, the anti-CLLT CAR comprises from the N-terminus to the C-
terminus: a signal peptide, an anti-CLL1 sdAb, a CD28a hinge domain, a CD28g transmembrane
{TM) domain, the cytoplasmic portion of the CD28 co-stimulatory signaling domain, and a CD3(
primary intracellular signaling domain. In some embodiments, the anti-CLLY CAR comprises an
amino acid sequence having at least about 85% (e.g., at least about any one of 86%, 87%, 88%,

89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher} sequence identity to SEQ
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ID NO: 4. In some embodimenis, the anti-CLL1 CAR comprises SEQ 1D NO: 4. In some
embodiments, the modified immune cell expresses an anti-BCMA CAR (e.g., a single anti-BCMA
CAR or a tandem anti-BCMA CAR]}. In some embodiments, the anti-BCMA CAR comprises from
the N-terminus to the C-terminus: a signal peptide, a single anti-BCMA sdAb, a CD8a hinge
domain, a CD8« transmembrane {(TM) domain, the cytoplasmic portion of the 4-1BB (CD137) co-
stimulatory signaling domain, and a CD3( primary intracellular signaling domain. In some
embodiments, the anti-BCMA CAR comprises an amino acid sequence having at least about 85%
{e.z., at least about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or higher) sequence identity to SEQ 1D NO: 67, In some embodiments, the anti-BCMA
CAR comprises SEQ ID NQO: 67. In some embodiments, each of the first polypeptide and the
second polypeptide comprises an amino acid sequence having at least about 85% (e.g., at least about
any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 953%, 96%, 97%, 98%, 99%, or
higher) sequence 1dentity to SEQ 1D NO: 40. In some embodiments, each of the first polypeptide
and the second polypeptide comprises SEQ ID NO: 40, In some embodiments, the anti-BCMA
CAR comprises from the N-termunus to the C-terminus: a3 signal peptide, a tandem anti-BCMA
sdAb, a CD8u hinge domamn, a CD8a transmembrane {TM) domain, the cytoplasmic portion of the
4-1BB (CD137) co-stimulatory signaling domain, and a CD3( primary intracellular signaling
domain. In some embodiments, the anti-BCMA CAR comprises an amino acid sequence having at
least about 85% (e.g., at least about any one of 86%;, 87%, §8%, 89%, 90%, %1%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or higher) sequence tdentity to SEQ ID NO: 66. In some embodiments,
the anti-BCMA CAR comprises SEQ ID NG: 66. In some embodiments, the modified immune ceil
expresses an anti-GPC3 CAR In some embodiments, the anti-GPC3 CAR comprises from the N-
terminus o the C-terminus: a signal peptide, an anti-GPC3 scFv, a CD8a hinge domain, a CD8a
transmembrane (TM} domain, the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory
signaling domain, and a CD3( primary intracellular signaling domain. In some embodiments, the
anti-GPC3 CAR comprises an amino acid sequence having at least about 85% {e.g., at least about
any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99%, or
higher) sequence identity to SEQ 1D NO: 56, In some embodiments, the anti-GPC3 CAR comprises
SEQ ID NO: 56. In some embodiments, each of the first polypeptide and the second polypeptide

comprises an amino acid sequence having at least about 85% {e.g., at least about any one of §6%,

LA
[ o3



WO 2023/020558 PCT/CN2022/113170

87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher} sequence
identity to SEQ ID NO: 40. In some embodiments, each of the first polypeptide and the second
polypeptide comprises SEQ ID NO: 40, In some embodiments, the modified immune cell comprises
a CAR system {e.g., a CAR fusion construct}, wherein the CAR fusion construct comprises an anti-
CD19 CAR and anti-CD20 TLR polypeptides. In some embodiments, the CAR fusion construct
comprises, from the N-terminus to the C-terminus: a signal peptide, an anti-CD19 scFv, a CD8a
hinge domain, a (D8« transmembrane {TM) domain, the cytoplasmic portion of the 4-18B
{(CD137) co-stimulatory signaling domain, and a CD3( primary mtracellular signaling domain, a
P2A cleavage site, a signal peptide, an anti-CD20 scFv, a TLR4 transmembrane (TM) region, and
the cytoplasmic portion of TLR4 {e.g., TLR4 primary intracellular signaling domain). Tn some
ernbodiments, the CAR fusion construct comprises an amino acid sequence having at least about
85% (e.g., at least about any one of 86%, 87%, 88%, 89%, 90%, 31%, 92%, 93%, 94%, 93%, 96%,
97%., 98%, 99%, or higher) sequence identity to SEQ ID NG: 1. In some embodiments, the CAR.
fusion construct comprises SEQ 1D NG: 1. In some embodiments, the modified immune cell
comprises a CAR system {e.g., a CAR fusion construct), wherein the CAR fusion construct
comprises an anti-CLLL CAR and anti-CD33 TLR polypeptides. In some embodiments, the CAR
fusion construct comprises, from the N-terminus to the C-terminus: a signal peptide, an anti-CLL1
sdAb, a CD8u hinge domamn, a CD8a transmembrane {TM) domain, the cytoplasmic portion of the
4-1BB (CD137) co-stimulatory signaling domain, and a CD3( primary intracellular signaling
domain, a PZA cleavage site, a signal peptide, an anti-CD33 sdAb, a TLR4 transmembrane {TM)
region, and the cytoplasmic portion of TLR4 (e.g., TLR4 primary intracellvlar signaling domain}. In
some embodiments, the CAR fusion construct comprises an amingo acid sequence having at least
about 5% (e.g., at least about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or higher) sequence identity to SEQ ID NO: 71, In some embodiments, the
CAR fusion construct comprises SEQ ID NG: 71, In some embodiments, the modified immune cell
comprises a CAR system {e.g., a CAR fusion construct), wherein the CAR fusion construct
comprises an anti-CD19 CAR and anti-NKG2ZD TLR polypeptides. In some embodiments, the CAR
fusion construct comprises, from the N-terminus to the C-terminus: a signal peptide, an anti-CDH 9
scFv, a CD8g hinge domain, a CD8a transmembrane (1M} domain, the cytoplasmic portion of the

4-1BB (CD137) co-stimulatory signaling domain, and a CD3( primary intracellular signaling
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domain, a P2A cleavage site, a signal peptide, an anti-NKGZD ECD, a TLR4 transmembrane (TM)
region, and the cytoplasmic portion of TLR4 {e.g., TLR4 primary intracellvlar signaling domain). In
some embodiments, the CAR fusion construct comprises an amingo acid sequence having at least
about 85% (e.g., at least about any one of 86%, 87%, 88%, §89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or higher) sequence identity to SEQ ID NO: 592 In some embodiments the
CAR fusion construct comprises SEQ 1D NO: 59 In some embodiments, the CAR fusion construct
comprises, from the N-terminus to the C-terminus: a signal peptide, an anti-CD19 scFv, a CD8g
hinge domain, a CD8g transmembrane (1M} domain, the cytoplasmic portion of the 4-1BB
(CD137) co-stimulatory signaling domain, and a CD3{ primary intraceliular signaling domain, a
P2A cleavage site, a signal peptide, an anti-NKG2ZD ECD, a CD8g hinge domain, a TLR4
transmembrane {TM) region, and the cytoplasmic portion of TLR4 (e.g., TLR4 primary intracellular
signaling domain). In some embodiments, the CAR fusion construct comprises an amino acid
sequence having at least about 85% (e.g., at least about any one of 86%, 87%, 88%, §9%, 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ ID NG 60.
In some embodiments the CAR fusion construct comprises SEQ ID NO: 60. In some embodiments,
the modified immune cell comprises a CAR system (e.g., a CAR fusion construct), wherein the
CAR fusion construct comprises an anti-GPC3 CAR and anti-NKG2D TLR polypeptides. In some
embodiments, the CAR fusion construct comprises, from the N-terminus to the C-terminus: a signal
peptide, an anti-GPC3 scFv, a CD8« hinge domain, a CD8g transmembrane {TM) domain, the
cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3( primary
mtracellular signaling domain, a P2A cleavage site, a signal peptide, an anti-NKG2ZD ECD, a TER4
transmembrane {TM) region, and the cytoplasmic portion of TLR4 (e.g., TLR4 primary intracellular
signaling domain). In some embodiments, the CAR fusion construct comprises an amino acid
sequence having at least about 85% (e.g., at least about any one of 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 7%, 98%, 99%, or higher} sequence identity to SEQ D NO: 57
In some embodiments the CAR fusion construct comprises SEQ DD NO: 57. In some embodiments,
the CAR fusion construct comprises, from the N-terminus to the C-terminus: a signal peptide, an
anti-GPC3 scFv, a CD8g hinge domain, a CD8q transmembrane (1M} domain, the cytoplasmic
portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3( primary intracellular

signaling domain, a PZA cleavage site, a signal peptide, an anti-NKG2D ECD, a CD8a hinge
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domain, a TLR4 transmembrane {TM) region, and the cytoplasmic portion of TLR4 {e.g., TLR4
primary intracellular signaling domain). In some embodiments, the CAR fusion construct comprises
an amino acid sequence having at least about 85% {e.g., at least about any one of 86%, 87%, &8%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ
ID NO: 58, In some embodiments the CAR fusion construct comprises SEQ D NO: 58, In some
embodiments, the modified immune cell comprises a CAR system (e.g., a CAR fusion construct),
wherein the CAR fusion construct comprises an anti-BCMA CAR {e.g., a single anti-BCMA CAR
or a tandem anti-BCMA CAR) and anti-BCMA TLR polypeptides. In some embodiments, the CAR
fusion construct comprises, from the N-terminus to the C-terminus: a signal peptide, a single anti-
BCMA sdAb, a CD38g hinge domain, a CD8a transmembrane (TM) domain, the cytoplasmic
portion of the 4-1BB (CD137) co~stimulatory signaling domain, and a CD3{ primary intracellular
signaling domain, a P2A cleavage site, a signal peptide, a single anti-BCMA sdAb, a TLR4
transmembrane {TM) region, and the cytoplasmic portion of TLR4 (e.g., TLR4 primary intracellular
signaling domain). In some embodiments, the CAR fusion construct comprises an amino acid
sequence having at least about 85% {e.g., at least about any one of 86%, 87%, 88%, 8§9%, 50%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ ID NG 62.
In some embodiments the CAR fusion construct comprises SEQ ID NO: 62, In some embodiments,
the CAR fusion construct comprises, from the N-terminus to the C-terminus: a signal peptide, a
stngle anti-BCMA sdAb, a CD8a hinge domain, a CD8a transmembrane {TM) domain, the
cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3( primary
mtracellular signaling domain, a P2A cleavage site, a signal peptide, a single anti-BCMA sdAb, a
CD8o hinge domain, a TLR4 transmembrane {(TM) region, and the cytoplasmic portion of TLR4
{e.g., TLR4 primary intracellular signaling domain). In some embodiments, the CAR fusion
construct comprises an amino acid sequence having at least about 85% {e.g., at least about any one
of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher)
sequence identity to SEQ ID NO: 63, In some embodiments the CAR fusion construct comprises
SEQ ID NO: 63. In some embodiments, the CAR fusion construct comprises, from the N-terminus
to the C-terminus: a signal peptide, a single anti-BCMA sdAb, a CD8a hinge domam, a CD8a
transmembrane {(TM) domain, the cytoplasmic portion of the 4-1 BB {CD137) co-stimulatory

signaling domain, and a CD3{ primary intracellular signaling domain, a P2A cleavage site, a signal
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peptide, a single anti-BCMA sdAb, a CP28q hinge domain, a TLR4 transmembrane {TM) region,
and the cytoplasmic portion of TLR4 (e g, TLR4 primary intraceliular signaling domain}. In some
embodiments, the CAR fusion construct comprises an aming acid sequence having at least about
85% (e.g., at least about any one of 86%, 87%, 88%, 8§9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or higher) sequence identity to SEQ ID NO: 64, In some embodiments the CAR
fusion construct comprises SEQ ID NO: 64 In some embodiments, the CAR fusion construct
comprises, from the N-terminus to the C-terminus: a signal peptide, a tandem anti-BCMA sdAb, a
CD8a hinge domain, a CD8a transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB
(CD137) co-stimulatory signaling domain, and a CD3({ primary intraceliular signaling domain, a
P2A cleavage site, a signal peptide, a tandem anti-BCMA sdAb, a TLR4 transmembrane (TM)
region, and the cytoplasmic portion of TLR4 (e.g., TLR4 primary intracellular signaling domain}. In
some embodiments, the CAR fusion construct comprises an anuno acid sequence having at least
about 83% {e.g., at least about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%., 93%, 94%, 95%,
96%, 97%, 98%, 99%, or higher) sequence 1dentity to SEQ ID NO: 61. In some embodiments the
CAR fusion construct comprises SEQ ID NG: 61. In some embodiments, the modified immune cell
comprises a CAR system {e.g., a CAR fusion construct), wherein the CAR fusion constract
comprises an anti-BCMA CAR {(e.g., a single anti-BCMA CAR or a tandem anti-BCMA CAR} and
anti-GPRCSD TLR polypeptides. In some embodiments, the CAR fusion construct comprises, from
the N-terminus to the C-termunus: a signal peptide, a tandem anti-BCMA sdAb, a CD8a hinge
domain, a CD8a transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB {CD 137} co-
stimulatory signaling domain, and a CD3( prumary intracellular signaling domain, a P2A cleavage
site, a signal peptide, an anti-GPRUSD scFv, a TLR4 transmembrane {(TM) region, and the
cytoplasmic portion of TLER4 (e.g., TLR4 primary intracellular signaling domain). In some
embodiments, the CAR fusion construct comprises an aming acid sequence having at least about
85% (e.g., at least about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or higher) sequence identity to SEQ ID NO: 65, In some embodiments the CAR
fusion construct comprises SEQ ID NO: 65 In some embodiments, the CAR fusion construct
comprises, from the N-terminus to the C-terminus: a signal peptide, a tandem anti-BCMA sdAb, a
CD8a hinge domain, a CD8a transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB

(CD137) co-stimulatory signaling domain, and a CD3{ primary intraceliular signaling domain, a
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P2A cleavage site, a signal peptide, an anti-GPRCSD scFv, a (DB hinge domain, a TLR4
transmembrane {TM) region, and the cytoplasmic portion of TLR4 {e.g., TLR4 primary intracellular
signaling domain). In some embodiments, the CAR fusion construct comprises an amino acid
sequence having at least about 85% (e g, at least about any one of 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ ID NG 72.
In some embodiments the CAR fusion construct comprises SEQ ID NO: 72. In some embodiments,
the CAR fusion construct comprises, from the N-terminus to the C-terminus: a signal peptide, a
tandem anti-BCMA sdAb, a CD8a hinge domain, a CD8a transmembrane (TM) domain, the
cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3( primary
intracellular signaling domain, a P2A cleavage site, a signal peptide, an anti-GPRCSD scFv, a
CD28¢ hinge domain, a TLR4 transmembrane (TM) region, and the cytoplasmic portion of TLR4
{e.g.. TLR4 primary intracellular signaling domain). In some embodiments, the CAR fusion
construct comprises an amino acid sequence having at least about 83% {e.g., at least about any one
of 86%, 87%, 88%, 8%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher)
sequence identity to SEQ ID NO: 73, In some embodiments the CAR fusion construct comprises
SEQ ID NO: 73, In some embodiments, the first polypeptide further comprises a first intracellular
domain of a first cytokine receptor, and/or the second polypeptide further comprises an intraceuliar
domam of a second cytokine receptor. In some embodiments, the modified immune cell 1s selected
from the group consisting of a cytotoxic T cell, a helper T cell, a natural killer (NK cell, an NK-
cell, an iINK-T cell, an NK-T hike cell, an ST cell and a v0T cell.

{00136} In some embodiments, there 1s provided a CAR-expressing immune cell (e.g., CAR-T cell)
comprising a) a first polypeptide comprising: 1) a first target binding domain {e.g., an antibody
motety or antigen binding fragment thereot), 1) a TLR2 transmembrane domain, and w1} a furst
TLRZ signaling domain; and b} a second polypeptide comprising: 1) a second target binding domain
{e.g., an antibody motety or antigen binding fragment thereot), 11} 2 TLR] transmembrane domain,
and ui} a TLRI signaling domain, wherein upon binding of the first target binding domain and
second target binding domain to their corresponding target, the TLR1 signaling domain and the
TLR2 signaling domain associate with each other to form a TLR signaling moiety capable of
mducing TLR signaling. In some embodiments, the first polypeptide and/or the second polypeptide

further comprises a signal peptide (e.z., leader sequence). In some embodiments, the first
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polypeptide comprises from the N-terminus to the C-terminus. a signal peptide, an anti-CD33 V
domain sdAb, a TLRZ transmembrane domain, and a TLRZ signaling domain {e.g., the cytoplasmic
portion of TLR2), and the second polypeptides comprises from the N-terminus to the C-terminus: a
signal peptide, an anti-CD33 C2 domain sdAb, a TLR1 transmembrane domain, and a TLR1
signaling domain {e.g., the cytoplasmic portion of TLR1}. In some embodiments, the modified
mmune cell expresses an anti-CLL1I CAR. In some embodiments, the modified immune cell
expresses an anti-CLL1/CD33 dual CAR. In some embodiments, the anti-CLL1/CD33 dual CAR
comprises from the N-terminus to the C-terminus: a signal peptide, an anti-CLL1Y sdAb, an anti-
CD33 V domain sdAb, a CD8g hinge domain, a (D3¢ transmembrane {TM) domain, the
cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3( primary
intraceilular signaling domain. In some embodiments, the anti-CLL1/CD33 dual CAR comprises an
amino acid sequence having at least about 85% (e.g., at least about any one of 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence dentity to SEQ
ID NO: 43, In some embodiments the anti-CLL1/CD33 dual CAR comprises SEQ ID NG: 43, In
some embodiments, the first polypeptide comprises an amino acid sequence having at least about
85% (e.g., at least about any one of 86%, 87%, 88%, 89%, 90%, %1%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99%, or higher) sequence identity to SEQ 1D NG: 41, In some embodiments the first
polypeptide comprises SEQ ID NGO 41, In some embodiments, the second polypeptide comprises an
amino acid sequence having at least about 85% (e.g., at least about any one of 86%, 87%, 88%,
89%, 90%, 1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ
ID NO: 42, In some embodiments the second polypeptide comprises SEQ [D NO: 42, In some
embodiments, the modified immune cell comprises a CAR system {e.g., a CAR fusion construct),
wherein the CAR fusion construct comprises an anti-CLL1 CAR and anti-CD33 (e.g., anti-CD33 V
domain and/or anti-CD33 €2 domain) TLR polypeptides. In some embodiments, the CAR fusion
construct comprises, from the N-terminus to the C-terminus: a signal peptide, an anti-CLL1 sdAb, a
CD280 hinge domain, a CD28a transmembrane (TM) domain, the cytoplasmic portion of the CD28
co-stimulatory signaling domain, and a CD3( primary mtracellular signaling domain, a PZA
cleavage site, a signal peptide, an anti-CD33 V domain sdAb, a TLR2 transmembrane domain, a
TLR2 signaling domain (e.g., the cytoplasmic portion of TLRZ), a P2A cleavage site, a signal

peptide, an anti-CD33 C2 domain sdAb, a TLR] transmembrane domain, and a TLR1 signaling
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domain {e.g., the cytoplasmic portion of TLR). In some embodiments, the CAR fusion construct
comprises an amino acid sequence having at least about 85% (e.g., at least about any one of 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence
identity to SEQ D NO: 3. In some embodiments the CAR fusion construct comprises SEQ 1D NO:
3. In some embodiments, the first polypeptide further comprises a first intraceliular domain of a first
cytokine receptor, and/or the second polypeptide further comprises an intraceullar domain of a
second cytokine receptor.. In some embodiments, the modified immune cell 15 selected from the
eroup consisting of a cytotoxic T cell, a helper T cell, a natural killer (NK} cell, an NK-cell, an tNK-

T cell, an NK-T hike cell, an oof3T cell and a y87 cell.

Immune cells

{06131} The modified immune cell can be derived from a variety of cell types and cell sources.
Cells from any mammalian species, including, but not limited to, mice, rats, guinea pigs, rabbits,
dogs, monkeys, and humans, are contemplated herein. In some embodiments, the modified immune
cell 1s a human cell. In some embodiments, the modified immune cell 1s allogenic (i.e., from the
same species, but different donor) as the recipient individual. In some embodiments, the modified
unmune cell 1s autologous (i.e., the donor and the recipient are the same). In some embodiments, the
modified immune cell is syngeneic (i.e., the donor and the recipients are different individuals, but
are identical twins).

{00132] In some embodiments, the modified immune cell s derived from a primary cell. In some
embodiments, the modified immune cell 1s a primary cell 1solated from an individual. In some
embodinents, the modified immune cell 1s propagated (such as proliferated and/or differentiated)
from a primary cell isolated from an individual In some embodiments, the primary cell 15 of the
hematopotetic lineage. In some embodiments, the primary cell 1s obtained from the thymus. In some
embodiments, the primary cell is obtained from the lymph or lymph nodes (such as tumor draining
lymph nodes). In some embodiments, the primary cell 1s obtained from the spleen. In some
embodiments, the primary cell 1s obtained from the bone marrow. In some embodiments, the
primary cell is obtained from the blood, such as the peripheral blood. In some embodiments, the
primary cell 13 a Peripheral Blood Mononuclear Cell (PBMC). In some embodiments, the primary

cell 1s derived from the blood plasma. In some embodiments, the primary cell 1s derived from a
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tumor. In some embodiments, the primary cell 1s obtained from the mucosal immune system. In
some embodiments, the primary cell is obtained from a biopsy sample.

{00133] [Insome embodiments, the modified immune cell 1s derived from a cell line. In some
embodiments, the modified immune cell is obtained from a commercial cell line. In some
embodiments, the modified immune cell is a cell line established from a primary cell isolated from
an individual. In some embodiments, the modified immune cell 1s propagated (such as proliferated
and/or differentiated) from a cell line. In some embodiments, the cell line is mortal In some
embodiments, the cell line 15 immortalized. In some embodiments, the cell line i1s a tumor cell line,
such as a leukemia or lymphoma cell line. In some embodiments, the cell line 15 a cell line derived
from the PBMC. In some embodiments, the cell Iine 15 a stem cell line. In some embodiments, the
cell line 1s selected from the group consisting of HEK293-6F cells, NK-92 cells, and Jurkat cells.
[00134] Exemplary immune cells useful for the present application include, but are not limited to,
dendritic cells (including immature dendritic cells and mature dendritic cells), T lymphocytes {(such
as naive T cells, effector T cells, memory T cells, cytotoxic T lymphocytes, T helper cells, Natural
Killer T cells, Treg cells, tumor infiltrating lymphoeyies (TIL}, and lyphokine-activated killer
(LAK) cells), B cells, Natural Killer (NK} cells, monocytes, macrophages, neutrophuls,
granulocytes, and combinations thereof. Subpopulations of immune cells can be defined by the
presence or absence of one or more cell surface markers known in the art (e.g., CD3, CD4, CDS,
CD19, CD20, Chllc, CD123, CD56, CD34, CD14, CD33, esc.}. In the cases that the
pharmaceutical composition comprises a plurality of modified immune cells, the modified immune
cells can be a specific subpopulation of an immune cell type, a combination of subpopulations of an
mmmune cell type, or a combination of two or more immune cell types. In some embodiments, the
immune cell is present in a homogenous cell population. In some embodiments, the immune cell 1s
present in a heterogeneous cell population that 13 enhanced in the immune cell. In some
embodiments, the modified immune cell 15 a lymphocyte. In some embodiments, the modified
ummune cell 1s not a lymphocyte. In some embodiments, the modified immune cell 15 suitable for
adoptive immunotherapy. In some embodiments, the modified immune cell 1s a PBMC. In some
embodiments, the modified immune cell is an immune cell derived from the PBMC. In some
embodiments, the modified immune cell i1s a T cell. In some embodiments, the modified immune

cell is a CD4™ T cell In some embodiments, the modified immune cell is a CD8" T cell. In some

60



WO 2023/020558 PCT/CN2022/113170

embodiments, the modified immune cell 1s a B cell. In some embodimenis, the modified immune
cell 1s an NK cell.

{00135] In some embodiments, the modified immune cell is derived from a stem cell. In some
embodiments, the stem cell is a totipotent stem cell. In some embodiments, the stem cell is a
pluripotent stem cell. In some embodiments, the stem cell 1s a unupotent stem cell. In some
embodiments, the stem cell is a progenitor cell. In some embodiments, the stem cell is an embryonic
stem cell. In some embodiments, the stem cell is hematopotetic stem cell. In some embodiments, the
stem cell 1s a mesenchymal stem cell. In some embodiments, the stem cell is an induced pluripotent
stem cell (1PSC).

{00136] The modified immune cell may comprise any numnber {(such as any of' 1, 2, 3, 4, 5, 10, 50,
100, 1000, or more) of the heterologous nucleic acid sequence (including first and second nucleic
acid sequences). In some embodiments, the modified immune cell comprises a single copy of the
first and/or second heterologous nucleic acid sequence. In some embodiments, the modified
mmune cell comprises a plurality of copies of the first and/or second heterologous nucleic acid
sequence. In some embodiments, the modified immune cell further comprises at least one additional
heterologous nucleic acid sequence, for example, a heterologous nucleic acid sequence encoding an
mmunomodulatory agent, such as cytokine, chemokine, and/or an immune checkpoint nhibitor.
[06137] Nucleic acid(s) comprising the heterologous nucleic acid sequence(s} described herein
may be transiently or stably mcorporated in the modified immune cell. In some embodiments, the
nucleic acid(s) 1s transiently expressed in the modified immune cell. For example, the nucleic
acid{s}) may be present in the nucleus of the modified immune cell in an extrachromosomal array.
The nucleic acid(s) may be mntroduced o the modified immune cell using any transfection or
transduction methods known in the art, mcluding viral or non-viral methods. Exemplary non-viral
transfection methods include, but are not limited to, chemical-based transfection, such as using
calcium phosphate, dendrimers, liposomes, or cationic polymers {e.g., DEAE-dextran or
polvethylenimine);, non-chemical methods, such as electroporation, cell squeezing, sonoporation,
optical transfection, impalefection, protoplast fusion, hydrodynamic delivery, or transposons;
particle-based methods, such as using a gene gun, magnectofection or magnet assisted transfection,

particle bombardment; and hybrid methods, such as nucleofection.
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{00138] In some embodiments, the heterologous nucleic acid sequence(s) is present in the genome
of the modified immune cell. For example, nucleic acid(s) comprising the heterologous nucleic acid
sequence(s) may be integrated into the genome of the modified immumne cell by any methods known
m the art, including, but not limited to, virus-mediated integration, random integration, homologous
recombination methods, and site-directed integration methods, such as using site-specific
recombinase or integrase, transposase, Transcription activator-like effector nuclease (TALEN®),
CRISPR/Cas9, and zinc-finger nucleases. In some embodiments, the heterologous nucleic acid
sequence(s) is integrated 1n a specifically designed locus of the genome of the modified immune
cell. In some embodiments, the heterologous nucleic acid sequence(s) is integrated in an integration
hotspot of the genome of the modified immune cell. In some embodiments, the heterologous nucleic
acid (sequence) is integrated in a random locus of the genome of the modified mmune cell. In the
cases that multiple copies of the heterologous nucleic acid sequence(s) are present i a single
modified immune cell, the heterologous nucleic acid sequences may be imtegrated in a plurality of

ioct of the genome of the modified immune cell.

TLR polypeptides

{00139] The modified immune cells described herein express toll-like receptor (TLR) polypeptides
{e.g., a first TLR polypeptide and a second TLR polypeptide; also referred herein as a first
polypeptide and a second polypeptide, respectively). In some embodiments, the modified immune
cells express at least one TLR polypeptide. In some embodiments, the modified rumune cells
express two TLR polypeptides. The present application also provides TLR polypeptides and
compositions thereof. In some embodiments, the TLR polypeptides provided herem provide strong
co~stimulatory anti-tumor effects by inducing TLR signaling after antigen stimulation.

{06140] The TLR polypeptides are derived from TLR molecules. TLRs are type | transmembrane
glvcoproteins characterized by the presence of an extracellular domain containing leucine rich
repeats (LRRs), which is responsible for mediating ligand recognition. The extracetiular domain 1s
followed by a single transmembrane helix and an intracellular Toll-like/interlevkin-1 (1L-1) receptor
{TIR)} domain. In some embodiments, the TIR domain 1s responsible for downstream signaling (e g,
mducing TLR signaling). The domains and function of TLRs are well known in the art. See, e g, Jin

et al., 2008 29(2): 182-91;
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{00141] In some embodiments, the TLR molecules is selected from the group consisting of TER1,
TLR2, TLR3, TLR4, TLRS, TLR6, TLR7, TLRS, TLRY, and TLR10. In some embodiments, the
TLR polypeptide 1s derived from TLR1. In some embodiments, the TLR polypeptide s derived
from TLR2. In some embodiments, the TLR polypeptide 1s derived from TLR4. In some
embodiments, the TLR polypeptide 1s derived from TLRG.

{00142] In some embodiments, the TLR polypeptides dimerize upon binding of the first target
binding domain and second target binding domain to their corresponding target, which result in
association of the first TLR signaling domain and the second TLR signaling domain to form a TLR
signaling moiety capable of inducing TLR signaling. In some embodiments, the TLR polypeptides
form a homodimer (e.g., dimerization of two of the same TLR molecules). Homodimers can form
with TLR polypeptides derived from TLR3, TLR4, TLRS, or TLRO. In some embodiments, each of
the first and the second TLR polypeptides comprises a TLR3 transmembrane domain and a TLR3
signaling domain. In some embodiments, each of the first and the second TLR polypeptides
comprises a TLR4 transmembrane domain and a TLR4 signaling domam. In some embodiments,
each of the first and the second TLR polypeptides comprises a TLRS transmembrane domain and a
TLRS signaling domain. In some embodiments, each of the first and the second TLR polypeptides
comprises a TLRO transmembrane domain and a TLRY signaling domam.

[00143] In some embodiments, the TLR polypeptides form a heterodimer {e.g., dimerization of two
different TLR polypeptides). Heterodimers can form with TLR polypeptides derived from TLR1/
TLRZ, TLRI/TLR4, TLR2/TLRSG, TERZ/TLR1O, or TLRA/TLRS. In some embodiments, the first
TLR polypeptide comprises 3 TER1 transmembrane domain and a TLR1 signaling domain, and the
second TLR polypeptide comprises a TLR2 transmembrane domain and a TERZ signaling domain;
or the first TLR polypeptide comprises a TLR2 transmembrane domain and a3 TERZ signaling
domain, and the second TLR polypeptide comprises a TLR1 transmembrane domain and a TLR1
signaling domain. In some embodiments, the first TLR polypeptide comprises a TLR1
transmembrane domain and a TLR1 signaling domain, and the second TLR polypeptide comprises a
TLR4 transmembrane domain and a TLR4 signaling domain; or the first TLR polypeptide
comprises a TLR4 transmembrane domain and a TLR4 signaling domain, and the second TLR
polypeptide comprises a TLR1 transmembrane domain and a TLR1 signaling domain. In some

embodiments, the first TLR polypeptide comprises a TLR2 transmembrane domain and a TLR2
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signaling domain, and the second TLR polypeptide comprises a TLR6 transmembrane domain and a
TLRS signaling domain; or the first TLR polypeptide comprises a TLR6 transmembrane domain
and a TLR6 signaling domain, and the second TLR polypeptide comprises a TLR2 transmembrane
domain and a TLR2 signaling domain. In some embodiments, the first TLR polypeptide comprises a
TLR2 transmembrane domain and a TLRZ signaling domain, and the second TLR polypeptide
comprises a TLR10 transmembrane domain and a TLR10 signaling domain; or the first TLR
polypeptide comprises a TLR10 transmembrane domain and a TLR10 signaling domain, and the
second TLR polypeptide comprises a TLR2 transmembrane domain and a TLR2 signaling domain.
In some embodiments, the first TLR polypeptide comprises a TLR4 transmembrane domain and a
TLR4 signaling domain, and the second TLR polypeptide comprises a TLRS transmembrane
domain and a TLRS signaling domain; or the first TLR polypeptide comprises a TLRS
transmembrane domain and a TLRS signaling domain, and the second TLR polypeptide comprises a
TLRA4 transmembrane domain and a TLR4 signaling domain,

[00144] Exemplary TLR molecules are listed in Table 1 below.

Table 1. Exemplary Toli-like receptor sequences.

Mame | UniProt | NCBI Amino acid sequence SEQ
b GenelD {Transmembrane domain double underlined; TIR b
domain underhined) NO.
TLR1 15399 7096 MTSIFHFAGFMLILOQIRIGLSEESEFLVDRSENGLIHVPKD | 30

LSOKTTILNISONYISELWTSDILSLSKLRILHSHNRIQYL
DESVFEKPNQELEYLDLSHNELVKISCHPTVNLEHLDLSF
NAFDALPICKEFGNMSQLKFLGLSTTHEEKSSVLPIAHL
NISKVLLVLGETYGEKEDPEGLODFNTESLHIVFPTNEEF
HFILDVSVKTVANLELSNIKCVLEDNKCSYFLSILAKLQT
NPKLSNLTLNNIETTWNSFIRILQLYVWHTTYVWYFSISNY
KLOGOLDTRDFDY SGTSLKALSIHQVVSDVEGEFPQSYTY
EIFSNMNIKNFTVSGTRMVHMLCPSKISPFLHLDFSNNLL
TDTVFENCGHLTELETLILOMNQLKELSKIAEMTTOMKS
LOOLDIOMNIVSYDEKKGDCSWTKSLLSLNMSSNILTDT
FRCLPPRIKVEDLHSNKIKSIPKOQVVKLEALQGELNVAFN
SLTDLPGCGSFSSLSVLHDHNSVSHPSADFFQSCOKMRSI
KAGDNPFQCTCELGEFVKNIDOQVSSEVLEGWPDSYKCD
YPESYRGTLLKDFHMSELSCNITLLIVTIVATMLVEAVT
VISLCSYLDEPWYLRMVCQWTQTRRRARNIPLEELORN
LOFHAFISYSGHDSFWYENELEPNLEEEGMOICLHERNE
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VPGESIVENITCIEKSYKSIFVLSENEVOSEWCHYELYFA
HHNLFHEGSNSLIEILLEPIPOYSIPSSYHKLKSLMARRTY
LEWPKEKSKRGT FWANLRAAINIKE TEQAKK

TLR2 | 060603 | 7097 MPHTLWMVW VLGVIISLSKEESSNQASLSCDRNGICKG | 31
SSGSLNSIPSGLTEA VK SLDLSNNRITYISNSDLQRCVNL
QALVLTSNGINTIEEDSFSSLGSLEHLDLSYNYLSNLSSS
WFKPLSSLTFLNLLGNPYKTLGETSLFSHLTKLQILRVG
NMDTFTEIQRKDF AGLTFLEELEIDASDLQSYEPK SLKSI
ONVSHLILHMKQHILLLEIFVDVTSSVECLELRDTDLDTF
HFSELSTGETNSLIKKFTFRNVKITDESLFQVMKLLNQIS
GLLELEFDDCTLNGVGNFRASDNDRVIDPGKVETLTIRR
LHIPRFYLFYDLSTLYSLTER VKRITVENSKVFLVPCLLS
OHLKSLEYLDLSENLMVEEYLKNSACEDAWPSLOTLIL
RONHLASLEKTGETLLTLKNLTNIDISKNSFHSMPETCQ
WPEKMKYLNLSSTRIHSVTGCIPK TLEILDVSNNNLNLFS
LNLPOLEELYISENELMTLPDASLLPMLLVLKISRNAITT
FSKEQLDSFHTLETLEAGGNNFICSCEFLSFTQEQQALA
VSGMOCALFLLILLTGVLCHRFHGLW YMEMMWAWLO
AKRKPRKAPSRNICYDAFVSYSERDAYWVENLMVOEL
ENFNPPFKLCLHKRDFIPGK WIDNIDSIEKSHKTVFVLS
ENFVESEWCKYELDFSHFRLFDENNDAAILILLEPIEKKA
IPORFCKLRKIMNTKTY LEWPMDEAOREGFWVNLRAAT

TLR3 | 015455 | 7098 MROTLPCIYFWGGLLPFGMLCASSTTKCTVSHEVADCS | 372
HLELTQVPDDLPTNITVLNL THNQLRRLPAANFTRYSOL
TSLDVGFNTISKLEPELCQKLPMLK VENLGQHNELSQLSD
KTFAFCTNLTELHLMSNSIQKIKNNPFVKQKNLITLDLSH
NGLSSTKLOTOVOLENLOELLLSNNKIQALE SEELDIFA
NSSLKKLELSSNQIKEFSPGCFHAIGRLFGLFLNNVQLGP
SLTEKLCLELANTSIRNLSLSNSQLSTTSNTTFLGLEWTN
LTMLDLSYNNLNVVGONDSFAWLPQLEYFFLEY MNNIGHL
FSHSLHGLFNVRYLNLKRSFTEQSISLASLPKIDDFSFQW
LKCLEHLNMEDNDIPGIK SNMFTGLINLK YLSLSNSFTSL
RTLTNETFVSLAHSPLHILNL TENEISKIESDAFSWLGHL
EVLDLGLNEIGOELTGQEWRGLENIFEIYLSYNKYLOQLT
RNSFALVPSLORLMLRRY ALK NVDSSPSPFOPLRNLTIL
DLSNNMNIANINDDMLEGLEKLEILDLOHNNLARLWKHA
NPGGPIYFLKGLSHLHILNLESNGFDEIPVEVFKDLFELKI
IDLGLNNLNTLPASVENNQVSLKSLNLQKNLITS VEKK Y
FGPAFRNLTELDMRFNPFDCTCESIA WFVNWINETHTNI
PELSSHYLONTPPHYHGFPVRLFDTSSCKDSAPFELFEMI
NTSLLIFFIVLLIFEGWRISFY WNVSVHRVLGFKEIDR
OTEQFEYAAYIHAYKDKDWVWEHFSSMEKEDQSLKFC
LEERDFEAGYFELEAIVNSIKRSEKHEVITHHLLEDPLOK
RFK.VHHAVOOAIEONLDSHLVFLEEIPDYKLNHALCLRR
GMFESHCILNWPYOKERIGAFRHKLOVALGSK
NSVH

TLR4 | Q00206 | 7099 MMSASRLAGTLIPAMAFLSCVRPESWEPCVEVVPNITY | 33
OCMELNFYKIPDNLPFSTENLDLSFNPLRHLGSYSFFSFP
ELQVLDLSRCEIQTIEDGAYQSLSHLSTLILTGNPIQSLAL
GAFSGLSSLOKLVAVETNLASLENFPIGHLK TLKELNVA
HNLIQSFELPEYFSNLTNLEHLDLSSNKIQSIY CTDLRVL
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HOMPLLNLSLDLSLNPMNFIOPGAPEEIRLHK L TLRNNF
DSLNVMK TCIQGLAGLEVHRLVLGEFRNEGNLEKFDKS
ALEGLCNLTIEEFRLAYLDYYLDDIIDLFNCLTNVSSFSL
VSVTIERVKDFSYNFGWOHLEL VNCKFGQPPTLELKSL
KRLTFTSNKGGNAFSEVDLPSLEFLDLSRNGLIFKGCCS
QSDPGTTSLK YLDLSFNGVITMSSNFLG
LEQLEHLDFOHSNLKOMSEFSVPLSLRNLIYLDISHTHTR
VAFNGIFNGLSSLEVLKMAGNSFQENFLPDIFTELRNLTF
LDLSQCOLEQLSPTAFPNSLSSLOVLNMSHNNFFSLDTFP
YKCLNSLOVLDYSLNHIMTSKK QELQHFPSSLAFLNLTQ
NDFACTCEHQSFLOWIKDQROLLVEVERMECATPSDEQ
GMPYLSLNITCOMNKTUGYSVLSVLYVSVVAVLVYKF
YFHLMLLAGCIK YGRGENIYDAFVIYSSODEDWVRNEL

YENLEEGYPPFOLCLHYRDFIPGVAIAANIIHEGFHKSRE

VIVVVSOHPIOSRWCIFEYEIAQTWOFLSSRAGHFIVLOR
VEKTLLROOVELYRELSRNTYLEWEDSVEGRHIFWRRL
BKALLDGKSWNPEGTVGTGCNWOEATSI

TLRS | 060602 | 7100 MGDHLDLLLGVVLMAGPVFGIPSCSFDGRIAFYRFCNLT | 34
OVPOVLNTTERLLLSFNYIRTVTASSFPFLEQLQLLELGS
OYTPLTIDKEAFRNLPNLRILDLGSSKIVFLHPDAFQGLF
HLFELRLYFCGLSDAVLKDGYFRNLKALTRLDLSKNQIR
SLYLHPSFGKLNSLKSIDFSSNQIFLVCEHELEPLQGK TLS
FFSLAANSLYSRVSVDWGKCMNPFRNMVLEILDVSGNG
WTVDITGNFSNAISK SQAFSLILAHHIMGAGFGFHNIKDP
DONTFAGLARSSVRHLDLSHGFVFSLNSRVFETLKDLK
VLNLAYNKINKIADEAFYGLDNLQVLNLSYNLLGELYS
SNFYGLPEVAYIDLOK NHIATODQTFKFLEELQTLDLRD
NALTTIHFIPSIPDIFL SGNKL VTLPKINL TANLIHLSENRL
ENLDILYFLLRVPHLQILILNGNRFSSCSGDQTPSENPSLE
OLFLGENMLQLAWETELCWD VFEGLSHLOVLYLNHNY
LNSLPPGVFSHLTALRGLSLNSNRLTVLSHNDLPANLEIL
DISRNQLLAPNPDVFVSLSVLDITHNKFICECELSTFINW
LNHTNVTIAGPPADIYCVYPDSFSGVSLFSLSTEGCDEEE
VLKSLKESLEIVCTVILILFLMTILTVTKFRGFCFICYKT
AQRLVFKDHPQGTEPDMYKYDAYLCFSSKDFTWVONA
LLKHLDTOYSDONRFNLCFEERDF VPGENRIANIODAIW
NIRKIVCLVSRHFLRDGWCLEAFSYAQGRCLSDLNSALY
MVYVVGSLSOYQLMEHOSIRGF YOKOQYLRWPEDFODY
GWFLHKLSOOILKEEKEKKKDNNIPLOTVATIS

TLR6 | Q9Y2C9 | 10333 MTKDKEPIVK SFHE VCLMITVG TRIQFSDGNEF AVDK SK.
RGLIHVPKDLPLETKVLDMSQNYIAELQVSDMSFLSELT
VLRLSHNRIQLLDLSVFKFNQDLEYLDLSHNQLOKISCH
PIVSFRHLDLSFNDFK ALPICK EFGNLSQUNFLGLS AMKL
OKLDLLPIAHLHLSYILLDLRNYYIKENETESLOQILNAKT
LHLVFHPTSLFAIQVNIS VNTLGCLOLTNIKLNDDNCQV
FIKFLSELTRGSTLLNFILNHIETTWK CLVRVFQFLWPKP
VEYLNIYNLTIESIREEDFTYSKTTLEALTIEHITNQVFLF
SQTALYTVFSEMNIMMLTISDTPFIHMLCPHAPSTFKFLN
FTONVFTDSIFEKCSTL VKLETLILQKNGLKDLFKVGLM
TKDMPSLEILDVSWNSLESGRHKENCTWVESIVVLNLSS
NMLTDSVFRCLPPRIK VLDLHSNKIKSVPEQVYKLEALQ
ELNVAFNSLTDLPGCGSFSSLSVLIIDHNSVSHPSADFFQ
SCOKMRSIK AGDNPFQCTCELREFVKNIDQVSSEVLEG
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WPDSYKCDYPESYRGSPLKDFHMSELSONITLLIVIIGAT
MLVEAVIVISLOIYLDEPWYLRMVCOWTQTRRRARNIP
LEELQRNLOFHAFISYSEHDSAWVKSELVPYLEKEDIONIC
LHERNFVPGKSIVENINCIERSYKRIFVLAPNFVOSEWCH
YELYFAHHNLFHEGSNNLILILLEPIPONSIPNKYHKLKA
LMTORTYLOWPKEKSKERGLEFWANIRAATNMELTLVTE
NNEVES

TLR7 | QONYK1 | 51284 | MVFPMWTLKRQILILFNULISKLLGARWFPKTLPCDVIL | 36
DVPKNHVIVDCTDKHLTEIPGGIPTNTTNL TLTINHIPDIS
PASFHRLDHLVEIDFRCNCVPIPLGSKNNMCIKRLQIKPR
SFSGLTYLKSLYLDGNQLLEIPQGLPPSLOLLSLEANNIFS
IRKENLTELANIEIL YLGONCYYRNPCYVSYSIEKDAFLN
LTKLEVLSLKDNNVTAVETYLPSTLTEL YL Y NNMIAKIO
EDDFNNLNQLOILDLSGNCPRCYNAPFPCAPCENNSPLO
IPVNAFDALTELKVLRLHSNSLOHVPPR WFKNINKLQEL
DLSONFLAKEIGDAKFLHFLPSLIQLDLSFNFELQVYRAS
MNLSQAFSSLKSLKILRIRGY VFKELK SFNLSPLHNLOQNL
EVLDLGTNFIKIANLSMFKQFKRLK VIDLSVNKISPSGDS
SEVGFCSNARTSVESYEPQVLEQLHYFRYDKY ARSCRF
KNKEASFMSVNESCYKYGQTLDLSKNSIFFVKSSDFQHL
SFLKCLNLSGNLISQTLNGSEFQPLAELRYLDFSNNRLDL
LHSTAFEELHKLEVLDISSNSHYFQSEGITHMLNFTK NL
K VLOKLMMNDNDISSSTSRTMESESLRTLEFRGNHLDV
LWREGDNRYLOQLFENLLKLEELDISKNSLSFLPSGVFDG
MPPNLENLSLAKNGLE SFSWEKLOCLKNLETLDLSHNQ
LTTVPERLSNCSRSLENLILENNQIRSLTKYFLOQDAFQLR
YLDLSSNKIQMIOQK TSFPENVLNNLKMLLLHHNRFLOTC
DAVWEVWWVNHTEVTIPYLATDVTCVGPGAHKGQS VI
SLDLYTCELDLTNLILESLSISVSLFLMVMMTASHLYFW
DVWYIYHFCEAKIKGYQRLISPDCCYDAFIVYDTREDPA
ITEWVLAELVAKLEDPREKHFNLCLEERDWLPGOPVLE
NLSOSIOLSKKTVFVMTDKY AKTENFKIAFYLSHORLM
DEKVDVILIFLEK PFORSKFLOLRKRLOGSSVLEWPTNP
QAHPYFWOQCLKNALATDNHVAYSQVFKETV

TLRS | Q9NRO7 | 51311 VGKYVTELDLSDNFITHITNESFQGLONL TKINLNHNPN | 37
VOHQNGNPGIQSNGLNITDGAFLNLK NLRELLLEDNGQLP
OIPSGLPESLTELSLIONNIYNITKEGISRLINLENLYLAW
NCYFNKVCEKTNIEDGVFETLTNLELLSLSFNSLSHVPPK
LPSSLRKLFLSNTQIKYISEEDFKGLINLTLLDLSGNCPRC
FNAPFPCVPCDGGASINIDRFAFONL TQLRYLNLSSTSLR
KINA AWFKNMPHLEVLDLEFNYLVGEIASGAFLTMLPR
LEILDLSFNYIKGSYPQHINISRNFSKLLSLRALHLRGYVF
OELREDDFOPLMOLPNLSTINLGINFIK QIIFKLFQNFIN
LENYLSENRISPLVKDTRQSY ANSSSFORHIRKRRSTDFE
FDFHSNFYHFTRPLIEPQCAAYGKALDLSLNSIFFIGENG
FENLPDIACLNLSANSNAQVLSGTEFSATPHVK YLDLTN
NRLDFDNASALTELSDLEVLDLSYNSHYFRIAGVTHHLE
FIQNFTNLK VLNLSHNNIY TLTDK YNLESK SLVELVFSG
NRLDILWNDDDNRYISIFK GLKNLTRLDLSLNRLKHIPN
EAFLNLPASLTELHINDNMLKFFNWTLLOQFPRLELLDL
RONKLLFLTDSLSDFTSSLR TLLLSHNRISHLPSGFLSEVS
SLKHLDLSSNLLKTINKSALETKTTTKLSMLELHGNPFE
CTCDIGDFRRWMDEHLNVKIPRLVDVICASPGDORGKST
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VELELTTCVADVTAVILFFFTFFITIM VML AALAHELEY
W DVWFIYI\ VCLAK VKGYR SLSTSQIEYD AYI‘)YDTKDA

LOWPDNPKAEGLFWOTLRNY VL TENDSRYNNMY VIS

KQY

TLRO | QONRO6 | 54106 | MGFCRSALHPLSLLVQAIMLAMILALGTLPAFLPCELQP | 38
HGLVNCNWLFLK SVPHFSMAAPRGNVTSLSLSSNRIHH
LHDSDFAHLPSLRHLNLKWNCPPVGLSPMHFPCHMTIEP
STFLAVPTLEELNLSYNNIMTVPALPK SLISLSLSHTNILM
LDSASLAGLHALRFLFMDGNCYYENPCRQALEVAPGA
LLGLGNLTHLSLKYNNLTYVPRNLPSSLEYLLLSYNRIV
KLAPEDLANLTALRVLDVGGNCRRCDHAPNPCMECPR
HFPQLHPDTFSHLSRLEGLVLKDSSLSWLNASWFRGLG
NLRVLDLSENFLYKCITKTEAFQGLTOLRKLNLSFNYQK
RVSFAHLSLAPSFGSLVALKELDMHGIFFRSLDETTLRPL
ARLPMLOTLRLOMNFINQAQLGIFRAFPGLRYVDLSDN

RISGASELTATMGEADGGEK VWLQPGDLAPAPVDTPSS
EDFRPNCSTLNFTLDLSRNNLVTVOPEMFAQLSHLOCLR
LSHNCISQAVNGSQFLPLTGLQVLDLSHNKLDLYHEHSF
TELPRLEALDLSYNSQPPGMOGYGHNFSFVAHLRTLRH
LSLAHNNIHSQVSQOLCSTSLRALDFSGNALGHMWAEG
DLYLHFFQGLSGLIWLDLSQNRLHTLLPOTLRNLPKSLO
VLRLRDNYLAFFKWWSLHFLPKLEVLDLAGNQLKALT
NGSLPAGTRLRRLDVSCNSISFVAPGFFSKAKELRELNLS
ANALKTVDHSWFGPLASALQILDVSANPLHCACGAAF

MDFLLEVQAAVPGLPSRVKCGSPGOLOGLSIFAQDLRL

CLDEALSWDCFALSLLAVALGLGVPMLHHLCGWDLW

YCFHLCLAWLPWRGROSGRDEDALPYDAFVVEDKTOS

AVADWVYNELRGOLEECRGRWALRLCLEERDWILPGK

TLFENLWASVYGSRETLFVLAHTDRVSGELRASFITAQ
ORLLEDREDVYVLVILSPDGRRSRYVERLRORLCROSVL
LWPHOPSGORSFWAQLGMALTRDNHHFYNRNFCQGPT
AE

TLRIO | QIBXRS | 81793 MRLIRNIYIFCSIVMTAEGDAPELPEERELMTNCSNMSLR | 39
KVPADLTPATTTLDLSYNLLFOLOSSDFHSVSKLRVLILC
HNRIQQLDLKTFEFNKELRYLDLSMNRLESVIWYLLAG
LRYLDLSFNDFDTMPICEEAGNMSHLEILGLSGAKIQKS
DFQKIAHLHLNTYFLGFRTLPHYEEGSLPILNTTKLHIVL
PMDTNFWVLLREDGIK TSKILEMTNIDGKSQFVSYEMOR
NLSLENAKTSVLLLNKVDLLWDDLFLILOFVWHTSVEH
FOIRNVTFGGKAYLDHNSFDY SNTVMRTIKLEHVHFRY
FYIQQODKIVLLLTKMDIENLTISNAQMPHMLFPNYPTKF
YLNFANNILTDELFKRTIQLPHLE TLILNGNKLETLSLY
SCFANNTPLEHLDLSONLLQHKNDENCSWPETVVNMN
LSYNKLSDSVFRCLPK SIQILDLNNNQIQTVPKETIHLMA
LRELNIAFNFLTDLPGCSHFSRLSVLNIEMNFILSPSLDFY
OSCOEVKTLNAGRNPFROTCELKNFIQLETYSEVMMYVG
W‘%D<}YT(*EYPLNLRGTRLKDVHLHELSCNTIXLUVHVV

TTQEQLI\RT\ VRFH AF I‘)Y“sFHDc}LW VKNELIPNLEKEDG
SILICLYESYFDPGK SISENTVSFIEK SYK SIFVLSPNEFYVON
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EWCHYEFYFAHHNLFHENSDHOLILLEPIPFYCIPTRYHE
LKALLEKKAYLEWPKDRRKCGLFWANLRAAINVNVLA
TREMYELQTFTELNEESRGSTISLMRETDCL

{80145] In some embodiments, the TLR polypeptides induce increased cytoxicity against target
cells by the modified immune cell, such as increased by at least about any one of 10%, 20%, 30%,
40%, 2 fold, 4 fold, © fold, or more, compared to a modified immune cell not comprising said TLR
receptor domains. In some embodiments, the TLR receptor domains induce increased cytoxicity
against target cells by the modified immune cell, such as increased by nor more than about any one
of 6 fold, 4 fold, 2 fold, 40%, 30%, 20%, 10%, or less, compared to a modified immune cell not
comprising said TLR receptor domains. In some embodiments, cytoxicity 15 measured by Lactate
dehydrogenase (LDH) cytoxicity assays and/or co-culture assays with target tumor cells. In some
embodiments, the cytoxicity and tumor cell killing capability 1s measured 1n a cell-based assay. In
some embodiments, the cytoxicity and tumor cell killing capability are measured in vivo.

{00146] In some embodiments, the TLR polypeptides induce a reduced level of inflammatory
cytokine secretion by the modified immune cell such as reduced by at least about any one of 10%,
20%, 30%, 40%, 2 fold, 4 fold, & fold, & fold, 10 fold, 12 fold, 14 fold, 16 fold, 18 fold, 20 fold, 30
fold, 50 fold, 100 fold, 200 fold, 300 fold, 1000 fold, or more, compared to a modified immune cell
not comprising said TLR receptor domains. In some embodiments, the TLR polypeptides induce a
reduced level of inflammatory cytoking secretion by the modified immune cell, such as reduced by
no more than about any one of 1000 fold, 500 fold, 200 fold, 100 fold, 50 fold, 30 fold, 20 fold, 18
fold, 16 fold, 14 fold, 12 fold, 10 fold, 8 fold, 6 fold, 4 fold, 50%, 40%, 30%, 20%, 10% or less,
compared to a modified immune cell not comprising said TLR polypeptides. In some embodiments,
the TLR polypeptides induce a reduced level of inflammatory cytokine secretion by the modified
immune cell, such as reduced by between about any of 10%-50%, 2-1000 fold, 2-50 fold, 50-100
fold, 100-1000 fold, 50-500 fold, 10-100 fold, 10-50 fold, or 50-200 fold, compared to a modified
ummune cell not comprising said TLR polypeptides. Exemplary inflammatory cytokines include, but
are not limnited to, e.g., IFN-y, TNF-a, and GM-CSF. In some embodiments, secretion levels of
mflammatory cytokines are measured by in serum tmmunocassays, such as enzyme-linked

immunosorbent assay (ELISA), chemiluminescent immunoassays (CEA), or flow cytometry. In
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some embodiments, the inflammatory cytokine secretion levels are measured 1n a cell-based assay.
In some embodiments, the inflammatory cytokine secretion levels are measured in vivo.

{00147] In some embodiments, the TLR polypeptide is a co-stimulatory molecule. In some
embodiments, the TLR polypeptide co-stimulatory molecule is an inducible co-stimulatory
molecule, wherein upon binding of a first target binding domain and a second target binding domain
to their corresponding target, a first TLR signaling domain and a second TLR signaling domain
associate with each other to form a TLR signaling motety capable of inducing TLR signaling,
{00148] In some embodiments, the inducible co-stimulatory molecule is connected to an
engineered receptor (e g., any of the engineered receptors described herein) via a self-cleaving
peptide, such as P2A. In some embodiments, the engineered receptor is a chimeric antigen receptor
(CAR). In some embodiments, the TLR polypeptide comprises a transmembrane domam and a
signaling domain. In some embodiments, the TLR polypeptide s a co-stimulatory molecule and
comprises a TLR transmembrane domain and a TLR signaling domain. In some embodiments, the
signaling domain 1s an mitracetlular domamn, such as an intracellular signaling domam. In some
embodiments, the TLR polypeptide comprises: {a) target binding domain, (b} a transmembrane
domain; and (¢} a signaling domain (e.g., an ntracellular signabing domain). Optionally, the TLR
polypeptide further comprises a signaling peptide.

[00149] In some embodiments, the TLR polypeptide comprises a transmembrane domain that 1s
directly or mdirectly fused to the TLR signaling domain. In some embodiments, the TLR
polypeptide comprises a transmembrane domain that is directly or indirectly fused to a target
binding domain {e.g., a first target binding domain and/or a second target binding domain}. In some
embodiments, TLR polypeptide comprises a transmembrane domain that 18 directly or indirectly
fused to both a target binding domain and a TLR signaling domain. In some embodiments, the TLR
polypeptide comprises a TLR transmembrane domain from a TLR molecule. In some embodiments,
the TLR molecule is selected from the group consisting of TLR1, TLRZ, TLR3, TLR4, TLRS,
TLRo, TLR7, TERE, TLRY, and TLR10. In some embodiments, the TLR transmembrane domain is
derived from TLR1. In some embodiments, the TLR transmembrane domain is derived from TLR2.
In some embodiments, the TLR transmembrane domain is derived from TLR4. In some

embodiments, the TLR transmembrane domain is derived from TLR6.
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{00150] In some embodiments, the modified immune cell comprises a first polypeptide and a
second polypeptide. In some embodiments, the first polypeptide comprises a first target binding
domain, a first TLR transmembrane domain, and a first TLR signaling domain. In some
embodiments, the second polypeptide comprises a second target binding domain, a second TLR
transmembrane domain, and a second TLR signaling domain.

{80151] In some embodiments, the first TLR transmembrane domain and the first TLR signaling
domain are derived from the same TLR molecule. In some embodiments, the first TLR
transmembrane domain and/or the first TLR signaling domain are derived from the group consisting
of TLR1, TLRZ, TLR3, TLR4, TLRS, TLR6G, TLR7, TLRB TLR® and TLRI0O. In some
embodiments, the first TLR transmembrane domain and/or the first TLR signaling domain are
derived from the group consisting of TLR1, TLR2, TLR4, and TLRG. In some embodiments, the
first TLR transmembrane domain and/or the first TLR signaling domain are derived from TLR1. In
some embodiments, the first TLR transmembrane domain and/or the first TLR signaling domain are
dertved from TLR4,

[80152] In some embodiments, the second TLR transmembrane domain and the second TLR
signaling domain are derived from the same TLR molecule. In some embodiments, the second TLR
transmembrane domain and/or the second TLR signaling domain are derived from the group
consisting of TLRY, TLRZ, TLR3, TLR4, TLRS, TLR6, TER7, TLR3, TLRY, and TLR10. In some
embodiments, the second TLR transmembrane domain and/or the second TLR signaling domain are
derived from the group consisting of TLRI, TLR2, TLR4, and TLRS. In some embodiments, the
second TLR transmembrane domain and/or the first TLR signaling domain are derived from TLR2.
{00153] In some embodiments, the first TLR transmembrane domain and the second TER
transmembrane domain are the same. In some embodiments, the first TLR transmembrane domain
1s derived from TLR1, and the second TLR transmembrane domain is derived from TLR1. In some
embodiments, the first TLR transmembrane domain is derived from TLR2, and the second TLR
transmembrane domain is derived from TLRZ2. In some embodiments, the first TLR transmembrane
domain 1s denived from TLR4, and the second TLR transmembrane domain is derived from TLR4.
In some embodiments, the first TLR transmembrane domain is derived from TLR6, and the second

TLR transmembrane domain 15 derived from TLRSG.
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{00154] In some embodiments, the first TLR signaling domain and the second TLR signaling
domain are the same. In some embodiments, the first TLR signaling domain 1s derived from TLRI,
and the second TLR signaling domain 1s derived from TLRI. In some embodiments, the first TLR
signaling domain 1s derived from TLR2, and the second TLR signaling domain is derived from
TLR2. In some embodiments, the first TLR signaling domain 1s derived from TLR4, and the second
TLR signaling domain is derived from TLR4. In some embodiments, the first TLR signaling
domain 1s derived from TLRG, and the second TLR signaling domain 1s derived from TLR6.
{00155] In some embodiments, the first TLR transmembrane domain and the second TER
transmembrane domain are different. In some embodiments, the first TLR transmembrane domain is
dertved from TLR2, and the second TLR transmembrane domam s derived from TLR L. In some
embodiments, the first TLR signaling domain and the second TLR signaling domain are different.
In some embodiments, the first TLR signaling domain is derived from TLR2, and the second TLR
stgnaling domamn s derived from TLR1. In some embodiments, the first TLR transmembrane
domain is derived from TLR2, the first TLR signaling domam s denived from TLR2, the second
TLR transmembrane domain is derived from TLR1, and the second TLR signaling domain 1s
dertved from TLR1.

{88136] In some embodiments, the TLR polypeptides described herem comprise a target binding
domam. In some embodiments, the target binding domamn 1s not derived from a receptor or a higand.
In some embodiments, the first polypeptide and the second polypeptide are not derved from TGER.
in some embodimenis, the first polypeptide and the second polypeptide are not TGFB. In some
embodiments, the first polypeptide and the second polypeptide do not comprise TGFB extracellular
domains. In some embodiments, the first polypeptide and the second polypeptide do not comprise
an extraceliular TGFP-binding domain of a TGF (e.g., TGFPR1 and/or TGFER2). In some
embodiments, the target binding domain does not comprise the extracellular TGFB-binding domain
of TGEFPR1. In some embodiments, the target inding domain does not comprise the extracelinlar
TGFB-tinding domain of TGFPRZ. In some embodiments, the target binding domain is not

an extracetiular TGFP-binding domain. in some embodiments, the target binding domain is not the
extracellular TGFB-binding domain of TGFPR2. In some embodiments, the target binding domain is
not the extracetiular TGFB-binding domain of TGFPRIL In some embodimenis, the TLR polypeptide

{e.g., the first polypeptide and/or the second polypeptide) is not a chimeric TGFB receptor CTBR
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signal converter described i WOZ018/094244 A1, which 13 incorporated herein by reference in i
entirety.
{00157] In some embodiments, the modified immune cells provided hergin comprise a first and
second TLR polypeptide, wherein the first TLR polypeptide comprises a first target binding domain
and the second TLR polypeptide comprises a second target binding domain. In some embodiments,
the first target binding domain and the second target binding domain are the same. In some
embodiments, the first target binding domain and the second target binding domain are different.
{00158] In some embodiments, the target binding domain of the TLR polypeptide 1s an antibody or
an antibody fragment, such as a scFv, a Fv, a Fab, a (Fab’)z, a single domain antibody (sdAb), ora
VuH doman. In some embodiments, the polypeptide is a ligand or an extracellular portion of a
receptor that to a target molecule. In some embodiments, the target molecule 15 a tumor antigen. In
some embodiments, the target binding domain of the TLR polypeptide specifically binds to a single
tumor antigen. In some embodiments, the tumor antigen 1s selected from the group consisting of
CD19, BOMA, NY-ESO-1, VEGFR2, MAGE-A3, CD20, CD22, CD33, CLLI, CD38, CEA, EGFR
{such as EGFRvIHI}, GD2, HERZ2, IGFIR, mesothelin, PSMA, ROR1T, WT1, and other tumor
antigens with chinical significance, and combinations thereof. In some embodiments, the TLR
polypeptide specifically binds to a target antigen selected from the group consisting of NKG2D,
FPROSD, BCMA, NY-ESO-1, VEGFR2, MAGE-A3, AFP, CD4, CD19, CD20, CD22, CD30,
CD33, CD38, CD70, CD123, CEA, EGFR (such as EGFRvI), GD2, GPC-2, GPC3, CLDNIB.2,
HER2, LILRB4, HL-13Ra2, IGF1R, mesothelin, PSMA, ROR1, WT1, NKG2ZD, CLL1, TGFaR1],
TGFBbRII, CCRS, CXCR4, CCR4, HPV related antigens, and EBV related antigens {e.g., LMP1 or
LMP2). In some embodiments, the target binding domain specifically binds to CD33, CLLI,
(D123, CD19, CD20, CD22, BCMA, NKG2D, GPRCSD, or GPC3.
{00159] In some embodiments, the target molecule is an immune checkpoint protein. In some
embodiments, the target molecule is selected from the group consisting of PD-1, {D70, CD27,
SIRPo, and TIGIT.
{00166] In some embodiments, the target molecule 15 a natural protein expressed on immune cells.
In some embodiments, the target molecule is NKG2D. In some embodiments, the target molecule is
mutated NKG2D. In some embodiments, the mutated NKGZD comprises a truncated sequence

and/or an amino acid substitution, mutation, addition, and/or deletion. In some embodiments, the
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target molecule is an extracellular antigen binding domain of NKG2D (also referred to herein as
“NEKG2D ECD”}. In some embodiments, the target molecule 1s full-length sequence of NKG2D. In
some embodiments, the NKG2D comprises an amino acid seugnece having at least about 85% (e.g.,
at least about any one of 86%, 7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or higher) sequence identity to SEQ ID NO: 54. In some embodiments the second polypeptide
comprises SEQ 1D NO: 54, In some embodiments, the NKG2D comprises the amino acids at
positions §1-216 of the full-length sequence of the ECD of NKG2D (SEQ ID NO: 34). In some
embodiments, the NKG2D comprises an amino acid seugnece having at least about 5% (e.g., at
least about any one of 8%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or higher) sequence identity to SEQ ID NO: 51, In some embodiments the second polypeptide
comprises SEQ ID NG: 531, In some embodiments, the NKG2D comprises the amino acids at
positions 89-216 of the full-length sequence of the ECD of NKG2D (SEQ ID NO: 54). In some
ernbodiments, the NKG2D comprises an amino acid seugnece having at least about 85% (e.g., at
ieast about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or higher) sequence identity to SEQ ID NO: 52. In some embodiments the second polypeptide
comprises SEQ 1D NO: 52, In some embodiments, the NKG2D comprises the amino acids at
positions 98-216 of the full-length sequence of the ECD of NKG2D (SEQ ID NO: 54). In some
embodiments, the NKG2D comprises an amino acid seugnece having at least about 85% {e.g., at
least about any one of 86%, 87%, 88%, 89%, 90%, %1%, 92%, 93%, 94%, 95%, 96%, 7%, 98%,
99%, or higher) sequence identity to SEQ ID NG: 53, In some embodiments the second polypeptide
comprises SEQ 1D NO: 53

{00161] In some embodiments, the TLR polypeptide further comprises a signal peptide that targets
the TLR polypeptide to the secretory pathway of the cell {e.g., ER} and will allow for mtegration
and anchoring of the TLR polypeptide into the lipid bilayer of the host cell. Signal peptides
mcluding signal sequences of naturally occurring proteins or synthetic, non-naturally occurring
signal sequences, which are compatible for use in the TLR polypeptides described herein will be
evident to one of skill in the art. In some embodiments, the signal peptide 1s dertved from a
molecule selected from the group consisting of CD8a, GM-CSF receptor a, IL-3, and IgGl heavy

chain. In some embodiments, the signal peptide 1s derived from CD8a.
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{00162] The TLR polypeptide may comprise one or more peptide linkers disposed between
different domains. For example, the target binding domain and the TLR transmembrane domain
and/or the TLR transmembrane domain and the TLR signaling domain can be fused to each other
via a peptide bond or via a peptide hinker. The peptide hinkers connecting different domains may be
the same or different. Each peptide linker can be optimized individually. The peptide hinker can be
of any suitable length. In some embodiments, the peptide linker is at leastaboutany of 1, 2, 3, 4, 5,
6,7,8,9, 10, 11,12, 13,14, 15,16, 17, 18, 19, 20, 25, 30, 35, 40, 50 or more amino acids long. In
some embodiments, the peptide linker i1s no more than about any of 50, 40, 35, 30, 25, 20, 19, 18,
7,16, 15, 14,13, 12,11, 10,9, 8, 7, 6, 5 or fewer amino acids long. In some embodiments, the
length of the peptide linker 15 any of about | ammo acid to about 10 ammo acids, about | amino
acids to about 20 amino acids, about 1 amino acid to about 30 amino acids, about 5 amino acids to
about 15 amino actds, about 10 amino acids to about 25 amino acids, about S amino acids to about
30 amino acids, about 10 amimo acids to about 30 armimo acids long, about 30 amino acids to about
50 amino acids, or about 1 amine acid to about 50 amino acids.
{80163] The peptide linker may have a naturally cccurring sequence, or a non-naturally occurring
sequence. In some embodiments, the peptide hinker is a flexible linker. Exemplary flexible hinkers
melude glycime polymers {Gh, glycine-serine polymers (inchuding, for example, (GSh (SEQ ID
NO: 27, (GSGGS) (SEQ 1D NG: 28) and (GGGSI (SEQ ID NG: 29), where u 15 an integer of at
least one), glycine-alanine polymers, alanine-serine polymers, and other flexible hinkers known
the art. In some embodiments, the peptide linker has the amino acid sequence of SEQ ID NO: 25 or
26,
{00164] In some embodiments, the TLR polypeptide comprises a transmembrane domain and a
signaling domain derived from the same TLR molecule. In some embodiments, the TLR
polypeptide comprises a TLR1 transmembrane domain and a TLR1 signaling domain. In some
embodiments, the TLR polypeptide comprises a TLR2 transmembrane domain and a TLR2
signaling domain. In some embodiments, the TLR polypeptide comprises a TLR4 transmembrane
domain and a TLR4 signaling domain. In some embodiments, the TLR polypeptide comprises a
TLRO transmembrane domain and a TLR6 signaling domain. In some embodiments, the TLR
polypeptide further comprises a signal peptide (e.g., leader sequence). In some embodiments, the

TLR polypeptide further comprises an intracellular domain of a cytokine receptor.
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{00165] In some embodiments, the TLR polypeptide comprising a transmembrane domain and a
signaling domain derived from the same TER molecule further comprises a target binding domain.
In some embodiments, the target binding domain 1s a scFv or sdAb that specifically binds to
NKG2ZD, CD33, CLL1, CD123, CPB19, CD20, CD22, BOMA, GPRCSD, or GPC3. In some
embodiments, the TLR polypeptide comprising a transmembrane domain and a signaling domain
derived from the same TLR molecule further comprises a target binding domain that specifically
binds to CD33. In some embodiments, the TLR polypeptide comprising a transmembrane domain
and a signaling domain derived from the same TLR molecule further comprises a target binding
domain that specifically binds to the ¥V domain of CD33. In some embodiments, the TLR
polypeptide comprises a TLRZ transmembrane domain, a TLR2 signaling domain derived, and a
target binding domain that specifically binds to the V domain of CD33. In some embodiments, the
TLR polypeptide comprising a transmembrane domain and a signaling domain derived from the
same TLR molecule further comprises a target binding domain that specifically binds to the C2
domain of CD33. In some embodiments, the TLR polypeptide comprises a TLR1 transmembrane
domain, 38 TLR1 signaling domain derived, and a target binding domain that specifically binds to the
C2 domain of CD33. In some embodiments, the TLR polypeptide comprises a transmembrane
domain and a signaling domain derived from the same TLR molecule further comprises a target
binding domam that specifically binds to CD20. In some embodiments, the TLR polypeptide
comprises a TLR4 transmembrane domain, a TLR4 signaling domain derived, and a target binding
domain that specifically binds to CD20. In some embodiments, the TLR polypeptide comprisesing a
transmembrane domain and a signaling domain derived from the same TLR molecule further
comprises a target binding domain that specifically binds to CD33. In some embodiments, the TLR
polypeptide comprises a TLR4 transmembrane domain, a TLR4 signaling domain derived, and a
target binding domain that specifically binds to CD33. In some embodiments, the TLR polypeptide
comprises a transmembrane domain and a signaling domain derived from the same TLR molecule
further comprises a target binding domain that specifically binds to NKG2D. In some embodiments,
the TLR polypeptide comprises a TLR4 transmembrane domain, a TLR4 signaling domain derived,
and a target binding domain that specifically binds to NKXG2D. In some embodiments, the TLR
polypeptide comprises a transmembrane domain and a signaling domain derived from the same

TLR molecule further comprises a target binding domain that specifically binds to BCMA . In some
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embodiments, the TLR polypeptide comprises a TLR4 transmembrane domain, a TLR4 signaling
domain derived, and a target binding domain that specifically binds to BCMA. In some
embodiments, the TLR polypeptide comprises a transmembrane domain and a signaling domain
derived from the same TLR molecule further comprises a target binding domain that specifically
binds to GPRCSD. In some embodiments, the TLR polypeptide comprises a TLR4 transmembrane
domain, a TLR4 signaling domain derived, and a target binding domain that specifically binds to
GPRCSD. In some embodiments, the TLR polypeptide further comprises a signal peptide (e.g., a
leader sequence).

{00166] In some embodiments, the TLR polypeptide further comprises an intracellular domain of a
cytokine receptor. In some embodiments, the TLR polypeptide comprises two or more intraceullar
domains of cytokine receptor(s). In some embodiments, the C-terminus of the intraceullar domain of
the cytokine receptor s fused to the N-terminus of the TLR signaling domain. In some
ernbodiments, the C-terminus of the intraceullar domain of the cytokine receptor 1s directly fused to
the N-terminus of the TLR domain. In some embodiments, the C-terminus of the miraceullar
domain of the cytokine receptor 1s indirectly fused to the N-termunus of the TLR domain, such as
via a hinker {e.g., via a flexible peptide hinker) or via another domain. In some embodiments, the
TLR polypeptide comprises from the N-terminus to the C-terminus: 1) a target binding domain, 1t)
an mtracellular domain of a cytokine receptor, 111) TLR transmembrane domain, and vy a TLR
stgnaling domain,

{00167] In some embodiments, the N-terminus of the intraceullar domain of the cytokine receptor
is fused to the C-terminus of the TLR signaling domain. In some embodiments, the N-terminus of
the intraceullar domain of the cytokine receptor s directly fused to the C-terminus of the TLR
signaling domain. In some embodiments, the N-terminus of the intraceullar domain of the cytokine
receptor 18 indirectly fused to the C-terminus of the TLR signaling domain, such via a linker {e.g.,
via a flexible peptide linker) or via another domain. In some embodiments, the TLR polypeptide
comprises from the N-terminus to the C-terminus: 1} a target binding domain, 1) TLR
transmembrane domain, 111} a TLR signaling domain, and iv) an intracellular domain of a cytokine
receptor.

{00168] In some embodiments, the cyvtokine receptor-derived intracellular domam confers

mnproved TLR signaling {e g., anti-tumor effects) of the TLR polypeptide(s). In some embodiments,
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the cytokine receptor-derived intracellular domain is selected from group consisting of a GM-CSF
receptor, an 1L.-18 receptor, an [L-21 receptor, an IL-15 receptor, and an IL-23 receptor. In some
embodiments, the cytokine receptor-derived intraceliular domain comprises an immunoreceptor
tyrosine-based activation motif (ITAM).

{00169] The modified immune cells described herein comprise a first TLR polypeptide and a
second TLR polypeptide. In some embodiments, the first TLR polypeptide further comprises a first
miracellular domain of a first cytokine receptor. In some embodiments, the second polypeptide
further comprises a second intraceliular domain of a second cytokine receptor. In some
embodiments, the first polypeptide further comprises a first intracetlular domain of a first cytokine
receptor and the second polypeptide further cormprises a second intracellular domain of a second
cytokine receptor. In some embodiments, the first intracellular domain of a first cytokine receptor
and the second mtracellular domain of a second cytokine receptor are the same. In some
embodiments, the first intracellular domain of a first cytokine receptor and the second intracellular
domaim of a second cytokine receptor are different. Tn some embodiments, the first cytokine
receptor 1s selected from the group consisting of a GM-CSF receptor, an IL-18 receptor, an [L-21
receptor, an IL-15 receptor, and an TL-23 receptor. In some embodiments, the second cytokine
receptor 1s selected from the group consisting of a GM-CSF receptor, an IL-18 receptor, an [L-21
receptor, an IL-15 receptor, and an TL-23 receptor. In some embodiments, the first cytokine receptor
and the second cytokine receptor are each selected from the group consisting of a GM-CSF
receptor, an 1L-18 receptor, an 1L.-21 receptor, an IL-15 receptor, and an 1L-23 receptor. In some
embodiments, the first intracellular domain of the first cytokine receptor comprise an
immunoreceptor tyrosine-based activation motif (ITAM). In some embodiments, the second
mtracellular domam of the second cytokine recepior comprise an immunoreceptor tyrosine-based
activation motitf (ITAM). In some embodiments, the first intracellular domain of the first cytokine
receptor and the second mtracellular domain of the second cytokine receptor comprise an
immunoreceptor tyrosine-based activation motif (ITAM). In some embodiments, the C-terminus of
the first intraceliular domain of the first cytokine receptor 1s fused to the N-terminus of the first TLR
signaling domain. In some embodiments, the C-terminus of the second mtracelular domain of the
second cytokine receptor 1s fused to the N-terminus of the second TLR signaling domain. In some

embodiments, the C-terminus of the first intracellular domain of the first cytokine receptor is fused
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to the N-terminus of the first TLR signaling domain; and, the C-terminus of the second intraceliular
domain of the second cytokine receptor is fused to the N-terminus of the second TLR signaling
domain. In some embodiments, the N-terminus of the {irst intraceliular domain of the first cytokine
receptor is fused to the C-terminus of the TLR signaling domain. In some embodiments, the N-
terminus of the second intracellular domain of the second cytokine receptor 1s fused to the C-
terminus of the TLR signaling domain. In some embodiments, the N-terminus of the first
mtracellular domain of the first cytokine receptor is fused to the C-terminus of the TLR signaling
domain; and, the N-terminus of the second intracellular domain of the second cytokine receptor 1s
fused to the C-terminus of the TLR signaling domain.

{00176} In some embodiments, the TLR polypeptides described herein are comprised in a modified
immune cell In some embodiments, the modified immune cell comprises a CAR system (e.g., a
CAR fusion construct), wherein the CAR fusion construct comprises an anti-CD19 CAR molecule
and anti-CD20 TLR polypeptides. In some embodiments, each of the first polypeptide and the
second polypeptide comprises from the N-terminus to the C-terminus: a signal peptide, an anti-
D20 scFv, a TLR4 transmembrane domam, and a TLR4 signaling domain {e.g., the cytoplasmic
portion of TLR4). In some embodiments, the modified immune cell expresses an anti-CD19 CAR.
In some embodiments, the anti-CD19 CAR comprises from the N-termunus to the C-terminus: a
signal peptide, an anti-CD19 scFv, a CD8u hinge domamn, a CD8qa transmembrane { TM) domain,
the cytoplasmic portion of the 4-1BB (CD137} co-stimulatory signaling domain, and a CD3(
primary intracellular signaling domain. In some embodiments, the anti-CD19 CAR comprises an
aming acid sequence having at least about 85% (e.g., at least about any one of 86%, 87%, 88%,
89%, 90%, 1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ
ID NO: 2. In some embodiments, the anti-CD19 CAR comprises SEQ ID NO: 2. In some
embodiments, each of the first polypeptide and the second polypeptide comprises an amino acid
sequence having at least about 85% {e.g., at least about any one of 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ ID NG: 40.
In some embodiments, each of the first polypeptide and the second polypeptide comprises SEQ D
NG: 40. In some embodiments, the CAR fusion construct comprises, from the N-terminus to the C-
terminus: a signal peptide, an anti-CD19 scFv, a CD8a hinge domain, a CD8g transmembrane (TM)}

domain, the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a
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CD3{ primary intracellular signaling domain, a PZA cleavage stte, a signal peptide, an anti-CD20
scFv, a TLR4 transmembrane (TM) region, and the cytoplasmic portion of TLR4 (e.g., TLR4
primary intracellular signaling domain). In some embodiments, the CAR fusion construct comprises
an amino acid sequence having at least about 85% (e.g., at least about any one of 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher} sequence identity to SEQ
ID NO: 1. In some embodiments the CAR fusion construct comprises SEQ ID NO: 1. In some
embodiments, the TLR polypeptide coding sequence lacks the sequences of some or all of the
putative upstream start codons. In some embodiments, the TLR polypeptide may comprise certain
amino acid mutations without effect on the association between a first TLR signaling domain and a
second TLR signaling domamn to form a TLR signaling moiety, thereby without effect on the
induction of TLR signaling.

{00171} In some embodiments, the modified immune cell comprises a CAR system {e.g., a CAR
fusion construct), wherein the CAR fusion construct comprises an anti-CD 19 CAR molecule and
anti-NKG2D TLR polypeptides. In some embodiments, each of the first polypeptide and the second
polypeptide comprises from the N-terminus to the C-terminus: a signal peptide, an anti-NKG2D
ECD, a TLR4 transmembrane domain, and a TLR4 signaling domain {e.g., the cytoplasmic portion
of TLR4). In some embodiments, the modified immune cell expresses an anti-CD 19 CAR. In some
embodiments, the anti-CD19 CAR comprises from the N-terminus to the C-terminus: a signal
peptide, an anti-CD9 scFv, a CD8a hinge domain, a CD8a transmembrane {TM) domain, the
cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3( primary
mtracellular signaling domain. In some embodiments, the anti-CD19 CAR comprises an amino acid
sequence having at least about 85% (e.g., at least about any one of 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher} sequence identity to SEQ 1D NG: 2.
In some embodimenis, the anti-CD19 CAR comprises SEQ 1D NG: 2. In some embodiments, each
of the first polypeptide and the second polypeptide comprises an aming acid sequence having at
least about 85% (e.g., at least about any one of 86%, 87%, 88%, §9%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ 1D NG: 40. In some embodiments,
each of the first polypeptide and the second polypeptide comprises SEQ 1D NO: 40. In some
embodiments, the CAR fusion construct comprises, from the N-terminus to the C-terminus: a signal

peptide, an anti-CD19 scFv, a CD¥a hinge domain, a CD8a transmembrane (TM) domain, the
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cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3( primary
mtracellular signaling domain, a P2A cleavage site, a signal peptide, an anti-NKG2ZD ECD, a TER4
transmembrane {TM) region, and the cytoplasmic portion of TLR4 (e.g., TLR4 primary intracellular
signaling domain). In some embodiments, the CAR fusion construct comprises an amino acid
sequence having at least about 83% (e.g., at least about any one of 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ [D NO: 59.
In some embodiments the CAR fusion construct comprises SEQ DD NO: 59. In some embodiments,
the CAR fusion construct comprises, from the N-terminus to the C-terminus: a signal peptide, an
anti-CD19 scFv, a CD8a hinge domain, a CD8« transmembrane (TM} domain, the cytoplasmic
portion of the 4-1BB (CD137) co-stimulatory signaling domaimn, and a CD3{ primary intracellular
signaling domain, a P2A cleavage site, a signal peptide, an anti-NKG2D ECD, a CD8u hinge
domain, a TLR4 transmembrane {(TM) region, and the cytoplasmic portion of TLR4 {e.g., TLR4
primary intracellular signaling domain). In some embodiments, the CAR fusion construct comprises
an amino acid sequence having at least about 835% {e.g., at least about any one of 86%, 87%, 88%,
&9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher} sequence identity to SEQ
ID NO: 60. In some embodiments the CAR fusion construct comprises SEQ 1D NO: 60. In some
embodiments, the TLR polypeptide coding sequence lacks the sequences of some or all of the
putative upstream start codons. In some embodiments, the TLR polypeptide may comprise certain
amine acid mutations without effect on the association between a fuirst TLR signaling domam and a
second TLR signaling domain to form a TLR signaling moiety, thereby without effect on the
mduction of TLR signaling.

{00172] In some embodiments, the modified immune cell comprises a CAR system {e.g., a CAR
fuston construct), wherein the CAR fusion construct comprises an antt-GPC3 CAR molecule and
anti-NKG2D TLR polypeptides. In some embodiments, each of the first polypeptide and the second
polypeptide comprises from the N-terminus to the C-terminus: a signal peptide, an anti-NKGZD
ECD, a TLR4 transmembrane domain, and a TLR4 signaling domain {e.g., the cytoplasmic portion
of TLR4). In some embodiments, the modified immune cell expresses an anti-GPC3 CAR. In some
embodiments, the anti-GPC3 CAR comprises from the N-terminus to the C-terminus: a signal
peptide, an anti-GPC3 scFv, a CD8g hinge domain, a D8y transmembrane {TM)} domain, the

cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3( primary
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mtracellular signaling domain. In some embodiments, the anti-GPC3 CAR comprises an amino acid
sequence having at least about 85% {e.g., at least about any one of 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ ID NG 56.
In some embodiments, the anti-GPC3 CAR comprises SEQ D NO: 56. In some embodiments, each
of the first polypeptide and the second polypeptide comprises an amino acid sequence having at
least about 85% (e.g., at least about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ ID NO: 40. In some embodiments,
each of the first polypeptide and the second polypeptide comprises SEQ 1D NG: 40. In some
embodiments, the CAR fusion construct comprises, from the N-terminus to the C-terminus: a signal
peptide, an anti-GPC3 scFv, a CD8a hinge domain, a CD8u transmembrane (TM) domain, the
cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3( primary
intracellular signaling domain, a P2A cleavage site, a signal peptide, an anti-NKG2D ECD, a TLR4
transmembrane {TM) region, and the cytoplasmic portion of TLR4 (e.g., TLR4 primary intracellular
signaling domain). In some embodiments, the CAR fusion construct comprises an amino acid
sequence having at least about 85% {e.g., at least about any one of 86%, 87%, 88%, 8§9%, 50%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ ID NG 57.
In some embodiments the CAR fusion construct comprises SEQ ID NO: 57, In some embodiments,
the CAR fusion construct comprises, from the N-terminus to the C-termunus: a signal peptide, an
anti-GPC3 scFv, a CD 8¢ hinge domain, a CD8a transmembrane (TM) domain, the cytoplasmic
portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3{ primary intracellular
signaling domain, a P2A cleavage site, a signal peptide, an anti-NKG2D ECD, a CD8a hinge
domain, a TLR4 transmembrane {TM) region, and the cytoplasmic portion of TLR4 {e.g., TLR4
primary intracellular signaling domain). In some embodiments, the CAR fusion construct comprises
an amino acid sequence having at least about 85% {e.g., at least about any one of 86%, 87%, &8%,
&9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ
ID NO: 58, In some embodiments the CAR fusion construct comprises SEQ D NO: 58, In some
embodiments, the TLR polypeptide coding sequence lacks the sequences of some or all of the
putative upstream start codons. In some embodiments, the TLR polypeptide may comprise certain

amino acid mutations without effect on the association between a first TLR signaling domam and a
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second TLR signaling domain to form a TLR signaling moiety, thereby without effect on the
mduction of TLR signaling.

{00173] In some embodiments, the TLR polypeptides described herein are comprised in a modified
mmune cell In some embodiments, the modified immune cell comprises a CAR system {e.g., a
CAR fusion construct), wherein the CAR fusion construct comprises an anti-CLE1 CAR molecule
and anti-CD33 TLR polypeptides. In some embodiments, each of the first polypeptide and the
second polypeptide comprises from the N-terminus to the C-terminus: a signal peptide, an anti-
D33 sdAb, a TLR4 transmembrane domain, and a TLR4 signaling domain (e.g., the cytoplasmic
portion of TLR4). In some embodiments, the modified immune cell expresses an anti-CLL1 CAR.
In some embodiments, the anti-CLL1 CAR comprises from the N-terminus to the C-terminus: a
signal peptide, an anti-CLL1I sdAb, a CD8o hunge domamn, a CD8a transmembrane {TM) domain,
the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3(
primary intracellular signaling domain. In some embodiments, the CAR fusion construct comprises,
from the N-terminus to the C-terminus: a signal peptide, an anti-CLL1 sdAb, a CD8a hinge domain,
a CD8q transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB (CD137) co-
stimulatory signaling domain, and a CD3( primary intracellular signaling domain, a P2ZA cleavage
site, a signal peptide, an anti-CD33 sdAb, a TLR4 transmembrane (TM) region, and the cytoplasmic
portion of TLR4 (e.g., TLR4 primary mtracellular signaling domain). In some embodiments, the
CAR fusion construct comprises an anuno acid sequence having at least about 83% (e.g., at least
about any one of §6%, §7%, 88%, 83%, 90%, 91%, 92%, 93%, 94%, 95%, 9%, 97%, 98%, 99%,
or higher) sequence identity to SEQ ID NG: 71 In some embodiments the CAR fusion construct
comprises SEQ 1D NG: 71, Tn some embodiments, the TLR polypeptide coding sequence lacks the
sequences of some or all of the putative upstream start codons. In some embodiments, the TLR
polypeptide may comprise certain amine acid mutations without effect on the association between a
first TLR signaling domain and a second TLR signaling domain to form a8 TLR signaling moiety,
thereby without effect on the induction of TLR signaling.

{00174] In some embodiments, the modified immune cell comprises a CAR system {e.g., a CAR
fusion construct), wherein the CAR fusion construct comprises an anti-BCMA CAR molecule (e.g.,
a single anti-BCMA CAR or a tandem anti-BCMA CAR) and anti-BCMA TLR polypeptides. In

some embodiments, each of the first polypeptide and the second polypeptide comprises from the N-
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terminus to the C-terminus. a signal peptide, a single anti-BCMA sdAb, a TLR4 transmembrane
domain, and a TLR4 signaling domain {e.g., the cytoplasmic portion of TER4). In some
embodiments, the anti-BCMA CAR comprises from the N-terminus to the C-terminus: a signal
peptide, a single anti-BCMA sdAb, a CD8a hinge domain, a CD8g transmembrane (TM} domain,
the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3(
primary intracellular signaling domain. In some embodiments, the anti-BCMA CAR comprises an
amino acid sequence having at least about 85% {e.g., at least about any one of 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ
ID NG: 67. In some embodiments, the anti-BCMA CAR comprises SEQ ID NO: 67 In some
embodiments, the anti-BCMA CAR comprises from the N-terminus to the C-ternunus: a signal
peptide, a tandem anti-BCMA sdAb, a CD8ag hinge domain, a CD8a transmembrane {(TM) domain,
the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3(
primary intracellular signaling domam. In some embodiments, the anti-BCMA CAR comprises an
amino acid sequence having at least about 85% {e.g., at least about any one of 86%, 87%, 88%,
&9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher} sequence identity to SEQ
ID NO: 66. In some embodiments, the anti-BCMA CAR comprises SEQ ID NO: 66. In some
embodiments, each of the first polypeptide and the second polypeptide comprises an amino acid
sequence having at least about 85% (e.g., at least about any one of 86%, 87%, 88%, 89%%, 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ 1D NG: 40,
In some embodiments, each of the first polypeptide and the second polypeptide comprises SEQ ID
NQ: 40. In some embodiments, the CAR fusion construct comprises, from the N-terminus to the C-
terminus. a signal peptide, a single anti-BCMA sdAb, a CD8a hinge domain, a CD8a
transmembrane {TM) domain, the cytoplasmic portion of the 4-1BB {CD137) co-stimulatory
signaling domain, and a CD3( primary intracellular signaling domain, a P2A cleavage site, a signal
peptide, a single anti-BCMA sdAb, a TLR4 transmembrane (TM) region, and the cytoplasmic
portion of TLR4 {e.g., TLR4 primary intracellular signaling domam}. In some embodiments, the
AR fusion construct comprises an amino acid sequence having at least about 85% (e.g., at least
about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or higher) sequence identity to SEQ ID NO: 62, In some embodiments the CAR fusion construct

comprises SEQ ID NG: 62. In some embodiments, the CAR fusion construct comprises, from the

84



WO 2023/020558 PCT/CN2022/113170

N-terminus to the C-terminus: a signal peptide, a single anti-BCMA sdAb, a CD8g hinge domain, a
CD8a transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB (CD137} co-stimulatory
signaling domain, and a CD3( primary intracellular signaling domain, a P2A cleavage site, a signal
peptide, a single anti-BCMA sdAb, CD8g hinge domain, a TLR4 transmembrane (TM) region, and
the cytoplasmic portion of TLR4 {e.g¢., TLR4 primary intracellular signaling domain). In some
embodiments, the CAR fusion construct comprises an amino acid sequence having at least about
85% (e.g., at least about any one of 86%, §87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99%, or higher) sequence identity to SEQ ID NO: 63. In some embodiments the CAR
fusion construct comprises SEQ D NO: 63. In some embodiments, the CAR fusion construct
comprises, from the N-terminus to the C-terminus: a signal peptide, a single anti-BCMA sdAb, a
CD38g hinge domain, a CD8q transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB
(CD137) co-stimulatory signaling domain, and a CD3{ primary intraceliular signaling domain, a
P2A cleavage site, a signal peptide, a single anti-BCMA sdAb, CD28«¢ hinge domain, a TLR4
transmembrane {TM) region, and the cytoplasmic portion of TLR4 (e.g., TLR4 primary intraceltular
stgnaling domain). In some embodiments, the CAR fusion construct comprises an amino acid
sequence having at least about 85% (e.g., at least about any one of 86%, 87%, 88%, 8%%, 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ ID NG 64,
In some embodiments the CAR fusion construct comprises SEQ 1D NG: 64, In some embodiments,
the CAR fusion construct comprises, from the N-terminus to the C-termunus: a signal peptide, a
tandem anti-BCMA sdAb, 3 CD8o hinge domain, a CDBa transmembrane (TM) domain, the
cytoplasmic portion of the 4-1BB (CD 137} co-stimulatory signaling domain, and a CD3( primary
mtracellular signaling domain, a PZA cleavage site, a signal peptide, a tandem anti-BUMA sdAb, a
TLRA4 transmembrane {TM) region, and the cytoplasmic portion of TLR4 {e.g., TLR4 primary
mtracellular signaling domain). In some embodiments, the CAR fusion construct comprises an
aming acid sequence having at least about 85% (e.g., at least about any one of 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher} sequence identity to SEQ
ID NO: 61. In some embodiments the CAR fusion construct comprises SEQ ID NO: 61 In some
embodiments, the TLR polypeptide coding sequence lacks the sequences of some or all of the
putative upstream start codons. In some embodiments, the TLR polypeptide may comprise certain

amino acid mutations without effect on the association between a first TLR signaling domain and a
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second TLR signaling domain to form a TLR signaling moiety, thereby without effect on the
mduction of TLR signaling In some embodiments, the modified immune cell comprises a CAR
system {e.g., a CAR fusion construct), wherein the CAR {uston construct comprises an anti-BOMA
CAR molecule (e.g., a single anti-BCMA CAR or a tandem anti-BCMA CAR}) and anti-GPRCSD
TLR polypeptides. In some embodiments, each of the first polypeptide and the second polypeptide
comprises from the N-terminus to the C-terminus: a signal peptide, an anti-GPRC5D scFv, a TLR4
transmembrane domain, and a TLR4 signaling domain {e.g., the cytoplasmic portion of TER4}. In
some embodiments, the anti-BCMA CAR comprises from the N-terminus to the C-terminus: a
signal peptide, a tandem anti-BCMA sdAb, a CD8a hinge domain, a CD8q transmembrane {(TM)
domain, the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a
CD3L primary intracellular signaling domain. In some embodiments, the anti-BCMA CAR
comprises an amino acid sequence having at least about 85% (e.g., at least about any one of 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 953%, 96%, 7%, 98%, 99%, or higher) sequence
identity to SEQ ID NO: 66. In some embodiments, the anti-BCMA CAR comprises SEQ ID NO:
66. In some embodiments, each of the first polypeptide and the second polypeptide comprises an
amino acid sequence having at least about 85% {e.g., at least about any one of 86%, 87%, 88%,
&9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher} sequence identity to SEQ
ID NO: 40. In some embodiments, each of the first polypeptide and the second polypeptide
comprises SEQ 1D NG: 40 In some embodiments, the modified immune cell comprises a CAR
system (e.g., a CAR fusion construct), wherein the CAR {uston construct comprises an anti-BOMA
CAR {e.g., a single anti-BCMA CAR or a tandem anti-BCMA CAR} and anti-GPRCSD TLR
polypeptides. In some embodiments, the CAR fusion construct comprises, from the N-terminus to
the C-terminus: a signal peptide, a tandem anti-BCMA sdAb, a CD8« hinge domain, a CD8¢
transmembrane {TM) domain, the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory
signaling domain, and a CD3( primary mtracellular signaling domain, a P2A cleavage site, a signal
peptide, an anti-GPRCSD scFv, a TLR4 transmembrane (TM) region, and the cytoplasmic portion
of TLR4 (e.g., TLR4 primary intracellular signaling domain}. In some embodiments, the CAR
fusion construct comprises an amino acid sequence having at least about 85% (e.g., at least about
any one of 86%, 87%, 88%, 8§9%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99%, or

higher) sequence identity to SEQ 1D NG: 65, In some embodiments the CAR fusion construct
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comprises SEQ ID NG: 65. In some embodiments, the CAR fusion construct comprises, from the
N-terminus to the C-terminus: a signal peptide, a tandem anti-BCMA sdAb, a CD8a hinge domain,
a CD8o transmembrane {TM) domain, the cytoplasmic portion of the 4-1BB (CD137) co-
stimulatory signaling domain, and a CD3( primary intracellular signaling domain, a P2A cleavage
site, a signal peptide, an anti-GPRCS5D scFv, a CD8a hinge domain, a TLR4 transmembrane (TM)
region, and the cytoplasmic portion of TLR4 (e g, TLR4 primary intracellular signaling domain}. In
some embodiments, the CAR fusion construct comprises an amino acid sequence having at least
about 85% (e.g., at least about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or higher) sequence identity to SEQ ID NO: 72 In some embodiments the
CAR fusion construct comprises SEQ ID NO: 72 In some embodiments, the CAR fusion construct
comprises, from the N-terminus to the C-termunus: a signal peptide, a tandem anti-BCMA sdAb, a
CD8«u hinge domain, a CD8g transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB
(CD137) co-stimulatory signaling domain, and a CD3{ primary mtracelivlar signaling domain, a
P2A cleavage site, a signal peptide, an anti-GPRCSD scFv, a (D230 hinge domain, a TLR4
transmembrane {(TM) region, and the cytoplasmic portion of TLR4 {e.g., TLR4 primary intracellular
signaling domain). In some embodiments, the CAR fusion construct comprises an amino acid
sequence having at least about 85% {e.g., at least about any one of 836%, 87%, 88%, 8§9%, 50%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ ID NG 73.
In some embodiments the CAR fusion construct comprises SEQ ID NO: 73, In some embodiments,
the TLR polypeptide coding sequence lacks the sequences of some or all of the putative upstream
start codons. In some embodiments, the TLR polypeptide may comprise certain amino acid
mutations without effect on the association between a first TLR signaling domain and a second TLR
signaling domain to form a TLR signaling moiety, thereby without effect on the induction of TLR
signaling.

{06175] In some embodiments, the modified immune cell comprises a CAR system (e.g., 3 CAR
fusion construct), wherein the CAR fusion construct comprises an anti-CLL1 CAR and anti-CD33
{e.g., anti-CD33 V domain and/or anti-CD33 €2 domain} TLR polypeptides. In some embodiments,
the first polypeptide comprises from the N-terminus to the C-terminus: a signal peptide, an anti-
D33 V domain sdAb, a TLRZ transmembrane domain, and a TLR2 signaling domain (e g., the

cytoplasmic portion of TLR2), and the second polypeptides comprises from the N-terminus to the
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C-terminus: a signal peptide, an anti-CD33 C2 domain sdAb, a TLR1 transmembrane domain, and a
TLR1 signaling domain (e.g., the cytoplasmic portion of TLR1). In some embodiments, the
modified immune cell expresses an anti-CLLT CAR In some embodiments, the anti-CLL1 CAR
comprises from the N-terminus to the C-terminus: a signal peptide, an anti-CLL1T sdAb, a CD28«
hinge domain, a CD28« transmembrane {TM) domain, the cytoplasmic portion of the CD2E co-
stimulatory signaling domain, and a CD3( primary intracellular signaling domain. In some
embodiments, the anti-CLLT CAR comprises an anmino acid sequence having at least about 85%
{e.g., at least about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%:, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or higher) sequence identity to SEQ 1D NO: 4. In some embodiments the anti-CLL1
CAR comprises SEQ ID NO: 4. In some embodiments, the modified immune cell expresses an anti-
CLLI/CD33 dual dual CAR. In some embodiments, the anti-CLL1/CD33 dual CAR comprises
from the N-terminus to the C~terminus: a signal peptide, an anti-CLL1T sdAb, an anti-CD33 V
domain sdAb, a CD8a hinge domain, a CD8u transmembrane (TM) domain, the cytoplasmic
portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3( primary intracellular
stgnaling domamn. In some embodiments, the anti-CLL1/CD33 doal CAR comprises an aming acid
sequence having at least about 85% (e.g., at least about any one of 86%, 87%, 88%, 8%%, 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ 1D NG: 43,
In some embodiments the anti-CLL1/CD33 dual CAR comprises SEQ ID NOG: 43, In some
embodiments, the first polypeptide comprises an amino acid sequence having at least about 85%
{(e.g., at least about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or higher} sequence identity to SEQ ID NO: 41 In some embodiments the first
polyvpeptide comprises SEQ ID NO: 41, In some embodiments, the second polypeptide comprises an
aming acid sequence having at least about 85% (e.g., at least about any one of 86%, 87%, 88%,
89%, 90%, 1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ
ID NO: 42, In some embodiments the second polypeptide comprises SEQ D NO: 42, In some
embodiments, the modified immune cell comprises a CAR system (e.g., a CAR fusion construct),
wherein the CAR fusion construct comprises an anti-CLE1 CAR and anti-CD33 (e g, anti-CD33 V
domain and/or anti-CD33 C2 domain) TLR polypeptides. In some embodiments, the CAR fusion
construct comprises, from the N-terminus to the C-ternunus: a signal peptide, an anti-CLL1 sdAb, a

CD28¢ hinge domain, a CD28q transmembrane (TM) domain, the cytoplasmic portion of the CD28
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co-stimulatory signaling domain, and a CD3( primary ntracellular signaling domain, a P2A
cleavage site, a signal peptide, an anti-CD33 V domain sdAb, a TLRZ transmembrane domain, a
TLR2 signaling domain {e.g., the cytoplasmic portion of TLR2), a PZA cleavage site, a signal
peptide, an anti-CD33 C2 domain sdAb, a TLR1 transmembrane domain, and a TLR1 signaling
domain {e.g., the cytoplasmic portion of TLR1). In some embodiments, the CAR fusion construct
comprises an amino acid sequence having at least about 85% (e.g., at least about any one of 8G%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence
identity to SEQ D NO: 3. In some embodiments, the TLR polypeptide coding sequence lacks the
sequences of some or all of the putative upstream start codons. In some embodiments, the TLR
polypeptide may comprise certain anuno acid mutations without effect on the association between a
first TLR signaling domain and a second TLR signaling domain to form a TLR signaling moiety,
thereby without effect on the induction of TLR signaling.

[80176] Also within the scope of the present disclosure are variants of any of the TLR domains
{e.g., a TLR transmembrane domain and/or 2 TLR signaling domain) described heren, such that the
TLR domain 1s capable of modulating the immune response of the immune cell. In some
embodiments, the co-stimulatory signaling domains comprises up to 10 amuno acid residue
variations {e.g., 1, 2, 3, 4, 5, or 8} as compared to a wild-type counterpart. Such TLR domains
cCOMprising one or more aming actd vanations may be referred to as variants, Mutation of amino
acid residues of the TLR signaling domain may result in an merease in signaling transduction and
enhanced stimufation of immune responses relative to co-stimulatory signaling domains that do not
comprise the mutation. Mutation of amino acid residues of the TLR signaling domain may result in
a decrease in signaling transduction and reduced stimulation of immune responses relative to co-
stimulatory signaling domains that do not comprise the mutation.

{00177} In some embodiments, the TLR polypeptide comprises an amino acid sequence variant of
the TLR domains {e.g., TLR transmembrane domain and/or TLR signaling domain) described
heremn. In some embodiments, the TLR polypeptide comprises an amino acid sequence variant of
the TLR molecules {e.g., TLR transmembrane domain and/or TLR signaling domain of the TLR
molecules) described herein. For example, it may be desirable to modulate the biological properties
of the TLR polypeptide. Amino acid sequence variants of a TLR molecule thereof, such as the

transmembrane domain and/or the signaling domain of a TLR molecule thereof, may be prepared by
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mtroducing appropriate modifications into the nucleotide sequence encoding the TLR molecule, or
by peptide synthesis. Such modifications include, for example, deletions from, and/or insertions into
and/or substitutions of restdues within the amino acid sequences of the TLR molecule. Any
combination of deletion, insertion, and substitution can be made to arrive at the final construct,
provided that the final construct possesses the desired characteristics, e.g., TLR-binding and/or pro-
mflammatory activities.

{00178} In some embodiments, the TLR molecule comprises one or more {e.g., atleast 1,2, 3, 4, 5,
10, 15, 20 anuno acids or more) conservative substitutions compared to the sequence of any one of
the TLR molecule described herein. In some embodiments, the TLR molecule comprises at least
about 80% sequence identity, such as at least about any one of 85%, 87%, 90%, 91%, 92%, 93%,
94%, 93%, 96%., 97%, 98%, 99% or more sequence identity to the sequence of any one of the TLR
molecules described herein. Like the TLR polypeptides described herein, the TLR polypeptide
variants comprising modifving TLR molecules have similar anti~tumor activities and low toxicity.
[00179] Conservative substitutions are shown 1n Table A below.

TABLE A: CONSERVATIVE SUBSTITITIONS

Original Exemplary Preferred
Residue Substitutions Substifutions
Ala (A} Val; Leu; e Val
Arg (R) Lys; Gln; Asn Lys
Asn (N} Gin; His; Asp, Lys; Arg Gln
Asp (D) Glu;, Asn Glu
Cys () Ser: Ala Ser
Gln () Asn; Glu Asn
Glu (E)} Asp; Gin Asp
Gly (G) Ala Ala
His (H) Asn; Gln; Lys; Arg Arg
fle (I} Leu; Val; Met; Ala; Phe; Norleucine Leu
Leu (L) Norleucine; Ile; Val; Met; Ala; Phe Ile
Lys (K) Arg: Glo; Asn Arg
Met (M) Leu; Phe; He Leu
Phe () Trp; Ley; Val; He; Ala; Tyr Tyr
Pro (P) Ala Ala
Ser {S) Thr Thr
Thr (T) Val; Ser Ser
Trp (W) Tyr; Phe Tyr
Tyr (Y) Trp; Phe; Thr; Ser Phe
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| Val (V) | Ile: Leu; Met: Phe; Ala; Norleucine | Leu |
Aming acids may be grouped into different classes according to common side-chain properties:

a. hydrophobic: Norleucineg, Met, Ala, Val, Leu, lle;

b. neutral hydrophilic: Cys, Ser, Thr, Asn, Gln;

¢. acidic: Asp, Glu;

d. basic: His, Lys, Arg;

e. residues that influence chain orientation: Gly, Pro;

f aromatic: Trp, Tyr, Phe.

Non-conservative substitutions will entail exchanging a member of one of these classes for another
class.

[001808] One of skall in the art will recognize that any suitable method can be used for generating
mutations in a gene of interest, including mutagenests, polymerase chain reaction, homologous
recombination, or any other genetic engineering techmque known to a person of skill in the art. A
mutation may involve a single nucleotide (such as a point mutation, which imvolves the reroval,
addition or substitution of a single nucleotide base within a DNA sequence) or it may involve the
msertion or deletion of farge numbers of nuclectides. Mutations can arise spontaneously as a result
of events such as errors in the fidelity of BNA replication, or mduced following exposure to
chemical or physical mutagens. A mutation can also be site-directed through the use of particular
targeting methods that are well known to persons of skill 1n the art.
{00181} A useful method for identification of residues or regions of a polypeptide that may be
targeted for mutagenesis 1s called “alanine scanning mutagenesis” as described by Cunningham and
Wells (1989} Science, 244:1081-1085. In this method, a residue or group of target residues (e.g.,
charged residues such as arg, asp, hs, lys, and glu} are identified and replaced by a neutral or
negatively charged amino acid {e.g., alanine or polyalanine) to determine whether the interaction of
the polypeptide agent with its target (e.g., a first TLR signaling domain with a second TLR
signaling domain) 1s affected. Further substitutions may be introduced at the amino acid locations
demonstrating functional sensitivity to the initial substitutions. Variants may be screened to

determine whether they contain the desired properties.
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{00182] Amino acid sequence insertions inchide amino- and/or carboxyl-terminal fusions ranging
in fength from one residue to polypeptides containing a hundred or more residues, as well as
mitrasequence insertions of single or multiple amino acid residues.

{60183] In some embodiments, a peptide tag {typically a short peptide sequence able to be
recognized by available antisera or compounds) may be included for following expression and
trafficking of the TLR polypeptide. A vast variety of tag peptides can be used in the TLR
polypeptide described herem, without limitation, PK tag, FLAG octapeptide, MYC tag, HIS tag
{usually a stretch of 4 to 10 hustidine residues) and e-tag (US 6,686,152). The tag peptide(s) may be
independently positioned at the N-terminus of the protein, at its C-terminus, internally, or at any of
these positions when several tags are employed. Tag peptides can be detected by immunodetection

assays using anti-tag antibodies.

Engineered receptor

[00184] Any of the modified immune cells described above may further express an engineered
receptor. Exemplary engineered receptor include, but are not himited to, CAR, engineered TCR, and
TAC receptors. In some embodiments, the engineered receptor comprises an extracellular domain

that specifically binds to an antigen {(e.g., a tumor antigen), a transmermbrane domain, and an

a primary intracellular signaling domain and/or a co-stimulatory domain. In some embodiments, the
mtracellular signaling domain comprises an mtracellular signaling domain of a TCR co-receptor. In
some embodiments, the engineered receptor 15 encoded by a third nucleic acid operably linked to a
promoter (such as a constitutive promoter or an nducible promoter). In some embodiments, the
engineered receptor 15 introduced to the modified immune cell by inserting proteins into the cell
membrane while passing cells through a microfluidic system, such as CELL SQUEEZE® (see, for
example, U1.S. Patent Application Publication No. 20140287509}, The engineered receptor may
enhance the function of the modified immune cell, such as by targeting the modified immune cell,
by transducing signals, and/or by enhancing cytotoxicity of the modified immune cell. In some
embodiments, the modified immune cell does not express an engineered receptor, such as CAR,

TCR, or TAC receptor.
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{00185] In some embodiments, the engineered receptor comprises one or more specific binding
domains that target at least one tumor antigen, and one or more intracellular effector domains, such
as one or more primary intracellular signaling domains and/or co-stimulatory domains.

{00186] In some embodiments, the engineered receptor is a chimeric antigen receptor (CAR).
Many chimeric antigen receptors are known in the art and may be suitable for the modified immune
cell of the present application. CARs can also be constructed with a specificity for any cell surface
marker by utilizing antigen binding fragments or antibody variable domains of, for example,
antibody molecules. Any method for producing a CAR may be used herein. See, for example,
US6,410,319, US7,446, 191, US7,514,537, US976534282. WO 2002/077029, WO2015/142675,
US2010/065818, US 2010/025177, US 2007/659298, WO2017025038A1, and Berger C. ef al | 1
Chinical Investigation 118 1 294-308 (2008), which are hereby incorporated by reference. In some
embodiments, the modified immune cell 1s 3 CAR-T cell.

[00187] CARs of the present application comprise an extracellular domain comprising at least one
targeting domain that specifically binds at least one tumor antigen, a transmembrane domain, and an
miracellular signaling domain. In some embodiments, the intracellular signaling domain generates a
signal that promotes an immune effector function of the CAR-containing cell, e.g., a CAR-T cell.
"Tmmune effector function or immune effector response” refers to function or response, e.g., of an
mmune effector cell, that enhances or promotes an immune attack of a target cell. For example, an
mmune effector function or response may refer to a property of a T or NK cell that promotes killing
or the mhibition of growth or proliferation, of a target cell. Examples of immune effector function,
e.g., ina CAR-T cell, include cytolytic activity (such as antibody-dependent cellular toxicity, or
ADCC) and helper activity (such as the secretion of cytokines). In some embodiments, the CAR has
an mtracellular signaling domain with an attenuated immune effector function. In some
embodiments, the CAR has an intracellular signaling domain having no more than about any of
90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10% or less of an immune effector function (such as
cytolytic function against target cells) compared to a CAR having a full-length and wildtype CD3C
and optionally one or more co-stimulatory domains. In some embodiments, the intracellular
signaling domain generates a signal that promotes proliferation and/or survival of the CAR
containing cell. In some embodiments, the CAR comprises one or more intracellular signaling

domains selected from the signaling domains of CD28, CD137, CD3, CD27, CD40, ICOS, GITR,
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and OX40. The signaling domain of a naturally occurring molecule can comprise the entirg
mtracellular (i.e., cytoplasmic) portion, or the entire native intracellular signaling domain, of the
molecule, or a fragment or derivative thereof.

{60188] In some embodiments, the intracellular signaling domain of a CAR comprises a primary
mtracellular signaling domain. “Primary intracellular signaling domain” refers to cytoplasmic
signaling sequence that acts in a stimulatory manner to induce immune effector functions. In some
embodiments, the primary intracellular signaling domain contains a signaling motif known as
Immunoreceptor Tyrosine-based Activation Motif, or ITAM. In some embodiments, the primary
mtracellular signaling domain comprises a functional signaling domain of a protein selected from
the group consisting of CD3 zeta, CD3 gamma, CD3 delta, CD3 epsilon, commmon FeR gamma
(FCERIG), FeR beta (Fc Epsilon Rib), CD79a, CD79b, Feganuna Rlla, DAPIO, and DAP 12, In
some embodiments, the primary mtracellular signaling domain comprises a nonfunctional or
attenuated signaling domain of a protein selected from the group consisting of CD3 zeta, CD3
gamma, CD3 delta, CD3 epsilon, common FeR gamma (FCERTG), FeR beta (Fe Epsilon Rib),
CD79a, CH79b, Fegamma Rila, DAPLO, and DAP 12. The nonfunctional or attenuated signaling
domain can be a mutant signaling domain having a point mutation, msertion or deletion that
attenuates or abolishes one or more immune effector functions, such as cytolytic activity or helper
activity, including antibody-dependent cellular toxacity (ADCC). In some embodiments, the CAR
comprises a nonfunctional or attenuated CD3 zeta (i.e., CD3C or CD3z) signaling domain. In some
embodiments, the intracellular signaling domain does not comprise a primary intracellular signaling
domain. An atienuated primary mtracetlular signaling domain may induce no more than about any
of 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10% or less of an immune effector function {such
as cytolytic function against target cells) compared to CARs having the same construct, but with the
wildtype primary intracellular signaling domam.

[006189] In some embodiments, the intracellular signaling domain of a CAR comprises one or more
{such as any of 1, 2, 3, or more) co-stimulatory domamns. “Co-stimulatory domain™ can be the
miracellular portion of a co-stimulatory molecule. The term "co-stimulatory molecule” refers toa
cognate binding partner on an immune cell (such as T cell} that specifically binds with a co-
stimulatory ligand, thereby mediating a co-stimulatory response by the immune cell, such as, but not

fimited to, proliferation and survival. Co-stimulatory molecules are cell surface molecules other
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than antigen receptors or their ligands that contribute to an efficient immune response. A co-
stimulatory molecule can be represented in the following protein families: TNF receptor proteins,
Immunoglobulin-fike proteins, cytokine receptors, integrins, signaling lymphocytic activation
molecules (SLAM proteins), and activating NK cell receptors. Co-stimulatory molecules include,
but are not limited to an MHC class I molecule, BTLA and a Toll ligand receptor, as well as OX40,
CD27, CD28, CDS, ICAM-1, LFA-1 (CD11a/CD18), ICOS (CD278), and 4-1BB (CD137). Further
examples of such co-stimulatory molecules include CDS, ICAM-1, GITR, BAFFR, HVEM
(LIGHTR), SLAMF7, NKp80 (KLRF1), NKp4d, NKp30, NKp46, CD160, CD19, CD4, CD8alpha,
CD8beta, IL-2R beta, IL-2R gamma, IL-7R alpha, ITGA4, VLA1, CD49%. ITGA4, 1A4, CD49D,
ITGAS, VLA-6, CD49f, ITGAD, CD11d, ITGAE, CD103, ITGAL, CD11a, LFA-1, TTGAM,
CD1ib, ITGAX, CD1l1c, ITGBY, CD29, ITGRZ, CDI18, LFA-1, ITGB7, NKG2ZD, NKG2C,
TGFR2, TRANCE/RANKL, DNAMI (CD226), SLAMF4 (CD244, 2B4), CDR4, CD96 (Tactile),
CEACAMI, CRTAM, Ly9 (CD229), CD160 (BY55), PSGL1, CDIOO (SEMA4D), CD69,
SLAMEG (NTB-A, Ly108), SLAM {(SLAMF1, CD150, IPO-3), BLAME (SLAMFES), SELPLG
{(CD162y, LTBR, LAT, GADS, SLP-76, PAG/Chp, CD19%a, and a ligand that specifically binds with
CD83.

{808198] In some embodiments, the CAR comprises a single co-stimulatory domain. In some
embodiments, the CAR comprises two or more co-stimulatory domains. In some embodiments, the
mtracellular signahing domain comprises a functional primary 1ntracellular signaling domain and
one or more co-stimulatory domains. In some embodiments, the CAR does not comprise a
functional primary intracellular signaling domain (such as CD3%). In some embodiments, the CAR
comprises an ntraceliular signaling domain consisting of or consisting essentially of one or more
co~stimulatory domains, In some embodiments, the CAR comprises an intracellular signaling
domain consisting of or consisting essentially of a nonfunctional or attenuated primary intraceltular
signaling domain (such as a mutant CD3C) and one or more co-stimulatory domains. Upon binding
of the targeting domain to tumor antigen, the co-stimulatory domains of the CAR may transduce
signals for enhanced proliferation, survival and differentiation of the engineered immune cells
having the CAR (such as T cells), and inhibit activation induced cell death. In some embodiments,
the one or more co-stimulatory signaling domains are derived from one or more molecules selected

from the group consisting of CD27, CD28, 4-1BB (i.e., CD137), OX40, CD30, CD40, CD3,
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lymphocyte function-associated antigen-1{LFA-1), CD2, CD7, LIGHT, NKG2C, B7-H3 and
ligands that specially bind to CD83.

{001%1] In some embodiments, the intracellular signaling domain of the CAR comprises a co-
stimulatory signaling domain derived from CD28. In some embodiments, the intracellular signaling
domain comprises a cytoplasmic signaling domain of CD3L and a co-stimulatory signaling domain
of CD28. In some embodiments, the mntracellular signaling domain in the chimeric receptor of the
present application comprises a co-stimulatory signaling domain derived from 4-1BB (i.e., CD137).
In some embodimenis, the intracellular signaling domain comprises a cytoplasmic signaling domain
of CD3L and a co-stimulatory signaling domain of 4-1BB.

{88192] In some embodiments, the intracellular signaling domain of the CAR comprises a co-
stimulatory signaling domain of CD28 and a co-stimulatory signaling domain of 4-1BB. In some
embodiments, the mtracellular signaling domain comprises a ¢ytoplasmic signaling domain of
CD3C, a co-stimulatory signaling domain of CD28, and a co-stimulatory signaling domain of 4-
IBB. In some embodiments, the intracellular signaling domain comprises a polypeptide comprising
from the N-ternunus to the C-terminus: a co~-stimulatory signaling domain of CD28, a co-
stimulatory signaling domain of 4-1BB, and a cytoplasmic signaling domain of CD3C,

{00193} In some embodiments, the targeting domain of the CAR is an antibody or an antibody
fragment, such as a scFv, a Fv, a Fab, a (Fab’}2, a single domain antibody {(sdAbj}, or a VuH domain.
In some embodiments, the targeting domain of the CAR 1s a ligand or an extraceliular portion of a
receptor that specifically binds to a tumor antigen. In some embodiments, the one or more targeting
domains of the CAR specifically bind to a single tumor antigen. In some embodiments, the CAR 15
a bispecific or multispecitic CAR with targeting domains that bind two or more tumor antigens. In
some ermnbodiments, the tumor antigen 1s selected from the group couvsisting of CD19, NKG2D,
BCMA, NY-ESO-1, VEGFR2, MAGE-A3, CD20, CD22, CD33, CD38, CEA, EGFR (such as
EGFRVIID, GD2, HERZ, IGF1R, mesothelin, PSMA, ROR1, WT1, and other tumor antigens with
chinical significance, and combinations thereof. In some embodiments, the CAR specifically binds
to a target antigen selected from the group consisting of BCMA, NY-ESO-1, VEGFR2, MAGE-A3,
AFP, CD4, CD19, CD20, CD22, CD30, CD33, CD38, CD70, CD123, CEA, EGFR (such as
EGFRVII), GD2, GPC-2, GPC3, CLDN18.2, HER2, LILRB4, IL-13Ra2, IGFIR, mesothelin,
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PSMA, RORI, WT1, NKGZD, CLLI, TGFaRIL, TGFbRIL, CCRS, CXCR4, CCR4, HPY related
antigens, and EBVY related antigens {e.g., LMP1 or LMP2).

{00194] In some embodiments, the CAR 15 an anti-CD19 CAR. A wide vanety of antigen binding
domain sequences can be used as the targeting domains of the CAR. See, e.g., WQO2012/079000,
which is incorporated herein in its entirety. In some embodiments, the anti-CD19 CAR comprises
from the N-terminus to the C-terminus: a signal peptide, an anti-CD19 scFv, a CD8a hinge domain,
a CD8g transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB (CD137) co-
stimulatory signaling domain, and a CD3( primary intracellular signaling domain. In some
embodiments, the anti-CID 9 scFv comprises the amino acid sequence of SEQ D NO: 6. In some
embodiments, the anti-CD 9 CAR comprises an amino acid sequence having at least about 85%
{e.g., at least about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or higher} sequence wdentity to SEQ ID NO: 2. In some embodiments, the anti-CD19
CAR comprises SEQ ID NO: 2.

[06195] In some embodiments, the anti-CD 19 CAR 15 part of a CAR system {e.g., a CAR fusion
construct), wherein the CAR fusion construct comprises the anti-CD19 CAR molecule and anti-
(D20 TLR polypeptides. In some embodiments, each of a first polypeptide and a second
polypeptide comprises from the N-terminus to the C-terminus: a signal peptide, an anti-CD20 scFv,
a TLR4 transmembrane domain, and a TLR4 signaling domain {e.g., the cytoplasmic portion of
TLR4}. In some embodiments, each of the first polypeptide and the second polypeptide comprises
an amino acid sequence having at least about 85% {e.g., at least about any one of 86%, 87%, &8%,
&9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ
1D NO: 40. In some embodiments, each of the first polypeptide and the second polypeptide
comprises SEQ 1D NO: 40 In some embodiments, the CAR fusion construct comprises, from the
N-terminus to the C-terminus: a signal peptide, an anti-CD19 scFv, a CD8a hinge domain, a CD8a
transmembrane {TM) domain, the cytoplasmic portion of the 4-1BB {CD137) co-stimulatory
signaling domain, and a CD3{ primary intracellular signaling domain, a P2A cleavage site, a signal
peptide, an anti-CD20 scFv, a TLR4 transmembrane {TM) region, and the cytoplasmic portion of
TLRA4 (e.g., TLR4 primary intracellular signaling domain). In some embodiments, the CAR fusion
construct comprises an aming acid sequence having at least about 5% (e.g., at least about any one

of 86%, 87%, 88%, 9%, 90%, 91%, 92%, 93%, 94%, 95%, 6%, 97%, 98%, 99%, or higher)
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sequence identity to SEQ 1D NG: 1. In some embodiments the CAR fusion construct comprises
SEQGIDNO: 1.

{00196] In some embodiments, the anti-CD19 CAR 15 part of a CAR system {e.g., a CAR fusion
construct), wherein the CAR fusion construct comprises the anti-CD19 CAR molecule and anti-
NKG2D TLR polypeptides. In some embodiments, each of a first polypeptide and a second
polypeptide comprises from the N-terminus to the C-terminus: a signal peptide, an anti-NKGZD
ECD, a TLR4 transmembrane domain, and a TLR4 signaling domain (e.g., the cytoplasmic portion
of TLR4). In some embodiments, each of the first polypeptide and the second polypeptide
comprises an amino acid sequence having at least about 85% {e.g., at least about any one of 86%,
87%, 88%, 89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence
identity to SEQ ID NO: 40. In some embodiments, each of the first polypeptide and the second
polypeptide comprises SEQ ID NO: 40. In some embodiments, the CAR fusion construct
comprises, from the N-termunus to the C-termunus: a signal peptide, an anti-CD19 scFv, a CD8qg
hinge domain, a CD8o transmembrane {TM) domain, the cytoplasmic portion of the 4-1BB
{CD137) co-stimulatory signaling domain, and a CD3( primary intracelinlar signaling domain, a
P2A cleavage site, a signal peptide, an anti-NKG2D ECD, a TLR4 transmembrane {TM) region,
and the cytoplasmic portion of TLR4 (e.g., TLR4 primary mitracellular signaling domain). In some
embodiments, the CAR fusion construct comprises an amino acid sequence having at least about
85% (e.g., at least about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

97%,

SO

8%, 99%, or higher) sequence identity to SEQ ID NO: 59 In some embodiments the CAR
fusion construct comprises SEQ ID NO: 59. In some embodiments, the CAR fusion construct
comprises, from the N-terminus to the C-terminus: a signal peptide, an anti-CD19 scFv, a CD&a
hinge domain, a CD8¢ transmembrane (TM} domain, the cytoplasmic portion of the 4-1BB
(CD137) co-stimulatory signaling domain, and a CD3( primary intraceliular signaling domain, a
P2A cleavage stte, a signal peptide, an anti-NKGZD ECD, a CD&g hinge domain, a TLR4
transmembrane {TM) region, and the cytoplasmic portion of TLR4 (e.g., TLR4 primary intracellular
signaling domain). In some embodiments, the CAR fusion construct comprises an amino acid
sequence having at least about 83% (e.g., at least about any one of 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ D NO: 60.

In some embodiments the CAR fusion construct comprises SEQ D NO: 60.
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{00197] In some embodiments, the CAR 15 an anti-CLLYI CAR. A wide vanety of antigen binding
domain sequences can be used as the targeting domains of the CAR. See, e.g., W(2012/079000,
which 18 incorporated hergin in its entirety. In some embodiments, the anti-CLLT CAR comprises
from the N-terminus to the C-terminus: a signal peptide, an anti-CLL1 sdAb, a CD28a hinge
domain, a CD28« transmembrane {TM)} domain, the cytoplasmic portion of the CD28 co-
stimulatory signaling domain, and a CD3( prumary intracellular signaling domain. In some
embodiments, the anti-CLL1T sdAb comprises the amino acid sequence of SEQ 1D NO: 14, In some
embodiments, the anti-CLL1 CAR comprises an amino acid sequence having at least about 5%
{e.g., at least about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or higher} sequence wdentity to SEQ ID NO: 4. In some embodiments the anti-CLL1
CAR comprises SEQ ID NO: 4,

{00198] In some embodiments, the CAR 15 an anti-CLL1/CD33 dual CAR. A wide varniety of
antigen binding domain sequences can be used as the targeting domains of the CAR. See, e.g.,
W(2012/079000, which 1s incorporated herein 1n its entirety. In some embodiments, the anti-
CLLI/CD33 dual CAR comprises from the N-termmnus to the C-terminus: a signal peptide, an anti-
CLL1 sdAb, an anti-CD33 V domain sdAb, a CD8u hinge domain, a CD8a transmembrane (TM)
domatn, the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a
CD3( primary ntracellular signaling domain. In some embodiments, the anti-CLL1T sdAb comprises
the amino acid sequence of SEQ ID NO: 14, In some embodiments, the anti-CD33 V domain sdAb
comprises the amino acid sequence of SEQ ID NG: 21. In some embodiments, the anti-CLL1/CD33
dual CAR comprises an amino acid sequence having at feast about 85% (e.g., at least about any one
of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher)
sequence tdentity to SEQ 1D NG: 43, In some embodiments the anti-CLL1/CD33 dual CAR
comprises SEQ 1D NG: 43,

{06199] In some embodiments, the anti-CLL1T CAR 1s part of a CAR system {e.g., a CAR fusion
construct), wherein the CAR fusion construct comprises an anti-CLLY CAR and anti-CD33 TLR
polypeptides. In some embodiments, each of a first polypeptide and a second polypeptide comprises
from the N-terminus to the C-terminus: a signal peptide, an anti-CD33 sdAb, a TLR4
transmembrane domain, and a TLR4 signaling domain (e g., the cytoplasmic portion of TER4). In

some embodiments, each of the first polypeptide and the second polypeptide comprises an amino
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acid sequence having at least about 85% {e.g., at least about any one of 86%, 87%, 8%, 89%, 90%,
91%, 92%, 93%, 94%, 95%:, 96%, 7%, 98%, 99%, or higher} sequence identity to SEQ D NO: 40.
In some embodiments, each of the first polypeptide and the second polypeptide comprises SEQ ID
NQO: 40. In some embodiments, the CAR fusion construct comprises, from the N-terminus to the C-
terminus: a signal peptide, an anti-CLL1 sdAb, a CD8g hinge domain, a CD8a transmembrane
{TM) domain, the cytoplasmic portion of the 4-1BB {CD137) co-stimulatory signaling domain, and
a CD3( primary intracellular signaling domain, a P2A cleavage site, a signal peptide, an anti-CD33
sdAb, a TLR4 transmembrane {TM) region, and the cytoplasmic portion of TLR4 (e g., TLR4
primary intracellular signaling domain). In some embodiments, the CAR fusion construct comprises
an amino acid sequence having at least about 85% (e.g., at least about any one of 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence wdentity to SEQ
ID NG: 71, In some embodiments the CAR fusion construct comprises SEQ ID NG: 71,

[00200] In some embodiments, the anti-CLL1 CAR 15 part of a CAR system (e.g., a CAR fusion
construct), wherein the CAR fusion construct comprises an anti-CLLY CAR and anti-CD33 {e.g,
anti-CD33 V domain and/or anti-CD33 €2 domain} TLR polypeptides. In some embodiments, a
first polypeptide comprises from the N-termunus to the C-terminus: a signal peptide, an anti-CD33
V domain sdAb, a TLR2 transmembrane domain, and a TLRZ2 signaling domain {e.g., the
cytoplasmic portion of TLR2), and a second polypeptides comprises from the N-terminus to the C-
terminus: a signal peptide, an anti-CD33 €2 domain sdAb, a TLRI transmembrane domain, and a
TLR1 signaling domain {e.g., the cytoplasmic portion of TLR1}. In some embodiments, the first
polypeptide comprises an amino acid sequence having at least about 85% {e.g., at least about any
one of 86%, 87%, 88%, 89%, 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher)
sequence dentity to SEQ ID NO: 41, In some embodiments the first polypeptide comprises SEQ ID
NG 41. In some embodimenis, the second polypeptide comprises an amino acid sequence having at
least about 85% (e.g., at least about any one of 86%, 87%, 88%, 89%, 90%, %1%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ ID NO: 42, In some embodiments
the second polypeptide comprises SEQ ID NO: 42 In some embodiments, the CAR fusion construct
comprises, from the N-terminus to the C-terminus: a signal peptide, an anti-CLL1 sdAb, a CD28«
hinge domain, a CD28g transmembrane (TM) domain, the cytoplasmic portion of the CD28 co-

stimulatory signaling domain, and a CD3( primary intracellular signaling domain, a P2ZA cleavage
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site, a signal peptide, an anti-CD33 V domain sdAb, a TLR2 transmembrane domain, a TLRZ
signaling domain {e.g., the cytoplasmic portion of TLR2), a PZA cleavage site, a signal peptide, an
anti-CD33 C2 domain sdAb, a TLRI transmembrane domain, and a TLR1 signaling domain {e.g.,
the cytoplasmic portion of TLR1). In some embodiments, the CAR fusion construct comprises an
amino acid sequence having at least about 85% (e.g., at least about any one of 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ
1D NG: 3.

{00261} In some embodiments, the CAR 15 an anti-GPC3 CAR. A wide variety of antigen binding
domain sequences can be used as the targeting domains of the CAR. See, e.g., WO2012/079000,
which is incorporated herein in its entirety. In some embodiments, the anti-GPC3 CAR comprises
from the N-terminus to the C-ternmunus: a signal peptide, an anti-GPC3 scFv, a CD8u hinge domain,
a CD8u travsrmoembrane {TM) domain, the cytoplasmic portion of the 4-1BB (CD137) co-
stimulatory signaling domain, and a CD3{ primary intracellular signaling domamn. In some
embodiments, the anti-GPC3 scFv comprises the ammno acid sequence of SEQ 1D NOG: 55 In some
embodiments, the anti-GPC3 CAR comprises an amino acid sequence having at least about 85%
(e.g., at least about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or higher) sequence identity to SEQ ID NO: 56, In some embodiments the anti-GPC3
CAR comprises SEQ ID NO: S6.

[80202] In some embodiments, the anti-GPC3 CAR 15 part of a CAR system (e.g., a CAR fusion
construct), wherein the CAR fusion construct comprises an anti-GPC3 CAR and anti-NKG2D TLR
polypeptides. In some embodiments, the CAR fusion construct comprises, from the N-terminus to
the C-terminus: a signal peptide, an anti-GPC3 scFv, a CD8a hinge domain, a CD8a transmembrane
{TM) domain, the cytoplasmic portion of the 4-1BB {CD 137} co-stimulatory signaling domain, and
a CB3( primary intracellular signaling domain, a P2A cleavage site, a signal peptide, an anti-
NKGZD ECD, a TLR4 transmembrane (TM) region, and the cytoplasmic portion of TLR4 {e.g.,
TLRA4 primary intracellular signaling domain). In some embodiments, the CAR fusion construct
comprises an amino acid sequence having at least about 85% (e.g., at least about any one of 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence
identity to SEQ D NO: 57. In some embodiments the CAR fusion construct comprises SEQ 1D NO:

57 In some embodiments, the CAR fusion construct comprises, from the N-terminus to the C-
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terminus: a signal peptide, an anti-GPC3 scFv, a CD&o hinge domain, a CD8g transmembrane {TM)
domain, the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a
CD3( primary intracellular signaling domain, a P2A cleavage site, a signal peptide, an anti-NKG2D
ECD, a CD8g hinge domain, a TER4 transmembrane {TM) region, and the cytoplasmic portion of
TLRA4 (e.g., TLR4 primary intracellular signaling domain). In some embodiments, the CAR fusion
construct comprises an aming acid sequence having at least about 5% (e.g., at least about any one
of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher}
sequence identity to SEQ 1D NO: 38. In some embodiments the CAR fusion construct comprises
SEQ ID NO: 38,

[00203] In some embodiments, the CAR 15 an anti-BCMA CAR (e.g., a single anti-BCMA CAR or
a tandem anti-BCMA CAR). In soroe embodunents, the anti-BCMA CAR 15 a single anti-BCMA
CAR. In some embodiments, the anti-BCMA CAR s a tandem anti-BCMA CAR. A wide variety of
antigen binding domain sequences can be used as the targeting domains of the CAR. See, e.g.,
W(2012/079000, which 15 incorporated herein in its entirety. In some embodiments, the single anti-
BCMA CAR comprises from the N-terminus to the C-terminus: a signal peptide, a single anti-
BCMA sdAb, a CD8a hinge domaim, a CD8a transmembrane (TM) domain, the cytoplasmic
portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3{ primary intraceltular
signaling domain. In some embodiments, the single anti-BCMA sdAb comprises the amino acid
sequence of SEQ ID NO: 68. In some embodiments, the single anti-BCMA CAR comprises an
amino acid sequence having at least about 85% (e.g., at least about any one of 86%, 87%, 88%,
&9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ
ID NG: 67. In some embodiments the single anti-BCMA CAR comprises SEQ 1D NO: 67. In some
embodiments, the tandem anti-BCMA CAR comprises from the N-terminus to the C-terminus: a
signal peptide, a tandem anti-BCMA sdAb, a CD8a hinge domain, a CD8q transmembrane {(TM)
domatn, the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a
CD3{ primary intracellular signaling domain. In some embodiments, the tandem anti-BCMA sdAb
comprises the amino acid sequence of SEQ ID NO: 44 In some embodiments, the tandem anti-
BCMA CAR comprises an amino acid sequence having at least about 85% (e.g., at least about any

one of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher)
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sequence identity to SEQ ID NG: 66. In some embodiments the tandem anti-BCMA CAR
comprises SEQ 1D NO: 66,

{00284] In some embodiments, the anti-BCMA CAR 1s part of a CAR system (e.g., a CAR fusion
construct), wherein the CAR fusion construct comprises an anti-BCMA CAR (e.g., a single anti-
BCMA CAR or a tandem anti-BCMA CAR) and anti-BCMA TLR polypeptides. In some
embodiments, the CAR fusion construct comprises, from the N-terminus to the C-terminus: a signal
peptide, a single anti-BCMA sdAb, a CD8a hinge domain, a CD8« transmembrane {TM) domain,
the cytoplasmic portion of the 4-1BB (CD 137} co-stimulatory signaling domain, and a CD3(
primary intracellular signaling domain, a P2A cleavage site, a signal peptide, a single anti-BCMA
sdAb, a TLR4 transmembrane {TM) region, and the cytoplasmic portion of TLR4 (e.g., TLR4
primary intracellular signaling domain). In some embodiments, the CAR fusion construct comprises
an amino acid sequence having at least about 85% (e.g., at least about any one of 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence wdentity to SEQ
ID NO: 62. In some embodiments the CAR fusion construct comprises SEQ 1D NO: 62. In some
embodiments, the CAR fusion construct comprises, from the N-terminus to the C-termunus: a signal
peptide, a single anti-BCMA sdAb, a CD8a hinge domain, a CD8a transmembrane {TM) domamn,
the cytoplasmic portion of the 4-1BB (CD137} co~-stimulatory signaling domain, and a CD3(
primary wtracellular signaling domain, a P2A cleavage site, a signal peptide, a single anti-BCMA
sdAb, a CD8a hinge domain, a TLR4 transmembrane (TM} region, and the cytoplasmic portion of
TLRA4 (e.g., TLR4 primary intracellular signaling domain). In some embodiments, the CAR fusion
construct comprises an aming acid sequence having at least about 85% (e.g., at least about any one
of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 6%, 97%, 98%, 99%, or higher)
sequence tdentity to SEQ ID NO: 63. In some embodiments the CAR fusion construct comprises
SEQ ID NO: 63. In some embodiments, the CAR fusion construct comprises, from the N-terminus
to the C-terminus: a signal peptide, a single anti-BCMA sdAb, a CD8« hinge domain, a CD8q
transmembrane (TM} domain, the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory
signaling domain, and a CD3( primary intracellular signaling domain, a PZA cleavage site, a signal
peptide, a single anti-BCMA sdAb, a CD28qg hinge domain, a TLR4 transmembrane {TM) region,
and the cytoplasmic portion of TLR4 (e.g., TLR4 primary intraceliular signaling domain). In some

embodiments, the CAR fusion construct comprises an amino acid sequence having at least about
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85% {e.g., at least about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or higher) sequence identity to SEQ 1D NO: 64. In some embodiments the CAR
fusion construct comprises SEQ 1D NO: 64, In some embodiments, the CAR fusion construct
comprises, from the N-terminus to the C-terminus: a signal peptide, a tandem anti-BCMA sdAb, a
CD8g hinge domain, a CD8q transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB
{(CD137) co-stimulatory signaling domain, and a CD3( primary mntracellular signaling domain, a
P2A cleavage site, a signal peptide, a tandem anti-BCMA sdAb, a TLR4 transmembrane (TM}
region, and the cytoplasmic portion of TLR4 (e.g., TLR4 primary intracellular signaling domain). In
some embodiments, the CAR fusion construct comprises an amino acid sequence having at least
about 85% (e.g., at least about any one of 86%, 87%, 88%, §9%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or higher) sequence identity to SEQ 1D NO: 61, In some embodiments the
CAR fusion construct comprises SEQ 1D NG: 61,

[00205] In some embodimen embodiments, the anti-BCMA CAR s part of a CAR system {e.g., a
CAR fusion construct), wherein the CAR fusion construct comprises an anti-BCMA CAR (e.g., a
stngle anti-BCMA CAR or a tandern anti-BCMA CAR) and anti-GPRCSD TLR polypeptides. In
some embodiments, the CAR fusion construct comprises, from the N-terminus to the C-termunus: a
stgnal peptide, a tandem anti-BCMA sdAb, a CD8a hinge domain, a CD8a transmembrane {TM)
domain, the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a
CD3L primary mntracellular signaling domain, a P2A cleavage site, a signal peptide, an anti-
GPRCSD scFv, a TLR4 transmembrane (TM) region, and the cytoplasmic portion of TLR4 {e.g.,
TLRA primary intracellular signaling domain}. In some embodiments, the CAR fusion construct
comprises an amino acid sequence having at least about 85% (e.g., at least about any one of 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence
dentity to SEQ ID NO: 65, In some embodiments the CAR fusion construct comprises SEQ 1D NG:
65. In some embodiments, the CAR fusion construct comprises, from the N-terminus to the C-
terminus: a signal peptide, a tandem anti-BCMA sdAb, a CD8a hinge domain, a CD8a
transmembrane {TM) domain, the cytoplasmic portion of the 4-1 BB {CD137) co-stimulatory
signaling domain, and a CD3{ primary intracellular signaling domain, a P2A cleavage site, a signal
peptide, an anti-GPRCSD scFv, a CD8a hinge domain, a TLER4 transmembrane (TM) region, and

the cytoplasmic portion of TLR4 {e.g¢., TLR4 primary intracellular signaling domain). In some
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embodiments, the CAR fusion construct comprises an aming acid sequence having at least about
&5% (e.g., at least about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or higher) sequence identity to SEQ ID NG 72, In some embodiments the CAR
fusion construct comprises SEQ ID NO: 72, In some embodiments, the CAR fusion construct
comprises, from the N-terminus to the C-terminus: a signal peptide, a tandem anti-BCMA sdAb, a
CD8a hinge domain, a CD8g transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB
(CD137) co-stimulatory signaling domain, and a CD3{ primary intraceliular signaling domain, a
P2A cleavage stte, a signal peptide, an anti-GPRCS5D scFv, a CD28g hinge domain, a TLR4
transmembrane {TM) region, and the cytoplasmic portion of TLR4 (e.g., TLR4 primary intracellular
signaling domain). In some embodiments, the CAR fusion construct comprises an amino acid
sequence having at least about 85% (e.g., at least about any one of 86%, 87%, 88%, §9%, 90%,
91%, 92%, 93%, 94%, 953%, 96%, 97%, 98%, 99%, or hugher) sequence 1dentity to SEQ [D NQO: 73.
In some embodiments the CAR fusion construct comprises SEQ 1D NO: 73,

[00206] In some embodiments, the transmembrane domain of the CAR comprises a
transmembrane domain chosen from the transmembrane domain of an alpha, beta or zeta chainof a
T-cell receptor, CD28, CD3 epsilon, CD45, CD4, CD3, CD3, CD9, CDi6, CD22, B33, CD37,
CD64, CDRO, CD36, CD134, CD137, CD154, KIRDS2, OX40, CD2, CD27, LFA-1 (CD11a,
CD18), ICOS (CD278), 4-1BB (CD137), GITR, CD40, BAFFR, HVEM (LIGHTR), SLAMF7,
NKp80 (KLRF}), CD160, CD19, IL-2R beta, [L-2R gamma, IL-7R a, ITGAL, VLAL, CD4%a,
ITGA4, 1A4, CDAID, ITGAS, VLA-6, CD49F, ITGAD, CD11d, ITGAE, CD103, ITGAL, CDl1a,
LEA-1, ITGAM, CD11b, ITGAX, CD11c, ITGB1, CD29, ITGB2, CDIS, LFA-1, ITGB7, TGFR2,
DNAMI (CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile), CEACAM1, CRT AM, LyS
(D229, CD160(BYSS), PSGLY, CDIOCO (SEMA4D), SLAMEG6 (NTB-A, Lyi08), SLAM
(SLAMF1, CD150, IPO-3), BLAME (SLAMF8), SELPLG (CD162), LTBR, PAG/Cbp, NKpd4,
NKp30, NKpd6, NKG2D, and/or NKG2C. In some embodiments, the transmembrane domain of the
CAR 15 a CD4, CD3, CD8a, or CD28 transmembrane domain. In some embodiments, the
transmembrane domain of the CAR comprises a transmembrane domain of CD8o.

{00267} In some embodiments, the extracellular domain 1s connected to the transmembrane domain
by a hinge region. In one embodiment, the hinge region comprises the hinge region of CD8a.

[00208] In some embodiments, the CAR comprises a signal peptide, such as a CD8aSP.
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{00209] In some embodiments, the engineered receptor is a modified T-cell receptor. In some
embodiments, the engineered TCR is specific for a tumor antigen. In some embodiments, the tumor
antigen is selected from the group consisting of CB19, CLL1Y, GPC3, BCMA, NY-ES(-1,
VEGFR2, MAGE-A3, VEGFRZ, MAGE-A3, CD20, CD22, CD33, CD38, CEA, EGFR (such as
EGFRvII), GD2, HERZ, IGF1R, mesothelin, PSMA, ROR1, WT1, and other tumor antigens with
clinical significance. In some embodiments, the tumor antigen is derived from an intracellular
protein of tumor cells. Many TCRs specific for tumor antigens {including tumor-associated
antigens} have been described, including, for example, NY-ESO-1 cancer-testis antigen, the p33
tumor suppressor antigens, TCRs for tumor antigens in melanoma {e.g., MARTT | gp 100}, leukemia
{e.g., WT1, minor histocompatibility antigens), and breast cancer (HER2, NY-BRI1, for example).
Any of the TCRs known in the art may be used n the present application. In some embodiments,
the TCR has an enhanced affinity to the tumor antigen. Exemplary TCRs and methods for
introducing the TCRs to immune cells have been described, for example, in US5830755, and
Kessels ef ol Immunotherapy through TCR gene transfer. Nar. Immunol. 2, 957-961 (2001). In
some embodiments, the modified immune cell 1s a TCR-T cell.

{00216] The TCR receptor complex 18 an octomenic complex formed by varnable TCR receptor o
and P chains {y and & chains on case of v& T cells) with three dimeric signaling modules CD38/g,
CD3y/e and CD247 (T-cell surface glycoprotein CD3 zeta chain) [/ or {/n. Tonizable residues i the
transmembrane domain of each subunit form a polar network of mteractions that hold the complex
together. TCR complex has the function of activating signaling cascades in T cells.

{06211} In some embodiments, the engineered receptor is an engineered TCR comprising one or
more T-cell receptor {TCR} fusion proteins {TFPs}). Exemplary TFPs have been described, for
example, in US20170166622A1, which is incorporated herein by reference. In some embodiments,
the TFP comprises an extracellular domain of a TCR subunit that comprises an extracellular domam
or portion thereof of a protein selected from the group consisting of a TCR alpha chain, a TCR beta
chain, a CD3 epsilon TCR subunit, a CD3 gamma TCR subunit, a CD3 delta TCR subunit,
functional fragments thereof, and amino acid sequences thereof having at least one but not more
than 20 modifications. In some embodiments, the TFP comprises a transmembrane domain that
comprises a transmembrane domain of a protein selected from the group consisting of a TCR alpha

chain, a TCR beta chain, a CD3 epsilon TCR subunit, a CD3 gamma TCR subunit, a CD3 delta
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TCR subunit, functional fragments thereof, and amino acid sequences thereof having at least one
but not more than 20 modifications. In some embodiments, the TFP comprises a transmembrane
domain that comprises a transmembrane domain of a protein selected from the group consisting of a
TCR alpha chain, a TCR beta chain, a TCR zeta chain, a CD3 epstlon TCR subunit, a CD3 gamma
TCR subunit, a CD3 delta TCR subunit, CD45, CD4, CDS, CDS, CD9, CD16, CD22, CD33, CD28,
CD37, CDo4, CD8O, CDE&6, CD134, CD137, CD134, functional fragments thereof, and amino acid
sequences thereof having at least one but not more than 20 modifications.

{00212} In some embodiments, the TFP comprising a TCR subunit comprising at least a portion of
a TCR extracellular domain, and a TCR intracellular domain comprising a stimulatory domain from
an ntracellular signaling domain of CD3 epsilon; and an antigen binding domain, wherein the TCR
subunit and the antigen binding domain are operatively linked, and wherein the TFP incorporates
into a TCR when expressed na T cell.

[00213] In some embodiments, the TFP comprises a TCR subunit comprising at least a portion of
a TCR extracellular domam, and a TCR intracellular domain comprising a stimulatory domain from
an mtracellular signaling domain of CD3 gamma; and an antigen binding domain wherein the TCR
subunit and the antigen binding domam are operatively linked, and wherein the TFP incorporates
mio a TCR when expressed in a T cell.

[00214] In some embodiments, the TFP comprises a TCR subunit comprising at least a portion of a
TCR extracellular domain, and a TCR wtracellular domam comprising a stimulatory domain from
an intraceltular signaling domain of CD3 delta; and an antigen binding domain, wherein the TCR
subunit and the antigen binding domain are operatively linked, and wherein the TFP incorporates
mto a TCR when expressed ina T cell.

{80215] In some embodiments, the TFP comprises a TCR subunit comprising at least a portion of a
TCR extracellvlar domain, and a TCR intracellular domain comprising a stimulatory domain from
an ntracellular signaling domain of TCR alpha; and an antigen binding domain wherein the TCR
subunit and the antigen binding domain are operatively linked, and wherein the TFP incorporates
mto a TCR when expressed ina T cell.

{00216} In some embodiments, the TFP comprises a TCR subunit comprising at least a portion of a
TCR extracellular domain, and a TCR intracellular domain comprising a stimulatory domain from

an mtraceltular signaling domain of TCR beta; and an antigen binding domain wherein the TCR



WO 2023/020558 PCT/CN2022/113170

subunit and the antigen binding domain are operatively linked, and wherein the TFP incorporates
mto a TCR when expressed ina T cell.

{00217} In some embodiments, the engineered receptor is a T-cell antigen coupler (TAC) receptor.
Exemplary TAC receptors have been described, for example, in US20160368964A1, which is
incorporated herein by reference. In some embodiments, the TAC comprises a targeting domain, a
TCR-binding domain that specifically binds a protein associated with the TCR complex, and a T~
cell receptor signaling domain. In some embodiments, the targeting domain is an antibody fragment,
such as scFv or VaH, which specifically binds to a tumor antigen. In some embodiments, the
targeting domain is a designed Ankyrin repeat (D ARPin) polypeptide. In some embodiments, the
tumor antigen 1s selected from the group consisting of CD19, GPC3, CLL1, BCMA, NY-ESQO-1,
VEGFR2, MAGE-A3, VEGFR2, MAGE-A3, CD20, CD22, CD33, CD38, CEA, EGFR (such as
EGFRVIID, GD2, HER2, IGFIR, mesothelin, PSMA, ROR1, WTI1, and other tumor antigens with
chinical sigruficance. In some embodiments, the protein associated with the TCR complex 1s CD3,
such as CD3e. In some embodiments, the TCR-binding domain 1s a single chain antibody, such as
scFv, or a VeH. In some embodiments, the TCR-binding domain is derived from UCHTI. In some
embodiments, the TAC receptor comprises a cytosolic domain and a transmembrane domain. In
some embodiments, the T-cell receptor signaling domain comprises a cytosolic domain derived
from a TCR co-receptor. Exemplary TCR co-receptors include, but are not limited to, CD4, CDE,
CD28, CD4S, CD4, CDS, CD9, CD16, CD22, CD33, CD37, CD64, CDSO0, CDRS, CD134, CD137
and CD154. In some embodiments, the TAC receptor comprises a transmembrane domain and a
cytosolic domain derived from CD4. In some embodiments, the TAC receptor comprises a
transmembrane domain and a cytosolic domain derived from CD8 (such as CD8au).

[00218] T cell co-receptors are expressed as membrane protein on T cells. They can provide
stabihization of the TCR: peptide: MHC complex and facilitate signal transduction. The two
subtypes of T cell co-receptor, D4 and CD8, display strong specificity for particular MHC
classes. The CD4 co-receptor can only stabilize TCR: MHC 11 complexes while the CD8 co-
receptor can only stabilize the TCR: MHC I complex. The differential expression of CD24 and CD8
on different T cell types results in distinct T cell functional subpopulations. D8+ T cells are

cytotoxic T cells.
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{00219] (D4 1s a glycoprotein expressed on the surface of immune cells such as T helper cells,
monocytes, macrophages, and dendritic cells. D4 has four immunogiobulin domains (B to Da)
exposed on the extracellular cell surface. U4 contains a special sequence of amino acids on its
short cytoplasmic/intracellular tail, which allow CD4 tail to recruit and mteract with the tyrosine
kinase Lck. When the TCR complex and CD4 each bind to distinct regions of the MHC Il molecule,
the close proximity between the TCR complex and CD4 allows Lek bound to the cytoplasmic tail of
CD4 to tyrosine-phosphorylate the Immunoreceptor Tyrosine Activation Motifs (ITAM)} on the
cytoplasmic domains of CD3, thus amplifying TCR generated signal

{00228] CDE 1s a glycoprotein of etther a homodimer composed of two a chains (less common), or
a heterodimer composed of one o and one f chain (more common), each comprising an
iwamunoglobulin variable (IgV)-like extracellular domain connected to the membrane by a thin
stalk, and an mtracellular tail. CD8 s predominantly expressed on the surface of cytotoxic T cells,
but can also be found on natural killer cells, cortical thymocytes, and dendritic cells. The CDR
cytoplasmic tail interacts with Lck, which phosphorylates the cytoplasmic CD3 and (-chains of the
TCR complex once TCR binds its specific antigen. Tyrosine-phosphorylation on the cytoplasmic
CD3 and {~chains tmbates a cascade of phosphorviation, eventually leading to gene transcription.
{00221] In some embodiments, the modified nomune cell expresses more than one engineered
receptors, such as any combination of CAR, TCR, TAC receptor.

{80222] In some embodiments, the engineered receptor {such as CAR, TCR, or TAC) expressed by
the modified immune cell targets one or more tumor antigens. Tumor antigens are proteins that are
produced by tumor cells that can elicit an immune response, particularly T-cell mediated immune
responses. The selection of the targeted antigen of the disclosure will depend on the particular type
of cancer to be treated. Exemplary tumor antigens include, for example, a glioma-associated
antigen, carcingembryonic antigen {CEA}, B-human chorionic gonadotropin, alphafetoprotein
{AFP), lectin-reactive AFP, thyroglobulin, RAGE-1, MN-CAIX, human telomerase reverse
transcriptase, RU1, RUZ (AS), intestinal carboxyl esterase, mut hsp70-2, M-CSF, prostase, prostate-
spectfic antigen (PSA), PAP, NY-ESO-1, LAGE-la, p53, CLL1, BCMA, GPC3, CD19, prostein,
PSMA, HERZ/neu, survivin and telomerase, prostate-carcinoma tumor antigen-1 (PCTA-1),
MAGE, ELF2M, neutrophil elastase, ephrinB2, CD22, insuhin growth factor (IGF)-1, IGF-II, IGF-I

receptor and mesothelin,
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{00223] In some embodiments, the tumor antigen comprises one or more antigenic cancer epriopes
associated with a malignant tumor. Malignant tumors express a number of proteins that can serve as
target antigens for an immune attack. These molecules include but are not himited to tissue-specific
antigens such as MART-1, tyrosinase and gpl00 in melanoma and prostatic acid phosphatase (PAP)
and prostate-specific antigen (PSA) in prostate cancer. Other target molecules belong to the group
of transformation-related molecules such as the oncogene HER2/Neuw/ErbB-2. Yet another group of
target antigens are onco-fetal antigens such as carcinoembryonic antigen (CEA). In B-cell
lymphoma the tumor-specific idiotype immunoglobulin constitutes a truly tumor-specific
immunoglobulin antigen that is unique to the individual tumor. B cell differentiation antigens such
as CD19, CD20 and CD37 are other candidates for target antigens in B-cell lymphoma.

[00224] In some embodiments, the tumor antigen 13 a tumor-specific antigen (TSA) or a tumor-
associated antigen (TAA). A TSA 15 unique to tumor cells and does not occur on other cells in the
body. A TAA associated antigen 13 not unique to a tumor cell, and mstead 15 also expressed ona
normal cell under conditions that fail to induce a state of immunologic tolerance to the antigen. The
expression of the antigen on the tumor may occur under conditions that enable the immune system
to respond to the antigen. TAAs may be antigens that are expressed on normal cells during fetal
development, when the rmmune systern 18 immature, and unable to respond or they may be antigens
that are normally present at extremely low levels on normal cells, but which are expressed at much
higher levels on tumor cells.

{00225] Non-limiting examples of TSA or TAA antigens include the following: Differentiation
antigens such as MART-1/MelanA (MART-1}, gp 100 (Pmel 17}, tyrosinase, TRP-1, TRP-2 and
tumor-spectiic multilineage antigens such as MAGE-1, MAGE-3, BAGE, GAGE-1, GAGE-2, pl5;
overexpressed embryonic antigens such as CEA; overexpressed oncogenes and mutated tumor-
suppressor genes such as pS3, Ras, HERZ/neu; unique tumor antigens resulting from chromosomal
translocations; such as BCR-ABL, EZA-PRL, H4-RET, IGH-IGK, MYL-RAR; and viral antigens,
such as the Epstein Barr virus antigens EBV A and the human papillomavirus (HPV) antigens E6
and E7. Other large, protein-based antigens include TSP-180, MAGE-4, MAGE-5, MAGE-6,
RAGE, NY-ESQO, pl85SerbB2, pl80erbB-3, c-met, nm-23HI, PSA, TAG-72, CA 19-9, CA 72-4,
CAM 17.1, NuMa, K-ras, beta-Catenin, CDK4, Mum-1, p 15, p 16, 43-9F, 5T4, 791 Tep72, alpha-
fetoprotein, beta-HCG, BCA225 BTAA, CA 125 CA 15-3\CA 27 298BCAA, CA 195, CA 242,
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CA-50, CAM43, CD68\P1, CO-029, FGF-5, G250, Ga733\EpCAM, HTep-175, M344, MA-50,
MG7-Ag, MOV1S, NB/70K, NY-CO-1, RCAS 1, SDCCAG16, TA-90\Mac-2 binding
protein\cyclophilin C-associated protein, TAALGS, TAG72, TLP, and TPS.

Nucleic acids

{00226] The modified immune cells described herein comprises one or more heterslogous nucleic
acids sequence(s} encoding any one of the TLR polypeptides {(e.g., a first polypeptide and/or a
second polypeptide) and/or engineered receptors described herein.

{00227} In some embodiments, there is provided an isolated nucleic acid comprising a nucleic acid
sequence encoding any one of the polypeptides (e.g., TLR polypeptides) described herein. In some
embodiments, there 1s provided an isolated nucleic acid comprising a nucleic acid sequence
encoding any one of the engineered receptors described herein. In some embodiments, the nucleic
acid s a DNA. In some embodiments, the nucleic acid 1s a RNA. In some embodiments, the nucleic
acid is linear. In some embodiments, the nucleic acid is circular.

{60228] The nucleic acid sequence encoding a first polypeptide, a second polypeptide, and/or the
nucleic acid encoding the engineered receptor may be operably linked to one or more regulatory
sequences. Exemplary regulatory sequences that control the transcription and/or translation of a
coding sequence are known in the art and may include, but not limited to, a promoter, additional
elements for proper inthiation, regulation and/or termunation of transcription {e.g. polyA
transcription termination sequences), mRNA transport (e.g. nuclear localization signal sequences},
processing {e.g. splicing signals), stability {e.g. introns and non-coding 5" and 37 sequences),
translation {e.g. an initiator Met, tripartite leader sequences, IRES ribosome binding sites, signal
peptides, eic.), and nsertion site for introducing an msert into the viral vector. In some
embodiments, the regulatory sequence is a promoter, a transcriptional enhancer and/or a sequence
that allows for proper expression of the TLR polypeptide and/or the engineered receptor.

{06229] The term “regulatory sequence” or “control sequence” refers to a DNA sequence that
affects the expression of a coding sequence to which it is operably linked. The nature of such
regulatory sequences differs depending upon the host organism. In prokaryotes, regulatory

sequences generally include promoters, ribosomal binding sites, and terminators. In eukaryotes,
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regulatory sequences include promoters, termuinators and, in some instances, enhancers,
transactivators or transcription factors.

{00238] The term “operably linked” refers to a juxtaposition wherein the components so described
are in a relationship permitting them to function in their intended manner. A regulatory sequence
“operably linked” to a coding sequence is ligated in such a way that expression of the coding
sequence is achieved under conditions compatible with the regulatory sequences.

{00231] As used herein, a “promoter” or a “promoter region” refers to a segment of DNA or RNA
that controls transcription of the DNA or RNA to which it 15 operatively linked.

The promoter region includes specific sequences that are involved in RNA polymerase recognition,
binding and transcription initiation. In addition, the promoter includes sequences that modulate
recognition, binding and transcription mitiation activity of RNA polymerase (i.e., binding of one or
more transcription factors). These sequences can be ¢is acting or can be responsive to frans acting
factors. Promoters, depending upon the nature of the regulation, can be constitutive or regulated.
Regulated promoters can be mducible or environmentally responsive {e.g. respond to cues such as
pH, anaerobic conditions, osmoticum, temperature, hight, or cell density). Many

such promoter sequences are known in the art. See, for example, U.S. Pat. Nos. 4,980,285,
5,631,150, 5,707,928; 5,759,828, 5,888,783, 5,919,670, and, Sambrook, ef ¢l., Molecular Cloning:
A Laboratory Manual, 2nd Ed., Cold Spring Harbor Press (1989).

[80232] In some embodiments, the nucleic acid sequence encoding the first polypeptide 1s operably
linked to a first promoter. In some embodiments, the nucleic acid sequence encoding the second
polypeptide 15 operably linked to a second promoter. In some embodiments, the first polypeptide 1s
the same as the second polypeptide, and the first nucleic acid encodes both the first polypeptide and
the second polypeptide. In some embodiments, the nucleic acid sequence encoding the first
polyvpeptide and the nucleic acid sequence encoding the second polypeptide are operably linked to
the same promoter. In some embodiments, the nucleic acid sequence encoding the first polypeptide
and the nucleic acid sequence encoding the second polypeptide are operably linked to separate
promoters.

{00233] In some embodiments, the modified immune cell comprises a third nucleic acid encoding
the engineered receptor. In some embodiments, the first nucleic acid and the third nucleic acid are

operably linked to the same promoter. In some embodiments, the first nucleic acid and the third
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nucleic acid are operably linked to separate promoters. In some embodiments, the second nucleic
actd and the third nucleic acid are operably linked to the same promoter. In some embodimenits, the
second nucleic acid and the third nucleic acid are operably linked to separate promoters. In some
embodiments, the first nucleic acid, the second nucleic acid, and the third nucleic acid are operably
linked to the same promoter. In some embodiments, the first nucleic acid, the second nucleic acid,
and the third nucleic acid are operably linked to separate promoters.

00234] In some embodiments, the promoter is an endogenous promoter. For example, a nucleic
actd encoding the first polypeptide, the second polypeptide, and/or the engineered receptor may be
knocked-in to the genome of the modified immune cell downstream of an endogenous promoter
using any methods known in the art, such as CRISPR/Cas9 method. In some embodiments, the
endogenous promoter is a promoter for an abundant protein, such as beta-actin. In some
embodiments, the endogenous promoter is an inducible promoter, for example, inducible by an
endogenous activation signal of the modified omune cell. In some embodiments, wherein the
modified immune cell 15 a T cell, the promoter s a T cell activation-dependent promoter (such as an
IL-2 promoter, an NFAT promoter, or an NFxB promoter}. In some embodiments, the promoter s a
heterologous promoter.

[00235] Varneties of promoters have been explored for gene expression in mammalian cells, and
any of the promoters known in the art may be used in the present application. Promoters may be
roughly categorized as constitutive promoters or regulated promoters, such as inducible promoters.
In some embodiments, the heterologous nucleic acid sequence encoding the first polypeptide, the
second polypeptide, and/or the engineered recepior s operably linked to a constitutive promoter. In
some embodiments, the heterologous nucleic acid sequence encoding the first polypeptide, the
second polypeptide, and/or the engineered receptor is operably hinked to an mducible promoter. In
some embodiments, a first constitutive promoter 1s operably linked to the nucleic acid sequence
encoding the first polypeptide, a second constitutive promoter 1s operably hinked to the nucleic acid
sequence encoding the second polypeptide, and an inducible promoter 15 operably linked to the
nucleic acid sequence encoding the engineered receptor. In some embodiments, a first constitutive
promoter is operably linked to the nucleic acid sequence encoding the first polypeptide, a second
constitutive promoter is operably linked to the nucleic acid sequence encoding the second

polypeptide, and third constitutive promoter is operably hinked to the nucleic acid sequence
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encoding the engineered receptor. In some embodiments, a first constitutive promoter 1s operably
linked to the nucleic acid sequence encoding the first polypeptide, a second constitutive promoter 1s
operably linked to the nucleic acid sequence encoding the second polypeptide, and an inducible
promoter is operably linked to the nucleic acid sequence encoding the engineered receptor. In some
embodiments, a first constitutive promoter 1s operably linked to the nucleic acid sequence encoding
the first polypeptide, a second constitutive promoter 1s operably linked to the nucleic acid sequence
encoding the engineered receptor, and an inducible promoter is operably linked to the nucleic acid
sequence encoding the second polypeptide. In some embodiments, a first constitutive promoter is
operably linked to the nucleic acid sequence encoding the second polypeptide, a second constitutive
promoter s operably linked to the nucleic acid sequence encoding the engineered receptor, and an
inducible promoter 15 operably linked to the nucleic acid sequence encoding the first polypeptide. In
some embodiments, a first constitutive promoter 1s operably linked to the nucleic acid sequence
encoding the first polypeptide, a first inducible promoter 15 operably linked to the nucleic acid
sequence encoding the engineered receptor, and a second inducible promoter 18 operably linked to
the nucleic acid sequence encoding the second polypeptide. In some embodiments, a first
constitutive promoter is operably linked to the nucleic acid sequence encoding the second
polypeptide, a first inducible promoter 15 operably hinked to the nucleic acid sequence encoding the
engineered receptor, and a second inducible promoter 1s operably hnked to the nucleic acid
sequence encoding the first polypeptide. In some embodiments, a first constitutive promoter is
operably linked to the nucleic acid sequence encoding the engineered receptor, a first inducible
promoter is operably linked to the nucleic acid sequence encoding the second polypeptide, and a
second mducible promoter is operably linked to the nucleic acid sequence encoding the first
polypeptide.

{00236] In some embodiments, a first inducible promoter 1s operably linked to the nucleic acid
sequence encoding the first polypeptide, a second inducible promoter 15 operably linked to the
nucleic acid sequence encoding the second polypeptide, and a third inducible promoter is operably
linked to the nucleic acid sequence encoding the engineered receptor. In some embodiments, a first
nducible promoter is operably linked to the nucleic acid sequence encoding the first polypeptide, a
second inducible promoter is operably linked to the nucleic acid sequence encoding the second

polypeptide, and a constitutive promoter 1s operably linked to the nucleic acid sequence encoding
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the engineered receptor. In some embodiments, a first inducible promoter is operably linked to the
nucleic acid sequence encoding the first polypeptide, a second inducible promoter is operably linked
to the nucleic acid sequence encoding the engineered receptor, and a constitutive promoter is
operably linked to the nucleic acid sequence encoding the second polypeptide. In some
embodiments, a first inducible promoter is operably linked to the nucleic acid sequence encoding
the second polypeptide, a second inducible promoter 1s operably linked to the nucleic acid sequence
encoding the engineered receptor, and a constitutive promoter s operably linked to the nucleic acid
sequence encoding the first polypeptide. In some embodiments, a first inducible promoter 15
operably linked to the nucleic acid sequence encoding the first polypeptide, a first constitutive
promoter 1s operably linked to the nucleic acid sequence encoding the engineered receptor, and a
second constitutive promoter is operably linked to the nucleic acid sequence encoding the second
polypeptide. In some embodiments, a first inducible promoter is operably linked to the nucleic acid
sequence encoding the second polypeptide, a first constitutive promoter is operably linked to the
nucleic acid sequence encoding the engineered receptor, and a second constitutive promoter is
operably linked to the nucleic acid sequence encoding the first polypeptide. In some embodiments, a
first inducible promoter is operably linked to the nucleic acid sequence encoding the engineered
receptor, a first constitutive promoter 1s operably linked to the nucleic acid sequence encoding the
second polypeptide, and a second constitutive promoter 15 operably linked to the nucleic acid
sequence encoding the first polypeptide.

{00237} In some embodiments, the first inducible promoter 1s inducible by a first inducing
condition, the second inducible promoter 1s inducible by a second inducing condition, and the third
mnducible promoter 1s inducible by a third inducing condition. In some embodiments, the first
mducing condition is the same as the second inducing condition. In some embodiments, the first
mducing condition is the same as the third inducing condition. In some embodiments, the second
mducing condition is the same as the third inducing condition. In some embodiments, the first
mnducing condition, the second inducing condition, and the third inducing condition are all the same.
In some embodiments, the first inductble promoter and the second inducible promoter are induced
stimultaneously. In some embodiments, the first inducible promoter and the third inducible promoter
are induced simultaneously. In some embodiments, the second inducible promoter and the third

inducible promoter are induced simultaneously. In some embodiments, the first inducible promoter,
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the second inducible promoter, and the third inducible promoter are all induced simultaneously. In
some embodiments, the first inducible promoter, the second inducible promoter, and the third
mductble promoter are induced sequentially, for example, the first inducible promoter is mduced
prior to the second inducible promoter and the second inducible promoter 1s induced prior to the
third inducible promoter, the first inducible promoter is induced after the second inducible promoter
and the second inducible promoter 1s induced prior to the third inducible promoter, or the first
inducible promoter 1s induced after the second inducible promoter and the second inducible
promoter 15 induced after to the third inductble promoter.

{00238] Constitutive promoters allow heterologous genes {also referred to as transgenes) to be
expressed constitutively 1n the host cells. Exemplary constitutive promoters contemplated herein
nclude, but are not limited to, Cytomegalovirus (CMV) promoters, human elongation factors-
lalpha (hEFa), ubiquitin C promoter (UbiC), phosphoglycerckinase promoter (PGK), simian virus
40 early promoter (SV40), and chicken -Actin promoter coupled with CMV early enhancer
{(CAGG). The efficiencies of such constitutive promoters on driving transgene expression have been
widely compared 1n a huge number of studies. In some embodiments, the promoter 1s a hEFla
promoter.

{80239] In some embodiments, the promoter 1s an inducible promoter. Inducible promoters belong
to the category of regulated promoters. The inducible promoter can be mnduced by one or more
conditions, such as a physical condition, microenvironment of the modified smmune cell, or the
physiological state of the modified immune cell, an mducer (i.e., an inducing agent), or a
combination thereof. In some embodiments, the mducing condition does not induce the expression
of endogenous genes in the modified immune cell, and/or in the subject that receives the
pharmaceutical composition. In some embodiments, the inducing condition 1s selected from the
group consisting of. inducer, wrradiation (such as 1onizing radiation, light), temperature (such as
heat), redox state, tumor environment, and the activation state of the modified immune ceil.

{00240} In some embodiments, the promoter is inducible by an inducer. In some embodiments, the
mducer is a small molecule, such as a chemical compound. In some embodiments, the small
molecule 1s selected from the group consisting of doxycycline, tetracycline, alcohol, metal, or
steroids. Chemically-induced promoters have been most widely explored. Such promoters includes

promoters whose transcriptional activity is regulated by the presence or absence of a small molecule
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chemical, such as doxycycline, tetracycline, alcohol, steroids, metal and other compounds.
Doxyeychine-inducible system with reverse tetracycline-controlied transactivator {rtTA) and
tetracycline-responsive element promoter {TRE) is the most established system at present.
W(09429442 describes the tight control of gene expression in eukaryotic cells by tetracycline
responsive promoters. WO9601313 discloses tetracycline-regulated transcriptional modulators.
Additionally, Tet technology, such as the Tet-on system, has described, for example, on the website
of TetSystems.com. Any of the known chemically regulated promoters may be used to drive
expression of the therapeutic protein in the present application.

{00241} In some embodiments, the inducer is a polypeptide, such as a growth factor, a hormone, or
a higand to a cell surface receptor, for example, a polypeptide that specifically binds a tumor
antigen. In some embodiments, the polypeptide is expressed by the modified immune cell. In some
embodiments, the polypeptide is encoded by a nucleic acid in the heterologous nucleic acid. Many
polypeptide inducers are also known in the art, and they may be suitable for use in the present
application. For example, ecdysone receptor-based gene switches, progesterone receptor-based gene
switches, and estrogen receptor based gene switches belong to gene switches employing steroid
receptor derived transactivators (W(9637609 and W0O9738117 erc.).

{80242] In some embodiments, the inducer comprises both a small molecule component and one or
more polypeptides. For example, inducible promoters that dependent on dimerization of
polypeptides are known 1n the art, and may be suitable for use n the present application. The first
small molecule CID system, developed in 1993, used FK 1012, a dertvative of the drug FK506, to
induce homo-dimerization of FKBP. By emploving simutlar strategies, Wu ef of successfully make
the CAR-T cells titratable through an ON-switch manner by using Rapalog/FKPB-FRB* and
(nbberelline/GID1-GAT dimerization dependent gene switch (C.-Y. Wu ef af., Science 350,
aab4077 (2015}). Other dimerization dependent switch systems include Coumermycin/GyrB-GyrB
{Nature 383 (65906} 178-81), and HaX$/ Snap-tag-HaloTag {Chemistry and Biology 20 {(4): 549-
7).

{00243} In some embodiments, the promoter 1s a light-inducible promoter, and the inducing
condition 1s light. Light inducible promaoters for regulating gene expression in mammalian cells are
also well-known in the art {see, for example, Science 332, 1565-1568 (2011); Nat. Methods 9, 266-
269 (2012); Nature 500: 472-476 (2013); Nature Neuroscience 18:1202-1212 (2015)). Such gene

17



WO 2023/020558 PCT/CN2022/113170

regulation systems can be roughly divided imto two categories based on their regulations of {1} DNA
binding or (2} recruitment of a transcriptional activation domain to a DNA bound protein. For
instance, synthetic mammalian blue light controlled transcription system based on melanopsin
which, in response to blue light (480 nmy), triggers an intracellular calcium increase that result in
calcineurin-mediated mobilization of NFAT, were developed and tested in mammalian cells. More
recently, Motta-Mena ef af described a new inducible gene expression system developed from
naturally occurring EL222 transcription factor that confers high-level, blue light-sensitive control of
transcriptional initiation in human cell lines and zebrafish embryos (Nat. Chem. Biol. 10{3):196-202
(2014}). Additionally, the red light induced 1nteraction of photoreceptor phytochrome B (PhyB) and
phytochrome-interacting factor & (PIFG) of Arabidopsis thaliana was explotted for a red light
triggered gene expression regulation. Furthermore, ultraviolet B (UVB)-inducible gene expression
systern were also developed and proven to be efficient in target gene transcription in mammalian
cells (Chapter 25 of Gene and Cell Therapy: Therapeutic Mechanisms and Strategies, Fourth
Edition CRC Press, Jan. 20%,2015). Any of the light-inducible promoters described herein may be
used to drive expression of the therapeutic protein in the present application.

{00244] In some embodiments, the promoter 13 a light~inducible promoter that s induced by a
combination of a light-inducible molecule, and hight. For example, a hight-cleavable photocaged
group on a chemical inducer keeps the inducer inactive, unless the photocaged group s removed
through wradiation or by other means. Such hight-inducible molecules include small molecule
compounds, oligonucleotides, and proteins. For example, caged ecdysone, caged IPTG for use with
the lac operon, caged toyocamycin for ribozyme-mediated gene expression, caged doxyeycline for
use with the Tet-on system, and caged Rapalog for light mediated FKBP/FRB dimerization have
been developed (see, for example, Curr Opin Chem Biol. 16(3-4): 292-299 (2012}}.

{00245] In some embodiments, the promoter 18 a radiation-inducible promoter, and the inducing
condition 1s radiation, such as ionizing radiation. Radiation inducible promoters are also known in
the art to control transgene expression. Alteration of gene expression occurs upon irradiation of
cells. For example, a group of genes known as “immediate early genes” can react promptly upon
wonizing radiation. Exemplary immediate early genes include, but are not limited to, Erg-1,
p2U/WAF-1, GADD43alpha, t-PA, c-Fos, c-Jun, NF-kappaB, and AP1. The immediate early genes

comprise radiation responsive sequences in their promoter regions. Consensus sequences
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CC(A/T6GG have been found in the Erg-1 promoter, and are referred to as serum response
elements or known as CArG elements. Combinations of radiation induced promoters and transgenes
have been intensively studied and proven to be efficient with therapeutic benefits. See, for example,
Cancer Biol Ther. 6(7):1005-12 (2007} and Chapter 25 of Gene and Cell Therapy: Therapeutic
Mechanisms and Strategies, Fourth Edition CRC Press, Jan. 20", 2015.

{00246] In some embodiments, the promoter is a heat inducible promoter, and the inducing
condition is heat Heat inducible promoters driving transgene expression have also been widely
studied in the art. Heat shock or stress protein (HSP) including Hsp90, Hsp70, Hsp60, Hsp40,
Hspl0 efc. plays important roles in protecting cells under heat or other physical and chemical
stresses. Several heat inducible promoters including heat-shock protein (HSP) promoters and
growth arrest and DNA damage (GADD) 153 promoters have been attempted in pre-clinical studies.
The promoter of human Asp708 gene, which was first described 1n 1985 appears to be one of the
most highly-efficient heat inducible promoters. Huang er @f reported that after introduction of
hsp70B-EGFP, hisp70B-TNFalpha and hsp70B-1L12 coding sequences, tumor cells expressed
extremely high transgene expression upon heat treatment, while 1n the absence of heat treatment, the
expression of transgenes were not detected. And tumor growth was delayed significantly 1 the IL12
transgene plus heat treated group of mice in vivo (Cancer Res. 60:3435 {(2000)). Another group of
scientists binked the ASV-#k swicide gene to hsp70B promoter and test the system tn nude mice
bearing mouse breast cancer. Mice whose tumor had been administered the fsp70B-HSVik coding
sequence and heat treated showed tumor regression and a significant survival rate as compared to no
heat treatment controls (Hum. Gene Ther. 11:2453 (2000}). Additional heat inducible promoters
known in the art can be found in, for example, Chapter 25 of Gene and Cell Therapy: Therapeutic
Mechanisms and Strategies, Fourth Edition CRC Press, Jan. 20%, 2015. Any of the heat-inducible
promoters discussed herein may be used to drive the expression of the therapeutic protein of the
present application.

{00247} In some embodiments, the promoter is inducible by a redox state. Exemplary promoters
that are inducible by redox state include inducible promoter and hypoxia inducible promoters. For
mstance, Post DE er af developed hypoxia-inducible factor (HIF) responsive promoter which
specifically and strongly induce transgene expression in HiF-active tumor cells {Gene Ther. §:

1801-1807 (2001); Cancer Res. 67: 6872-0881 (2007}).

1S



WO 2023/020558 PCT/CN2022/113170

{00248] In some embodiments, the promoter is inducible by the physislogical state, such as an
endogenous activation signal, of the modified immune cell. In some embodiments, wherein the
modified immune cell is 3 T cell, the promoter 1s a T cell activation-dependent promoter, which is
mductble by the endogenous activation signal of the modified T cell. In some embodiments, the
modified T cell 1s activated by an inducer, such as phorbol myristate acetate (PMA), tonomycin, or
phytohaemagglutinin. In some embodiments, the modified T cell is activated by recognition of a
tumor antigen on the tumor cells via the engineered receptor (such as CAR, TCR or TAC). In some
embodiments, the T cell activation-dependent promoter is an [L-2 promoter. In some embodiments,
the T cell activation-dependent promoter is an NFAT promoter. In some embodiments, the T cell
activation-dependent promoter is a NFxB promoter.

{06249] The heterologous nucleic acid sequences{s} described herein can be present in a
heterologous gene expression cassette, which comprises one or more protein-coding sequences and
optionally one or more promoters. In some embodiments, the heterologous gene expression cassette
comprises a single protein-coding sequence. In some embodiments, the heterologous gene
expression cassette comprises two or more protein-coding sequences driven by a single promoter
(i.e., polycistronic}. In some embodiments, the heterologous gene expression cassette further
comprises one or more regulatory sequences (such as SUTR, 3’UTR, enhancer sequence, IRES,
transcription termimation sequence), recombination sites, one or more selection markers {(such as
antibiotic resistance gene, reporter gene, efc ), signal sequence, or combinations thereof.

[00230] In some embodiments, there is provided a vector comprising any one of the nucleic acids
encoding the first polypeptides and/or the engineered receptors described heremn. In some
embodiments, there is provided a vector comprising a first nucleic acid sequence encoding any one
of the first polypeptides described herein and a second nucleic acid sequence encoding any one of
the engineered receptors described herem. In some embodiments, the first nucleic acid sequence
encoding the first polypeptide 1s fused to the second nucleic acid sequence encoding the engineered
receptor via a third nucleic acid sequence encoding a self-cleavable linker, such as P2ZA, T2A, E2A,
or F2A peptide. In some embodiments, the P2A sequence 1s GSGATNFSLLKQAGDVEENPGP
{SEQ ID NO: 24). In some embodiments, there 1s provided a composition comprising a first vector
comprising a first nucleic acid sequence encoding any one of the first polypeptides described herein,

and a second vector comprising a second nucleic acid sequence encoding any one of the engineered
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receptors described herein. In some embodiments, there is provided a vector comprising a first
nucleic acid sequence encoding a CAR (e.g., a CD19 CAR or CLLT CAR} and a second nucleic
acid sequence encoding a first polypeptide, wherein the first nucleic acid sequence is fused to the
second nucleic acid sequence via a third nucleic acid sequence encoding a seif-cleavable linker,
such as PZA. In some embodiments, the vector comprises a nucleic acid sequence encoding the
amino acid sequence of SEQ ID NO: 1.

{00251] In some embodiments, there s provided a vector comprising any one of the nucleic acids
encoding the first polypeptides, the second polypeptides, and/or the engineered receptors described
herein. In some embodiments, there 1s provided a vector comprising a first nucleic acid sequence
encoding any one of the first polypeptides described herein, a second nucleic acid sequence
encoding any one of the second polypeptides described herein, and a third nucleic acid sequence
encoding any one of the engineered receptors described herein. In some embodiments, the first
nucleic acid sequence encoding the first polypeptide 1s fused to the second nucleic acid sequence
encoding the engineered receptor via a fourth nucleic acid sequence encoding a self-cleavable
hinker, such as P2A, T2A, E2A, or F2A peptide. Tn some embodiments, the {irst nucleic acid
sequence encoding the first polypeptide 1s additionally fused to the third nucleic acid sequence
encoding the second polypeptide via a fifth nucleic acid sequence encoding a self-cleavable linker,
such as P2ZA, T2A, E2A, or F2A peptide. In some embodiments, the P2A sequence 1s
GSGATNFSLLKQAGDVEENPGP (SEQ 1D NO: 24). In some embodiments, there 13 provided a
composition comprising a first vector comprising a first nucleic acid sequence encoding any one of
the first polypeptides described herein, a second vector comprising a second nucleic acid sequence
encoding any one of the second polypeptides described herein, and a third vector comprising a third
nucleic acid sequence encoding any one of the engineered receptors described herein. In some
embodiments, there is provided a vector comprising a first nucleic acid sequence encoding a CAR
{e.g.,a CDI9 CAR or a CLL1 CAR), a second nucleic acid sequence encoding a first polypeptide,
and a third nucleic acid sequence encoding a second polypeptide, wherein the first nucleic acid
sequence is fused to the second nucleic acid sequence via a fourth nucleic acid sequence encoding a
self-cleavable linker, such as P2A, and wherein the second nucleic acid sequence is fused to the

third nucleic acid sequence via a fifth nucleic acid sequence encoding a self-cleavable linker, such
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as P2A. In some embodiments, the vector comprises a nucleic acid sequence encoding the amino
actd sequence of SEQ ID NO: 3.

{00252] A "vector" 1s a composition of matter which comprises an isolated nucleic acid and which
can be used to deliver the isolated nucleic acid to the interior of a cell. Numerous vectors are known
in the art including, but not limited to, linear polynucleotides, polynucleotides associated with ionic
or amphiphilic compounds, plasmids, and viruses. In general, a suitable vector contains an origin of
replication functional in at least one organism, a promoter sequence, convenient restriction
endonuclease sites, and one or more selectable markers. The term “vector” should also be construed
to include non-plasmid and non-viral compounds which facilitate transfer of nucleic acid into cells,
such as, for example, polylysine compounds, liposomes, and the like.

[00233] In some embodiments, the vector 1s a viral vector. Examples of viral vectors include, but
are not limited to, adenoviral vectors, adenc-associated virus vectors, lentiviral vector, retroviral
vectors, vaccinia vector, herpes simplex viral vector, and derivatives thereof. Viral vector
technology 1s well known in the art and 15 described, for example, in Sambrook er al. (2001,
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, New York), and in
other virology and molecular biology manuals.

[80234] A number of viral based systems have been developed for gene transfer into mammalian
cells. For example, retroviruses provide a conventent platform for gene delivery systems. The
heterologous nucleic acid can be mserted 1nto a vector and packaged mn retroviral particles using
technigues known in the art. The recombinant virus can then be isolated and delivered to the
modified immune cell in vitro or ex vivoe. A number of retroviral systems are known in the art. In
some embodiments, adenovirus veciors are used. In some embodiments, lentivirus vectors are used.
In some embodiments, self-inactivating lentiviral vectors are used. For example, self-inactivating
lentiviral vectors can be packaged with protocols known in the art. The resulting lentiviral vectors
can be used to transduce a mammahian cell (such as human T cells) using methods known in the art.
{00255] In some embodiments, the vector 15 a non-viral vector, such as a plasmud, or an episomal
expression vector.

{00256] In some embodiments, the vector is an expression vector. “Expression vector” is a
construct that can be used to transform a selected host and provides for expression of a coding

sequence in the selected host. Expression vectors can for instance be cloning vectors, binary vectors
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or integrating vectors. Expression comprises transcription of the nucleic acid molecule preferably
nto a translatable mRNA. Regulatory elements ensuring expression in eukaryotic cells are well
known to those skilled in the art. In the case of eukaryotic cells they comprise normally promaoters
ensuring initiation of transcription and optionally poly-A signals ensuring termination of
transcription and stabilization of the transcript. Examples of regulatory elements permitting
expression in eukaryotic host cells are AOX1 or GAL1T promoter in veast or the CMV-, SV40-,
RSV-promoter (Rous sarcoma virus), CMV-enhancer, SV40-enhancer or a globin intron in
mammalian and other amimal cells. Furthermore, depending on the expression system used signal
peptides {e.g., leader sequences) capable of directing the polypeptide to a cellular compartment or
secreting it into the medium may be added to the coding sequence of the recited nucleic acid
sequence and are well known in the art. The signal peptides(s) is {are} assembled in appropriate
phase with translation, initiation and ternunation sequences, and preferably, a signal peptide capable
of directing secretion of translated protein, or a portion thereof, into the periplasmic space or
extracellular medium. Optionally, the nucleic acid sequence can encode a fusion protein including
an N-terminal identification peptide imparting desired characteristics, e.g., stabilization or
simnplified purification of expressed recombinant product. Suitable expression vectors are known in
the art such as Okayama-Berg ¢cDNA expression vector pcDV1 (Pharmacia), pEF-Neo, pCDME,
pRe/CMY, peDNAL, peBNA3 (Invitrogen}, pEF-DHFR and pEF-ADA, (Raum et al,, Cancer
Immunol Inmunother (2001) 50(3), 141-150} or pSPORT1 (GIBCO BRL)

Methods of preparation

{80237] The present application also provides methods of preparing any one of the modified
mmune cells described heren

{06258] In some embodiments, there is provided a method of producing a modified immune cell,
comprising: introducing into a precursor immune cell a first nucleic acid encoding the first
polypeptide and optionally a second nucleic acid encoding the second polypeptide. In some
embodiments, the precursor immune cell 1s selected from the group consisting of a cytotoxic T cell,
a helper T cell, a natural killer (NK) cell, an NK-T cell, an i{NK-T cell, an NK-T like cell, an af3T
cell and a y0T cell. In some embodiments, the precursor immune cell is a cytotoxic T cell. In some

embodiments, the precursor immune cell 1s a v0T cell. In some embodiments, the precursor immune
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cell is a tumor-infiltrating T cell or BC-activated T cell. In some embodiments, the precursor
immune cell comprises any one of the engineered receptors described herein. In some embodiments,
the method further comprises introducing nto the precursor immumne cell a third nucleic acid
encoding any one of the engineered receptors described herein.

{00259] In some embodiments, the engineered receptor 1s a clumeric antigen receptor {CAR). In
some embodiments, the engineered receptor 15 a modified T-cell receptor (TCR). In some
embodiments, the engineered receptor 1s a T-cell antigen coupler (TAC) receptor. In some
embodiments, the first nucleic acid sequence, the optional second nucleic acid sequence, and the
third nucleic acid sequence are operably linked to the same promoter. In some embodiments, the
first nucleic acid sequence, the optional second nucleic acid sequence, and the third nucleic acid
sequence are operably linked to separate promoters. In some embodiments, the first nucleic acid and
the optional second nucleic acid, and/or the third nucleic acid sequence are on the same vector. In
some embodiments, the first nucleic acid and the optional second nucleiwc acid, and/or the third
nucleic acid sequence are on separate vectors. In some embodiments, the vector 1s a viral vector. In
some embodiments, the viral vector s selected from the group consisting of an adenoviral vector, an
adeno-associated virus vector, a retroviral vector, a lentiviral vector, a herpes simplex viral vector,
and derivatives thereof. In some embodiments, the vector 1s a non-viral vector. In some
embodiments, the vector 15 an episomal expression vector. In some embodiments, the method
further comprises isolating or enriching immune cells comprising the first nucleic acid sequence
and/or the second nucleic acid sequence. In some embodiments, the method further comprises
formulating the modified immune cells with at least one pharmaceutically acceptable carrier.
{00266] In some embodiments, there is provided an isolated host cell comprising any one of the
nucleic acids or vectors described herein. The host cells may be useful in expression or cloning of
the first polypeptides, the second polypeptides, and/or the engineered receptors, nucleic acids or
vectors encoding the first polypeptides, the second polypeptides, and/or the engineered receptors.
Suitable host cells can include, without limitation, prokaryotic cells, fungal cells, yeast cells, or
higher eukaryotic cells such as mammalian cells. In some embodiments, the host cells comprise a
first vector encoding a first polypeptide, a second vector encoding a second polypeptide, and a third

vector encoding a third polypeptide {e.g., an engineered receptor). In some embodiments, the host
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cells comprise a single vector comprising isolated nucleic acids encoding a first polypeptide, a
second polypeptide, and a third polypeptide.

{00261] The precursor immune cells can be prepared using a variety of methods known in the art.
For example, primary immune cells, such as T cells can be obtained from a number of sources,
mcluding peripheral blood mononuclear cells, bone marrow, lymph node tissue, cord blood, thymus
tissue, tissue from a site of infection, ascites, pleural effusion, spleen tissue, and tumors. In some
embodiments, immune cells (such as T cells) can be obtained from a unit of blood collected from an
mdividual using any number of techniques known in the art, such as FICOLL™ geparation. In some
embodiments, cells from the circulating blood of an individual are obtained by apheresis. The
apheresis product typically contains lymphocytes, including T cells, monocytes, granulocytes, B
cells, other nucleated white blood cells, red blood cells, and platelets. In some embodiments, the
cells collected by apheresis may be washed to remove the plasma fraction and to place the cells in
an appropriate buffer or media for subsequent processing steps. In some embodiments, the cells are
washed with phosphate buffered saline (PBS), or a wash solution lacking divalent cations, such as
calcium and magnesium. As those of ordinary skill in the art would readily appreciate a washing
step may be accomplished by methods known to those in the art, such as by using a semt-automated
"flow-through" centrifuge (for example, the Cobe 2991 cell processor, the Baxter CytoMate, or the
Haemonetics Cell Saver 5) according to the manufacturer's instructions. After washing, the cells
may be resuspended in a variety of biocompatible buffers, such as, for example, Ca®"-free, Mg”?™-
free PBS, Plasmalyte A, or other saline solution with or without buffer. Alternatively, the
undesirable components of the apheresis sample may be removed and the cells directly resuspended
in culture media.

{80262] In some embodiments, primary T cells are isolated from peripheral blood fymphocytes by
lysing the red blood cells and depleting the monocytes, for example, by centrifugation through a
PERCOLL™ gradient or by counterflow centrifugal elutriation. A specific subpopulation of T cells,
such as CD37, CD287, CD4", CD8, CD4SRA, and CD45RO cells, can be further isolated by
positive or negative selection technigues. For example, in one embodiment, T cells are isolated by
incubation with anti-CD3/anti-CD28 (i.e., 3x28)-conjugated beads, such as DYNABEADS® M-450

CD3/CD28 T, for a time period sufficient for positive selection of the desired T cells.
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{00263] In some embodiments, a T cell population may further be enriched by negative selection
using a combination of antibodies directed to surface markers unique to the negatively selected
cells. For example, one method involves cell sorting and/or selection via negative magnetic
mmunocadherence or flow cytometry that uses a cocktail of monoclonal antibodies directed to cell
surface markers present on the cells negatively selected. For example, to enrich for CD4™ cells by
negative selection, a monoclonal antibody cocktail typically includes antibodies to CD14, CD20,
CD1ib, CD16, HLA-DR, and CD&. In certain embodiments, 1t may be desirable to enrich for or
positively select for regulatory T cells which typically express CD4", CD25", CD62LY, GITR', and
FoxP3". Alternatively, in certain embodiments, T regulatory cells are depleted by anti-C25
conjugated beads or other similar methods of selection.

[00264] Methods of introducing vectors or nucleic acids into a host cell (such as a precursor
mmmune cell) are known i the art. The vectors or nucleic acids can be transferred nto a host cell by
physical, chemical, or biological methods.

[00265] Physical methods for introducing the vector{s) or nucleic acid(s) into a host cell include
calcium phosphate precipitation, hpofection, particle bombardment, micromjection, electroporation,
and the like. Methods for producing cells comprising vectors and/or exogenous nucleic acids are
well-known m the art. See, for example, Sambrook er ¢l {2001) Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory, New York. In some embodiments, the vector 1s introduced
mio the cell by electroporation.

{00266] Bioclogical methods for mtroducing the vector(s) or nucleic acid(s} into a host cell inchude
the use of DNA and RNA vectors. Viral vectors have become the most widely used method for
mserting genes into mammalian, e.g., human cells.

{06267] Chemical means for introducing the vector{s} or nucleic acid(s) into a host cell include
colloidal dispersion systems, such as macromolecule complexes, nanocapsules, microspheres,
beads, and lipid-based systems including otl-in-water emulsions, micelles, mixed micelles, and
liposomes. An exemplary colloidal system for use as a delivery vehicle in vifro 1s a liposome (e.g.,
an artificial membrane vesicle).

[00268] In some embodiments, the transduced or transfected precursor immune cell is propagated
ex vivo after introduction of the heterologous nucleic acid(s). In some embodiments, the transduced

or transfected precursor immune cell 1s cultured to propagate for at least about any of 1 day, 2 days,
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3 days, 4 days, 5 days, 6 days, 7 days, 10 days, 12 days, or 14 days. In some embodiments, the
transduced or transfected precursor immune cell is coltured for no more than about any of 1 day, 2
days, 3 days, 4 days, 5 days, 6 days, 7 days, 10 days, 12 days, or 14 days. In some embodiments, the
transduced or transfected precursor immune cell is further evaluated or screened to select the
modified immune cell.

{60269] Reporter genes may be used for identifying potentially transfected cells and for evaluating
the functionality of regulatory sequences. In general, a reporter gene is a gene that is not present in
or expressed by the recipient organism or tissue and that encodes a polypeptide whose expression is
manifested by some easily detectable property, e. 2., enzymatic activity. Expression of the reporter
gene is assayed at a suitable time after the DNA has been introduced 1nto the recipient cells.
Suttable reporter genes may mclude genes encoding luciferase, beta-galactosidase, chloramphenicol
acetyl transterase, secreted alkaline phosphatase, or the green fluorescent protein gene (e.g., Ui-Tei
et al. FEBS Letters 479: 79-82 (2000)).

[06276] Other methods to confirm the presence of the heterologous nucleic acid{s) in the precursor
mamune cell, nclude, for example, molecular biological assays well known to those of skill in the
art, such as Southern and Northern blotting, RT-PCR and PCR; biochenical assays, such as
detecting the presence or absence of a particular peptide, e.g., by immunological methods {such as

ELISAs and Western blots).

¥iE. Methods of treatment

[80271] One aspect of the present application relates to methods of treating a disease or condition
{e.g., cancer} in an individual, comprising administering to the individual an effective amount of
any one of the modified immune cells described herein. The present application contemplates
modified immune cells that can be administered either alone or in any combination with another
therapy, and in at least some aspects, together with a pharmaceutically acceptable carrier or
excipient. In some embodiments, prior to administration, the modified immune cells may be
combined with suitable pharmaceutical carriers and excipients that are well known in the art.
{06272] In some embodiments, there is provided a method of treating cancer {e.g., solid cancer) in
an individual {e.g., huoman), comprising administering to the individual an effective amount of a

pharmaceutical composttion comprising a modified immune cell {e.g., a CAR-T celljand a
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pharmaceutically acceptable carrier, wherein the modified immune cell comprises: a} a first
polypeptide comprising: 1} a first target binding domain, i1} a first TLR transmembrane domain, and
1t} a first TLR signaling domain; and b) a second polypeptide comprising: 1} a second target binding
domain, 11} a second TLR transmembrane domain, and 111} a second TLR signaling domain, wherein
upon binding of the first target binding domain and second target binding domain to thewr
corresponding target, the first TLR signaling domain and the second TLR signaling domain
associate with each other to form a TLR signaling moiety capable of inducing TLR signaling, and
wherein the first target binding domain and the second target binding domain each binds to a
subunit of a multimeric target molecule. In some embodiments, the first target binding domain and
the second binding domain bind to the same target molecule. In some embodiments, the first target
binding domain and the second binding domain each binds to the same target site on the target
molecule. In some embodiments, the modified immune cell further comprises an engineered
receptor, such as a chimeric antigen receptor {CAR), an engineered TCR, or a T-cell antigen coupler
(TAC) receptor. In some embodiments, the modified immune cell comprises a CAR system (e.g., a
CAR fusion construct), wherein the CAR fuston construct comprises a CAR and TLR polypeptides
{e.g., two or more TLR polypeptides fused to the CAR). In some embodiments, the modified
mmune cell comprises a CAR system {e.g., a CAR fusion construct), wherein the CAR fusion
construct comprises an anti-CD19 CAR and anti-CD20 TLR polypeptides. In some embodiments,
the CAR fusion construct comprises, {from the N-terminus to the C-ternunus: 3 signal peptide, an
anti-CD19 scFv, a CD8a hinge domain, a D8 transmembrane (TM} domain, the cytoplasmic
portion of the 4-1BB (CB137) co-stimulatory signaling domain, and a {D3{ primary intracellular
signaling domain, a PZA cleavage site, a signal peptide, an anti-CD20 scFv, a3 TER4 transmembrane
{TM) region, and the cytoplasmic portion of TLR4 {e.g., TLR4 primary intracellular signaling
domain}. In some embodiments, the CAR fusion construct comprises an amino acid sequence
having at least about 85% {e.g., at least about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 26%, 97%, 98%, 99%, or higher} sequence identity to SEQ [D NO: 1. In some
embodiments the CAR fusion construct comprises SEQ ID NO: 1. In some embodiments, the
modified immune cell comprises a CAR system (e.g., a CAR fusion construct), wherein the CAR
fusion construct comprises an anti-CD19 CAR and anti-NKG2D TLR polypeptides. In some

embodiments, the CAR fusion construct comprises, from the N-terminus to the C-terminus: a signal
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peptide, an anti-CD19 scFv, a CD8o hinge domain, a CD8a transmembrane {(TM) domain, the
cytoplasmic portion of the 4-1BB (CD 137} co-stimulatory signaling domain, and a CD3( primary
mtracellular signaling domain, a PZA cleavage site, a signal peptide, an anti-NKG2D ECD, a TLR4
transmembrane {TM) region, and the cytoplasmic portion of TLR4 {e.g., TLR4 primary intracellular
signaling domain). In some embodiments, the CAR fusion construct comprises an amino acid
sequence having at least about 85% {e.g., at least about any one of 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ ID NG: 59.
In some embodiments the CAR fusion construct comprises SEQ ID NO: 59 In some embodiments,
the CAR fusion construct comprises, from the N-terminus to the C-terminus: a signal peptide, an
anti-CD19 scFv, a CD8a hinge domain, a CD8g transmembrane (TM) domain, the cytoplasmic
portion of the 4-1BB (CD137) co~stimulatory signaling domain, and a CD3{ primary intracellular
signaling domain, a P2A cleavage site, a signal peptide, an anti-NKG2D ECD, a CD8a hinge
domain, a TLR4 transmembrane (TM) region, and the cytoplasmic portion of TLR4 (e.g., TLR4
primary wtracellular signaling domain). In some embodiments, the CAR fusion construct comprises
an aming actd sequence having at least about 85% (e.g., at least about any one of 86%, 87%, 38%,
89%, 90%, 1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ
ID NO: 60. In some embodiments the CAR fusion construct comprises SEQ D NO: 60. In some
embodiments, the modified immune cell comprises a CAR system (e.g., a CAR fusion construct),
wherein the CAR fusion construct comprises an anti-GPC3 CAR and anti-NKG2D TLR.
polypeptides. In some embodiments, the CAR fusion construct comprises, from the N-terminus to
the C-terminus: a signal peptide, an anti-GPC3 scFv, a CD8a hinge domain, a D8« transmembrane
(TM)} domain, the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and
a CD3( primary intracellular signaling domain, a PZA cleavage site, a signal peptide, an anti-
NKG2D ECB, a TLR4 transmembrane {(TM) region, and the cytoplasmic portion of TLR4 {e.g.,
TLRA primary intracellular signaling domain}. In some embodiments, the CAR fusion construct
comprises an amino acid sequence having at least about 85% {e.g., at least about any one of §6%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence
identity to SEQ ID NO: 57 In some embodiments the CAR fusion construct comprises SEQ 1D NO:
57. In some embodiments, the CAR fusion construct comprises, from the N-terminus to the C-

terminus: a signal peptide, an anti-GPC3 scFv, a CD8o hinge domain, a CD8g transmembrane {TM)
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domain, the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a
CD3 primary intracellular signaling domain, a P2A cleavage site, a signal peptide, an anti-NKG2D
ECD, a CD8a hinge domain, a TLR4 transmembrane (TM) region, and the cytoplasmic portion of
TLRA4 {e.g., TLR4 primary intracellular signaling domain). In some embodiments, the CAR fusion
construct comprises an amino acid sequence having at least about 85% {e.g., at least about any one
of 86%, 87%, 88%, 89%, 9%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher)
sequence identity to SEQ ID NO: 58, In some embodiments the CAR fusion construct comprises
SEQ ID NQO: 58. In some embodiments, the modified immune cell comprises a CAR system (e.g, a
CAR fusion construct), wherein the CAR fusion construct comprises an anti-BCMA CAR {e g, a
single anti-BCMA CAR or a tandem anti-BCMA CAR) and anti-BCMA TLR polypeptides. In
some embodiments, the CAR fusion construct comprises a single anti-BCMA CAR and anti-BCMA
TLR polypeptides. In some embodiments, the CAR fusion construct comprises, from the N-
terminus to the C-terminus: a signal peptide, a single anti-BCMA sdAb, a CD8« hinge domain, a
CD8y transmembrane (TM} domain, the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory
stgnaling domain, and a CD3( primary mtracetlular signaling domain, a P2A cleavage site, a signal
peptide, a single anti-BCMA sdAb, a TLR4 transmembrane (TM) region, and the cytoplasmic
portion of TLR4 (e.g., TLR4 primary wntracellular signaling domain). In some embodiments, the
CAR fusion construct comprises an anuno acid sequence having at least about 85% {(e.g., at least
about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or higher} sequence identity to SEQ 1D NG: 62. In some embodiments the CAR fusion construct
comprises SEQ 1D NO: 62. In some embodiments, the CAR fusion construct comprises, from the
N-terminus to the C-terminus: a signal peptide, a single anti-BCMA sdAb, a CD8g hinge domain, a
CD8a transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB (CD137} co-stimulatory
signaling domain, and a CD3( primary intracellular signaling domain, a P2A cleavage site, a signal
peptide, a single anti-BCMA sdAb, a CD8a hinge domain, a TLR4 transmembrane {TM) region,
and the cytoplasmic portion of TLR4 (e g., TLR4 primary intraceliular signaling domain}. In some
embodiments, the CAR fusion construct comprises an amino acid sequence having at least about
85% (e.g., at least about any one of 86%, §87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99%, or higher) sequence identity to SEQ ID NO: 63. In some embodiments the CAR

fusion construct comprises SEQ D NO: 63. In some embodiments, the CAR fusion construct
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comprises, from the N-terminus to the C-terminus: a signal peptide, a single anti-BCMA sdAb, a
{D8a hinge domain, a CD8a transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB
(CD137) co-stimulatory signaling domain, and a CD3( primary intraceliular signaling domain, a
P2A cleavage site, a signal peptide, a single anti-BCMA sdAb, a CD280 hinge domain, a TLR4
transmembrane {TM) region, and the cytoplasmic portion of TLR4 (e.g., TLR4 primary intracellular
signaling domain). In some embodiments, the CAR fusion construct comprises an amino acid
sequence having at least about 83% (e.g., at least about any one of 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ D NO: 64,
In some embodiments the CAR fusion construct comprises SEQ DD NO: 64. In some embodiments,
the CAR fusion construct comprises a tandem anti-BCMA CAR and anti-BCMA TLR polypeptides.
In some embodiments, the CAR fusion construct comprises, from the N-termuous to the C-terminus:
a signal peptide, a tandem anti-BCMA sdAb, a CD8a hinge domain, a CD8u transmembrane (TM)
domain, the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a
CD3( primary ntracellular signaling domain, a P2ZA cleavage site, a signal peptide, a tandem anti-
BCMA sdAb, a TLR4 transmembrane { TM) region, and the cytoplasmic portion of TLR4 {e.g.,
TLR4 primary wntracellular signaling domain). In some embodiments, the CAR fusion construct
comprises an anino acid sequence having at least about 85% (e.g., at least about any one of 86%,
87%, 88%, 89%;, 90%, 31%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher} sequence
identity to SEQ ID NO: 61, In some embodiments the CAR fusion construct comprises SEQ 1D NO:
61. In some embodiments, the modified immune cell comprises a CAR system {e.g., a CAR fusion
construct), wherein the CAR fusion construct comprises an anti-BCMA CAR {(e.g., a single anti-
BCMA CAR or a tandem anti-BCMA CAR) and anti-GPR{U35D TLR polypeptides. In some
embodiments, the CAR fusion construct comprises, from the N-terminus to the C-terminus: a signal
peptide, a tandem anti-BUCMA sdAb, a CD8a hinge domain, a CD8a transmembrane (TM) domain,
the cytoplasmic portion of the 4-1BB (CD 137} co-stimulatory signaling domain, and a CD3(
primary intracellular signaling domain, a P2A cleavage site, a signal peptide, an anti-GPRCSD
scFv, a TLR4 transmembrane (TM) region, and the cytoplasmic portion of TLR4 (e.g., TLR4
primary intracellular signaling domain). In some embodiments, the CAR fusion construct comprises
an amino acid sequence having at least about 85% (e.g., at least about any one of 86%, 87%, 88%,

89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher} sequence identity to SEQ
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ID NO: 65, In some embodiments the CAR fusion construct comprises SEQ 1D NO: 65 In some
embodiments, the CAR fusion construct comprises, from the N-terminus to the C-terminus: a signal
peptide, a tandem anti-BUCMA sdAb, a CD8a hinge domain, a CD8a transmembrane (TM) domain,
the cytoplasmic portion of the 4-1BB (CD 137} co-stimulatory signaling domain, and a CD3(
primary intracellular signaling domain, a P2A cleavage site, a signal peptide, an anti-GPRCSD
scFv, a CD8g hinge domain, a TLR4 transmembrane (TM} region, and the cytoplasmic portion of
TLRA4 (e g, TLR4 primary intracellular signaling domain). In some embodiments, the CAR fusion
construct comprises an aming acid sequence having at least about 5% (e.g., at least about any one
of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher}
sequence wentity to SEQ ID NO: 72, Tn some embodiments the CAR fusion construct comprises
SEQ ID NO: 72. In some ermnbodiments, the CAR fusion construct comprises, from the N-terminus
to the C-terminus: a signal peptide, a tandem anti-BCMA sdAb, a CD8ux hinge domain, a CD8a
transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory
signaling domain, and a CD3( primary mtracellular signaling domain, a P2A cleavage site, a signal
peptide, an anti-GPROSD scFv, a CD28w hinge domain, a TLR4 transmembrane {(TM) region, and
the cytoplasmic portion of TLR4 {e.g., TLR4 primary intracellular signaling domaim). In some
embodiments, the CAR fusion construct comprises an amino acid sequence having at least about
85% (e.g., at least about any one of 86%, 87%, 88%, §9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99%, or higher) sequence identity to SEQ 1D NG: 73. In some embodiments the CAR
fusion construct comprises SEQ 1D NO: 73, In some embodiments, the modified immune cell
comprises a CAR system (e.g., a CAR fusion construct), wherein the CAR fusion construct
comprises an anti-CLE1 CAR and anti-CD33 (e.g, antt-CD33 V domain and/or anti-CHB33 C2
domain} TLR polypeptides. In some embodiments, the CAR fusion construct comprises, from the
N-terminus to the {-terminus: a signal peptide, an anti-CLL1 sdAb, a CD8a hinge domain, 2 CD8a
transmembrane {TM) domain, the cytoplasmic portion of the 4-1BB {CD137) co-stimulatory
signaling domain, and a CD3{ primary intracellular signaling domain, a P2A cleavage site, a signal
peptide, an anti-CD33 sdAb, a TLR4 transmembrane (TM) region, and the cytoplasmic portion of
TLRA4 (e g, TLR4 primary intracellular signaling domain). In some embodiments, the CAR fusion
construct comprises an aming acid sequence having at least about 5% (e.g., at least about any one

of 86%, 87%, 88%, $§9%. 90%, 91%, 92%, 93%, 94%, 95%, 6%, 97%, 98%, 99%, or higher)
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sequence identity to SEQ ID NG: 71. In some embodiments the CAR fusion construct comprises
SEG ID NO: 71, In some embodiments, the CAR fusion construct comprises, from the N-terminus
to the C-terminus: a signal peptide, an anti-CLLI sdAb, a CD28« hinge domain, a CD28¢
transmembrane {TM) domain, the cytoplasmic portion of the CD28 co-stimulatory signaling
domain, and a CD3{ primary intracellular signaling domain, a PZA cleavage site, a signal peptide,
an anti-CD33 V domain sdAb, a TLR2 transmembrane domain, a TLRZ signaling domain {e.g., the
cytoplasmic portion of TLR2), a P2A cleavage site, a signal peptide, an anti-CD33 2 domain
sdAb, a TLR1 transmembrane domain, and a TLR1 signaling domain {e.g., the cytoplasmic portion
of TLR1). In some embodiments, the CAR fusion construct comprises an amino acid sequence
having at least about 853% (e.g., at least about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher)} sequence identity to SEQ ID NO: 3. In some
embodiments the CAR fusion construct comprises SEQ ID NO: 3. In some embodiments, the first
polypeptide further comprises an mtracellular domain of a first cytokine receptor, and/or the second
polypeptide further comprises an intraceliular domain of a second cytokine receptor. In some
embodiments, the modified immune cell 13 selected from the group consisting of a cytotoxic T cell,
a helper T cell, a natural killer (NKJ cell, an NK-cell, an iNK-T cell, an NK-T like cell, an «pT cell
and a yoT cell.

{06273] In some embodiments, there is provided a method of treating cancer {e.g., solid cancer) in
an individual {e.g., huoman), comprising administering to the individual an effective amount of a
pharmaceutical composttion comprising a modified immune cell {e.g., a CAR-T celljand a
pharmaceutically acceptable carrier, wherein the modified immune cell comprises: a} a first
polypeptide comprising: 1) a first target binding domain, 1t) a first TLR transmembrane domain, and
1t} a first TLR signaling domain; and b) a second polypeptide comprising: 1} a second target binding
domain, 11} a second TLR transmembrane domain, and 111} a second TLR signaling domain, wherein
the first target binding domain and the second binding domain bind to the same target molecule, and
wherein the first target binding domain and the second target binding domain each binds to a
different non-overlapping target sites on a single target molecule, wherein upon binding of the first
target binding domain and second target binding domain to their corresponding target, the first TLR
signaling domain and the second TLR signaling domain associate with each other to form a TLR.

signaling moiety capable of inducing TLR signaling. In some embodiments, the modified immune
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cell further comprises an engineered receptor, such as a chimeric antigen receptor (CAR), an
engineered TCR, or a T-cell antigen coupler (TAC) receptor. In some embodiments, the modified
immune cell comprises 3 CAR system {e.g., a CAR fusion construct), wherein the CAR fusion
construct comprises a CAR and TLR polypeptides {e.g., two or more TLR polypeptides fused to the
CAR). In some embodiments, the modified immune cell comprises a CAR system {e.g,a CAR
fusion construct), wherein the CAR fusion construct comprises an anti-CD19 CAR and anti-CD20
TLR polypeptides. In some embodiments, the CAR fusion construct comprises, from the N-
terminus to the C-terminus: a signal peptide, an anti-CD19 scFv, a CD8&a hinge domain, a CD8a
transmembrane (TM} domain, the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory
signaling domain, and a CD3{ primary intracellular signaling domain, a P2A cleavage site, a signal
peptide, an anti-CD20 scFv, a TLR4 transmembrane (TM) region, and the cytoplasmic portion of
TLR4 {e.g., TLR4 primary intracellular signaling domain). In some embodiments, the CAR fusion
construct comprises an amino acid sequence having at least about 83% {e.g., at least about any one
of 86%, 87%, 83%, 8%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher)
sequence identity to SEQ ID NO: 1. In some emnbodiments the CAR fusion construct comprises
SEQ ID NO: 1. In some embodiments, the modified immune cell comprises a CAR system {e.g,, a
CAR fusion construct), wheremn the CAR fuston construct comprises an antt-CD19 CAR and anti-
NKG2D TLR polypeptides. In some embodiments, the CAR fusion construct comprises, from the
N-terminus to the C-termunus: a signal peptide, an anti-CD19 scFv, a CD3a hinge domain, a CD8a
transmembrane (TM} domain, the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory
signaling domain, and a CD3( primary intracellular signaling domain, a P2A cleavage site, a signal
peptide, an anti-NKG2D ECD, a TLR4 transmembrane {TM) region, and the cvtoplasmic portion of
TLRA {e.g., TLR4 primary intracellular signaling domain). In some embodiments, the CAR fusion
construct comprises an amino acid sequence having at least about 85% (e.g., at least about any one
of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%s, 99%, or higher)
sequence identity to SEQ ID NO: 59, In some embodiments the CAR fusion construct comprises
SEQ ID NO: 59. In some embodiments, the CAR fusion construct comprises, from the N-terminus
to the C-terminus: a signal peptide, an anti-CD19 scFv, a CD8g hinge domain, a CD8g
transmembrane {(TM) domain, the cytoplasmic portion of the 4-1BB {CD137) co-stimulatory

signaling domain, and a CD3{ primary intracellular signaling domain, a P2A cleavage site, a signal
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peptide, an anti-NKG2D ECD, a CB8a hinge domain, a TLR4 transmembrane (TM) region, and the
cytoplasmic portion of TER4 (e.g., TLR4 primary intracellular signaling domain). In some
embodiments, the CAR fusion construct comprises an aming acid sequence having at least about
85% (e.g., at least about any one of 86%, 87%, 88%, 8§9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or higher) sequence identity to SEQ ID NO: 60. In some embodiments the CAR
fusion construct comprises SEQ ID NG: 60. In some embodiments, the modified immune cell
comprises a CAR system {e.g., a CAR fusion construct), wherein the CAR fusion construct
comprises an anti-GPC3 CAR and anti-NKG2D TLR polypeptides. In some embodiments, the CAR
fusion construct comprises, from the N-terminus to the C-terminus: a signal peptide, an anti-GPC3
scFv, a CD8o hinge domain, a CD8¢ transmembrane (TM) domain, the cytoplasmic portion of the
4-1BB (CD137) co-stimulatory signaling domain, and a CD3( primary 1ntracellular signaling
domain, a P2A cleavage site, a signal peptide, an anti-NKG2D ECD, a TLR4 transmembrane {TM)
region, and the cytoplasmic portion of TLR4 (e.g., TLR4 primary intracellular signaling domain}. In
some embodiments, the CAR fusion construct comprises an amino acid sequence having at least
about 85% (e.g., at least about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or higher) sequence 1dentity to SEQ ID NO: 57, In some embodiments the
CAR fusion construct comprises SEQ ID NGO 57. In some embodiments, the CAR fusion construct
comprises, from the N-terminus to the C-terminus: a signal peptide, an anti-GPC3 scFv, a CD8o
hinge domain, a CD8u transmembrane (TM} domain, the cytoplasmic portion of the 4-1BB
(CD137) co-stimulatory signaling domain, and a CD3( primary intraceliular signaling domain, a
P2A cleavage stte, a signal peptide, an anti-NKGZD ECD, a CD8&g hinge domain, a TLR4
transmembrane {TM) region, and the cytoplasmic portion of TLR4 (e.g., TLR4 primary intracellular
signaling domain). In some embodiments, the CAR fusion construct comprises an amino acid
sequence having at least about 85% (e.g., at least about any one of 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%:, 96%, 7%, 98%, 99%, or higher} sequence identity to SEQ D NO: 58
In some embodiments the CAR fusion construct comprises SEQ DD NO: 58 In some embodiments,
the modified immune cell comprises a CAR system (e.g., a CAR fusion construct), wherein the
CAR fusion construct comprises an anti-BCMA CAR (e g, a single anti-BCMA CAR or a tandem
anti-BCMA CAR) and anti-BCMA TLR polypeptides. In some embodiments, the CAR fusion
construct comprises a single anti-BCMA CAR and anti-BCMA TLR polypeptides. In some
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embodiments, the CAR fusion construct comprises, from the N-terminus to the C-terminus: a signal
peptide, a single anti-BCMA sdAb, a CD8a hinge domain, a CD8q transmembrane (TM} domain,
the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3(
primary intracellular signaling domain, a P2ZA cleavage site, a signal peptide, a single anti-BCMA
sdAb, a TER4 transmembrane (TM) region, and the cytoplasmic portion of TLR4 (e.g., TLR4
primary intracellular signaling domain}. In some embodiments, the CAR fusion construct comprises
an amino acid sequence having at least about 85% {e.g., at least about any one of 86%, §7%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ
ID NO: 62. In some embodiments the CAR fusion construct comprises SEQ D NO: 62, In some
embodiments, the CAR fusion construct comprises, from the N-terminus to the C-terminus: a signal
peptide, a single anti-BCMA sdAb, a CD8g hinge domain, a CD8« transmembrane {TM) domain,
the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3(
primary ntracellular signaling domain, a P2A cleavage site, a signal peptide, a single anti-BCMA
sdAb, a CD8u hinge domain, a TLR4 transmembrane {TM) region, and the cytoplasmic portion of
TLRA4 {e.g., TLR4 primary intracellular signaling domain). In some embodiments, the CAR fusion
construct comprises an amino acid sequence having at least about 85% {e.g., at least about any one
of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher)
sequence wdentity to SEQ ID NO: 63, In some embodiments the CAR fusion construct comprises
SEQ ID NO: 63, In some embodiments, the CAR fusion construct comprises, from the N-terminus
to the C-terminus: a signal peptide, a single anti-BCMA sdAb, a CD8a hinge domain, a CD8a
transmembrane {TM) domain, the cytoplasmic portion of the 4-1BB {CD137) co-stimulatory
signaling domain, and a CD3( primary intracellular signaling domain, a P2A cleavage site, a signal
peptide, a single anti-BCMA sdAb, a CDZ8« hinge domain, a TLR4 transmembrane (TM] region,
and the cvtoplasmic portion of TLR4 (e.g., TLR4 primary intraceliular signaling domain}. In some
embodiments, the CAR fusion construct comprises an amino acid sequence having at least about
85% (e.g., at least about any one of 86%, §87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99%, or higher) sequence identity to SEQ 1D NO: 64. In some embodiments the CAR
fusion construct comprises SEQ D NO: 64. In some embodiments, the CAR fusion construct
comprises a tandem anti-BCMA CAR and anti-BCMA TLR polypeptides. In some embodiments,

the CAR fusion construct comprises, from the N-terminus to the C-terminus: a signal peptide, a
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tandem anti-BCMA sdAb, 3 CD8a hinge domain, a CDBa transmembrane (TM) domain, the
cytoplasmic portion of the 4-1BB (CD 137} co-stimulatory signaling domain, and a CD3( primary
mtracellular signaling domain, a PZA cleavage site, a signal peptide, a tandem anti-BUMA sdAb, a
TLR4 transmembrane {TM) region, and the cytoplasmic portion of TLR4 {e.g., TLR4 primary
mtracellular signaling domain). In some embodiments, the CAR fusion construct comprises an
amino acid sequence having at least about 85% (e.g., at least about any one of 6%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher} sequence identity to SEQ
ID NO: 61. In some embodiments the CAR fusion construct comprises SEQ ID NO: 61 In some
embodiments, the modified immune cell comprises a CAR system (e.g., a CAR fusion construct),
wherein the CAR fusion construct comprises an anti-BCMA CAR (e.g, a single anti-BCMA CAR
or a tandem anti-BCMA CAR) and anti-GPRC5D TLR polypeptides. In some embodiments, the
CAR fusion construct comprises, from the N-terminus to the C-termunus: a signal peptide, a tandem
anti-BCMA sdAb, a CD8u hinge domain, a CD3a transmembrane (TM) domain, the cytoplasmic
portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3( primary intracellular
stgnaling domamn, a P2A cleavage site, a signal peptide, a anti-GPRCSD scFv, a TLR4
transmembrane {TM) region, and the cytoplasmic portion of TLR4 (e.g., TLR4 primary intraceltular
stgnaling domain). In some embodiments, the CAR fusion construct comprises an amino acid
sequence having at least about 85% (e.g., at least about any one of 86%, 87%, 88%, 89%%, 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ ID NG: 65
In some embodiments the CAR fusion construct comprises SEQ 1D NO: 65. In some embodiments,
the CAR fusion construct comprises, from the N-terminus to the C-terminus: a signal peptide, a
tandem anti-BCMA sdAb, 3 CD8o hinge domain, a CDBa transmembrane (TM) domain, the
cytoplasmic portion of the 4-1BB (CD 137} co-stimulatory signaling domain, and a CD3( primary
mtracellular signaling domain, a PZA cleavage site, a signal peptide, an anti-GPRCSD scFv, a CD8a
hinge domain, a TLR4 transmembrane {TM) region, and the cytoplasmic portion of TLR4 (e g,
TLR4 primary intracellular signaling domain). In some embodiments, the CAR fusion construct
comprises an amino acid sequence having at least about 85% (e.g., at least about any one of 8G%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence
identity to SEQ D NO: 72. In some embodiments the CAR fusion construct comprises SEQ 1D NO:

72. In some embodiments, the CAR fusion construct comprises, from the N-terminus to the C-
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terminus. a signal peptide, a tandem anti-BCMA sdAb, a CD8a hinge domain, a CD8a
transmembrane {TM) domain, the cytoplasmic portion of the 4-1BB {CD137) co-stimulatory
signaling domain, and a CD3( primary intracellular signaling domain, a P2A cleavage site, a signal
peptide, an anti-GPRCSD scFv, a CD28q hinge domain, a TLR4 transmembrane (TM) region, and
the cytoplasmic portion of TLR4 {e.g¢., TLR4 primary intracellular signaling domain). In some
embodiments, the CAR fusion construct comprises an amino acid sequence having at least about
85% (e.g., at least about any one of 86%, §87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99%, or higher) sequence identity to SEQ 1D NO: 73. In some embodiments the CAR
fusion construct comprises SEQ 1D NO: 73, In some embodiments, the modified immune cell
comprises a CAR system {e.g., a CAR fusion construct), wherein the CAR fusion construct
coroprises an anti-CLEL1 CAR and anti-CD33 (e.g, anti-CD33 V domain and/or anti-CP33 C2
domain) TLR polypeptides. In some embodiments, the CAR fusion construct comprises, from the
N-terminus to the C-terminus: a signal peptide, an anti-CLL1 sdAb, a CD8« hinge domain, a CD8a
transmembrane (TM} domain, the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory
stgnaling domain, and a CD3( primary mtracetlular signaling domain, a P2A cleavage site, a signal
peptide, an anti~-CD33 sdAb, a TLR4 transmembrane {TM) region, and the cytoplasmic portion of
TLRA4 {e.g., TLR4 primary intracellular signaling domain). In some embodiments, the CAR fusion
construct comprises an amino acid sequence having at least about 85% {e.g., at least about any one
of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher)
sequence identity to SEQ ID NG: 71. In some embodiments the CAR fusion construct comprises
SEG ID NO: 71, In some embodiments, the CAR fusion construct comprises, from the N-terminus
to the C-terminus: a signal peptide, an anti-CLLI sdAb, a CD28« hinge domain, a CD28¢
transmembrane {TM) domain, the cytoplasmic portion of the CD28 co-stimulatory signaling
domain, and a CD3{ primary intracellular signaling domain, a PZA cleavage site, a signal peptide,
an anti-CD33 V domain sdAb, a TER2 transmembrane domain, a TERZ signaling domain {e.g., the
cytoplasmic portion of TLR2), a P2A cleavage site, a signal peptide, an anti-CD33 2 domain
sdAb, a TLR1 transmembrane domain, and a TLR1 signaling domain {e.g., the cytoplasmic portion
of TLR1). In some embodiments, the CAR fusion construct comprises an amino acid sequence
having at least about 85% (e.g., at least about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%,

93%, 94%, 95%, 26%, 97%, 98%, 99%, or higher) sequence identity to SEQ D NO: 3. In some
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embodiments, the first polypeptide further comprises an intracellular domain of a first cytokine
receptor, and/or the second polypeptide further comprises an intracellular domain of a second
cytokine receptor. In some embodiments, the modified immune cell is selected from the group
consisting of a cytotoxic T cell, a helper T cell, a natural killer (NK)) cell, an NK-cell, an iNK-T cell,
an NK-T like cell, an ofT cell and a y87T cell.

[006274] In some embodiments, there 15 provided a method of treating cancer {(e.g., sohd cancer) in
an individual {e.g., human)}, comprising administering to the individual an effective amount of a
pharmaceutical composition comprising a modified immune cell (e.g., a CAR-T cell)and a
pharmaceutically acceptable carrier, wherein the modified immune cell comprises: a) a first
polypeptide comprising: 1} a first target binding domain, 11) a first TLR transmembrane domain, and
iit) a first TLR signaling domain; b) a second polypeptide comprising: 1) a second target binding
domain, 11} a second TLR transmembrane domain, and 111} a second TLR signaling domain; and ¢)
an engineered receptor, wherein the engineered receptor comprises an extraceliular domam
specifically recognizing the same target molecule as the first polypeptide and/or the second
polypeptide, wherein upon binding of the first target binding domain and second target binding
domain to their corresponding target, the first TLR signaling domain and the second TLR signaling
domain associate with each other to form a TLR signaling moiety capable of inducing TLR
stgnaling. In some embodiments, the engineered receptor comprises an extracellular domain
spectfically recognizing a non-overlapping target site on the same target molecule as the first
polypeptide and/or the second polypeptide. In some embodiments, the engineered receptor is a
chimeric antigen receptor (CAR), an engineered TCR, or a T-cell antigen coupler (TAC) receptor.
In some embodiments, the modified immune cell comprises a CAR system (e.g., a CAR fusion
construct}, wherein the CAR fusion construct comprises a CAR and TLR polypeptides {e.2., two or
more TLR polypeptides fused to the CAR). In some embodiments, the modified nomune cell
comprises a CAR system {e.g., a CAR fusion construct), wherein the CAR fusion constract
comprises an anti-CD19 CAR and anti-CD20 TLR polypeptides. In some embodiments, the CAR
fusion construct comprises, from the N-terminus to the C-terminus: a signal peptide, an anti-CIDHM 9
scFv, a CD8a hinge domain, a CD8a transmembrane (TM)} domain, the cytoplasmic portion of the
4-1BB (CD137) co-stimulatory signaling domain, and a CD3( primary intracellular signaling

domain, 3 P2A cleavage site, a signal peptide, an anti-CD20 scFv, a TLR4 transmembrane (TM)
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region, and the cytoplasmic portion of TLR4 (e.g., TLR4 primary intracellular signaling domain). In
some embodiments, the CAR fusion construct comprises an amino acid sequence having at least
about 85% {e.g., at least about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or higher) sequence identity to SEQ [D NO: 1. In some embodiments the
CAR fusion construct comprises SEQ 1D NO: 1. In some embodiments, the modified immune cell
comprises a CAR system {e.g., a CAR fusion construct), wherein the CAR fusion construct
comprises an anti-CD19 CAR and anti-NKG2D TLR polypeptides. In some embodiments, the CAR
fusion construct comprises, from the N-terminus to the C-terminus: a signal peptide, an anti-CD19
scFv, a CD8a hinge domain, a CD8a transmembrane (TM) domain, the cytoplasmic portion of the
4-1BB (CD137) co-stimulatory signaling domain, and a CD3( primary intracellular signaling
domain, a PZA cleavage site, a signal peptide, an anti-NKG2D ECD, a TLR4 transmembrane (TM)
region, and the cytoplasmic portion of TLR4 (e.g., TLR4 primary intracellular signaling domain). In
some embodiments, the CAR fusion construct comprises an amino acid sequence having at least
about 85% {e.g., at least about any one of 86%, 87%, 88%, §9%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or higher) sequence identity to SEQ 1D NO: 59, In some embodiments the
CAR fusion construct comprises SEQ ID NG: 59. In some embodiments, the CAR fusion construct
comprises, from the N-terminus to the C-terminus: a signal peptide, an anti-CDB19 scFv, a CDBa
hinge domain, a CD8o transmembrane {TM) domain, the cytoplasmic portion of the 4-1BB
{CD137) co-stimulatory signaling domain, and a CD3( primary intracelinlar signaling domain, a
P2A cleavage site, a signal peptide, an anti-NKG2D ECD, a CD8a hinge domain, a TLR4
transmembrane {TM) region, and the cytoplasmic portion of TLR4 {e.g., TLR4 primary intracellular
signaling domain). In some embodiments, the CAR fusion construct comprises an aming acid
sequence having at least about 85% {e.g., at least about any one of 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ ID NG 60.
In some embodiments the CAR fusion construct comprises SEQ 1D NO: 60. In some embodiments,
the modified immune cell comprises a CAR system {(e.g., a CAR fusion construct), wherein the
CAR fusion construct comprises an anti-GPC3 CAR and anti-NKG2D TLR polypeptides. In some
embodiments, the CAR fusion construct comprises, from the N-terminus to the C-terminus: a signal
peptide, an anti-GPC3 scFv, a CD8g hinge domain, a D8y transmembrane {TM)} domain, the

cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3( primary
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mtracellular signaling domain, a PZA cleavage site, a signal peptide, an anti-NKG2D ECD, a TLR4
transmembrane {TM) region, and the cytoplasmic portion of TLR4 {e.g., TLR4 primary intracellular
signaling domain). In some embodiments, the CAR fusion construct comprises an aming acid
sequence having at least about 85% {e.g., at least about any one of 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ ID NG 57.
In some embodiments the CAR fusion construct comprises SEQ ID NO: 57 In some embodiments,
the CAR fusion construct comprises, from the N-terminus to the C-terminus: a signal peptide, an
anti-GPC3 scFv, a CD8a hinge domain, a CD8a transmembrane {TM) domain, the cytoplasmic
portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3{ primary intracellular
signaling domain, a P2A cleavage site, a signal peptide, an anti-NKG2D ECD, a CD8a hinge
domain, a TLR4 transmembrane (TM) region, and the cytoplasmic portion of TLR4 (e.g., TLR4
primary mntracellular signaling domain). In some embodiments, the CAR fusion counstruct comprises
an amuno acid sequence having at least about 85% {e.g., at least about any one of 86%, 87%, 88%,
89%, 90%, 1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ
ID NO: 58, In some embodiments the CAR fusion construct comprises SEQ ID NO: 58, In some
embodiments, the modified immune cell comprises a CAR system (e.g., a CAR fusion construct),
wherein the CAR fusion construct comprises an anti-BCMA CAR (e g, a single anti-BCMA CAR
or a tandem anti-BCMA CAR} and anti-BCMA TLR polypeptides. In some embodiments, the CAR
fusion construct comprises a single anti-BCMA CAR and anti-BCMA TLR polypeptides. Tn some
embodiments, the CAR fusion construct comprises, from the N-terminus to the C-terminus: a signal
peptide, a single anti-BCMA sdAb, a CD8a hinge domatin, a CD8q transmembrane (TM} domain,
the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3(
primary intracellular signaling domain, a PZA cleavage site, a signal peptide, a single anti-BOMA
sdAb, a TER4 transmembrane {TM)} region, and the cytoplasmic portion of TLR4 (e.g., TLR4
primary intracellular signaling domain). In some embodiments, the CAR fusion construct comprises
an amino acid sequence having at least about 85% {e.g., at least about any one of 86%, §7%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ
ID NO: 62. In some embodiments the CAR fusion construct comprises SEQ D NO: 62, In some
embodiments, the CAR fusion construct comprises, from the N-terminus to the C-terminus: a signal

peptide, a single anti-BCMA sdAb, a CD8q hinge domain, a D8y« transmembrane (TM) domain,
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the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3(
primary intracellular signaling domain, a PZA cleavage site, a signal peptide, a single anti-BOMA
sdAb, a CD8o hinge domain, a TLR4 transmembrane (TM) region, and the cytoplasmic portion of
TLR4 {e.g., TLR4 primary intracellular signaling domain). In some embodiments, the CAR fusion
construct comprises an amino acid sequence having at least about 85% (e g., at least about any one
of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher)
sequence identity to SEQ ID NO: 63, In some embodiments the CAR fusion construct comprises
SEQ ID NO: 63. In some embodiments, the CAR fusion construct comprises, from the N-terminus
to the C-terminus: a signal peptide, a single anti-BCMA sdAb, a CD8a hinge domam, a CD8a
transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory
signaling domain, and a CD3{ primary intracellular signaling domain, a P2A cleavage site, a signal
peptide, a single anti-BCMA sdAb, a CD28¢ hinge domain, a TLR4 transmembrane (TM) region,
and the cytoplasmic portion of TLR4 (e g, TLR4 primary intraceliular signaling domain). In some
embodiments, the CAR fusion construct comprises an amino acid sequence having at least about
85% (e.g., at least about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or higher) sequence identity to SEQ ID NO: 64. In some embodiments the CAR
fusion construct comprises SEQ ID NO: 64. In some embodiments, the CAR fusion construct
comprises a tandem anti-BCMA CAR and anti-BCMA TLR polypeptides. In some embodiments,
the CAR fusion construct comprises, from the N-terminus to the C-termunus: a signal peptide, a
tandem anti-BCMA sdAb, 3 CD8o hinge domain, a CDBa transmembrane (TM) domain, the
cytoplasmic portion of the 4-1BB (CD 137} co-stimulatory signaling domain, and a CD3( primary
mtracellular signaling domain, a PZA cleavage site, a signal peptide, a tandem anti-BUMA sdAb, a
TLRA4 transmembrane {TM) region, and the cytoplasmic portion of TLR4 {e.g., TLR4 primary
mtracellular signaling domain). In some embodiments, the CAR fusion construct comprises an
amine acid sequence having at least about 85% (e.g., at least about any one of 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher} sequence identity to SEQ
ID NO: 61. In some embodiments the CAR fusion construct comprises SEQ ID NO: 61 In some
embodiments, the modified immune cell comprises a CAR system (e.g., a CAR fusion construct),
wherein the CAR fusion construct comprises an anti-BCMA CAR (e.g, a single anti-BCMA CAR
or a tandem anti-BCMA CAR) and anti-GPRC5D TLR polypeptides. In some embodiments, the
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CAR fusion construct comprises, from the N-terminus to the C-terminus: a signal peptide, a tandem
anti-BCMA sdAb, a CD8&g hinge domain, a CD8a transmembrane (TM) domain, the cytoplasmic
portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3{ primary intracellular
signaling domain, a P2A cleavage site, a signal peptide, an anti-GPRCSD scFv, a TLR4
transmembrane {TM) region, and the cytoplasmic portion of TLR4 (e.g., TLR4 primary intracellular
signaling domain). In some embodiments, the CAR fusion construct comprises an amino acid
sequence having at least about 83% (e.g., at least about any one of 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ D NO: 65.
In some embodiments the CAR fusion construct comprises SEQ 1D NO: 65. In some embodiments,
the CAR fusion construct comprises, from the N-termimus to the C-terminus: a signal peptide, a
tandem anti-BCMA sdAb, a CD8a hinge domain, a CD8a transmembrane {(TM) domain, the
cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3( primary
mtracellular signaling domain, a P2A cleavage site, a signal peptide, an anti-GPRC3D scFv, a CD8a
hinge domain, a TLR4 transmembrane {TM) region, and the cytoplasmic portion of TLR4 {e.g,,
TLRA4 primary ntracellular signaling domain}. In some embodiments, the CAR fusion construct
comprises an amino acid sequence having at least about 85% (e.g., at least about any one of 86%,
&7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence
identity to SEQ ID NO: 72, In some embodiments the CAR fusion construct comprises SEQ 1D NG:
72. In some embodiments, the CAR fusion construct comprises, from the N-termunus to the C-
terminus: a signal peptide, a tandem anti-BCMA sdAb, a CD8q hinge domain, a CD8a
transmembrane {TM) domain, the cytoplasmic portion of the 4-1BB {CD137) co-stimulatory
signaling domain, and a CD3( primary intracellular signaling domain, a P2A cleavage site, a signal
peptide, an anti-GPRUSD scFv, a CD28a hinge domain, 3 TLR4 transmembrane (TM) region, and
the cytoplasmic portion of TLR4 {e.g., TLR4 primary intracellular signaling domain). In some
embodiments, the CAR fusion construct comprises an amino acid sequence having at least about
85% (e.g., at least about any one of 86%, §87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99%, or higher) sequence identity to SEQ 1D NO: 73. In some embodiments the CAR
fusion construct comprises SEQ 1D NO: 73, In some embodiments, the modified immune cell
comprises a CAR system {e.g., a CAR fusion construct), wherein the CAR fusion construct

comprises an anti-CLE1 CAR and anti-CD33 (e.g, anti-CD33 V domain and/or anti-CD33 C2
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domain} TLR polypeptides. In some embodiments, the CAR fusion construct comprises, from the
N-terminus to the C-terminus: a signal peptide, an anti-CLEL1 sdAb, 3 CD8o hinge domain, a CD8«¢
transmembrane (TM} domain, the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory
signaling domain, and a CD3( primary intracellular signaling domain, a PZA cleavage site, a signal
peptide, an anti-CD33 sdAb, a TLR4 transmembrane {TM) region, and the cytoplasmic portion of
TLR4 {e.g., TLR4 primary intracellular signaling domain). In some embodiments, the CAR fusion
construct comprises an amino acid sequence having at least about 85% (e g., at least about any one
of 86%, 87%, 88%, 8%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher)
sequence identity to SEQ ID NG: 71, In some embodiments the CAR fusion construct comprises
SEQ ID NO: 71. In some embodiments, the CAR fusion construct comprises, from the N-terminus
to the C-terminus: a signal peptide, an anti-CLL1 sdAb, a CD28« hinge domain, a CD28¢
transmembrane {TM) domain, the cytoplasmic portion of the CD28 co-stimulatory signaling
domain, and a CD3{ primary intracellular signaling domain, a PZA cleavage site, a signal peptide,
an anti-CD33 V domain sdAb, a TLR2 transmembrane domain, a TER2 signaling domain (e.g., the
cytoplasmic portion of TLR2), a P2A cleavage site, a signal peptide, an anti-CD33 C2 domain
sdAb, a TERT transmembrane domain, and a TLRI signaling domain {e.g., the cytoplasmic portion
of TLR1). In some embodiments, the CAR fusion construct comprises an amino acid sequence
having at least about 85% {e.g., at least about any one of 86%, 87%, 88%, 89%, 90%, 91%, 92%,
3%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ ID NG: 3. In some
embodiments, the CAR fusion construct comprises SEQ ID NG: 3. In some embodiments, the first
polypeptide further comprises an intracellular domain of a first cytokine receptor, and/or the second
polypeptide further comprises an intracellular domain of a second cytokine receptor. In some
embodiments, the modified immune cell 1s selected from the group consisting of a cytotoxic T cell,
a helper T cell, a natural killer (NK} cell, an NK-cell, an iNK-T cell, an NK-T like cell, an T cell
and a yOT cell.

{00275] In some embodiments, the method of treating cancer has one or more of the following
biological activities: (1) kalling cancer cells; (2) inhibiting proliferation of cancer cells; (3) inducing
redistribution of peripheral T cells; (4) inducing immune response 1n a tumor; (5) reducing tumor
size, (0) alleviating one or more symptoms in an individual having cancer; (7) inhibiting tumor

metastasis; (8) prolonging survival; (9) prolonging time to cancer progression; {10) preventing,
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mhibiting, or reducing the likelihood of the recurrence of a cancer; {11} improving quality of life of
the mdividual; (12} facilitating T cell infiltration 1 tumors, and (13} reducing incidence or burden
of preexisting tumor metastasis {such as metastasis to the lymph node). In some embodiments, the
method achieves a tumor cell death rate of at least about any of 40%, 50%, 60%, 70%, 80%, 90%,
95%, or more. In some embodiments, the method reduces at east about 10% (including for example
at least about any of 20%, 30%, 40%, 60%, 70%, 80%, 90%, or 100%) of the tumor size. In some
embodiments, the method inhibits at least about 10% (including for example at least about any of
20%, 30%, 40%, 60%, 70%, 80%, 90%, or 100%) of the metastasis. In some embodiments, the
method prolongs the survival of the individual by at leastany of 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12,
18, 24, or more months. In some embodiments, the method prolongs the time to cancer progression
byatleastanvof1,2,3,4,5,6,7,8,9,10, 11, 12, 18, 24, or more months.

{80276] The methods described herein are suitable for treating a variety of cancers, including both
solid cancer and hquid cancer. The methods are applicable to cancers of all stages, including early
stage cancer, non-metastatic cancer, primary cancer, advanced cancer, focally advanced cancer,
metastatic cancer, or cancer in remussion. The methods described heremn may be used as a first
therapy, second therapy, third therapy, or combination therapy with other types of cancer therapies
known in the art, such as chemotherapy, surgery, hormone therapy, radiation, gene therapy,
mmunotherapy (such as T cell therapy), bone marrow transplantation, stem cell transplantation,
targeted therapy, cryotherapy, ultrasound therapy, photodynamic therapy, radio-frequency ablation
or the like, in an adjuvant setting or a nepadjuvant setting (1.e., the method may be carried out
before the primary/definitive therapy). In some embodiments, the method 1s used to treat an
mdividual who has previously been treated. In some embodiments, the cancer has been refractory to
prior therapy. In some embodiments, the method is used to treat an individual who has not
previousty been treated.

(062771 In some embodiments, the individual has a low tumor burden. Tumor burden for solid
tumor can be measured according to the Response Evaluation Criteria in Solid Tumors (RECIST)
1.1 guideline. See, Eisenhauer EA ef ¢f., European Journal of Cancer 45 (2009) 228-247. For
example, tumor burden can be assessed for measurable tumors at baseline of treatment based on: (1)
tumor lesions {e.g., by CT scan, caliper measurement by clinical exam, and/or chest X-ray) and (2)

malignant lymph nodes. For example, tumor burden for solid cancer can be quantified as the sum of
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the diameters of 5 target lesions, with a maximum of 2 per organ. Tumor burden for liqued cancer
can be measured as the sum of product diameters of up to 6 index lesions according to Cheson 2067
criteria assessed by a radiclogist. See, Cheson BD er ¢l J. Chin. Oncol, 2067, 25(5): 579-586. In
some embodiments, an individual with a low tumor burden has a tumor burden of no more than
about any one of 4x 107, 3x10°, 2107, 1x10°, 52102, 2x10% 1x10% or less mm’.

{00278] In some embodiments, the individual does not experience Grade 3 or Grade 4 adverse side
effects after receiving the treatment. Grading of adverse events are according to Common
Terminology Criterta for Adverse Events v3.0 (CTCAE). In some embodiments, the individual does
not experience cytokine storm after receiving the treatment.

{00279] The effective amount of the modified immune cells administered in the methods described
herein will depend upon a number of factors, such as the particular type and stage of cancer being
treated, the route of administrations, the activity of the first polypeptide, the second polypeptide,
and/or the engineered receptors, and the like. Appropriate dosage regimen can be determined by a
physician based on clintcal factors, including the patient's size, body surface area, age, the particular
compound to be admnistered, sex, time and route of administration, general health, and other drugs
being administered concurrently. In some embodiments, that effective amount of the pharmaceutical
composition 1s below the level that induces a toxicological effect (ie., an effect above a clinically
acceptable level of toxicity) or 1s at a level where a potential side effect can be controlled or
tolerated when the pharmaceutical composition 1s admimstered to the individual. In some
embodiments, the effective amount of the pharmaceutical composition comprises about 10° to about
10" modified immune cells.

{00288] In some embodiments, the pharmaceutical composition 1s administered for a single time
{e.g. bolus injection). In some embodiments, the pharmaceutical composition is administered for
multiple times (such as any of 2, 3, 4, 5, 6, or more times). If multiple administrations, they may be
performed by the same or different routes and may take place at the same site or at alternative sites.
The pharmaceutical composition may be adnunistered at a suitable frequency, such as from daily to
once per vear. The optimal dosage and treatment regime for a particular patient can readily be
determined by one skilled in the art of medicine by monitoring the patient for signs of disease and

adjusting the treatment accordingly.
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{00281] In some embodiments, the individual to be treated is a mammal. Examples of mammals
include, but are not limited to, humans, monkeys, rats, mice, hamsters, guinea pigs, dogs, cats,

goats, horses, cattle and the hike. In some embodiments, the individual 1s a

2 o

rabbits, pigs, sheep

human.

Pharmaceutical compositions

{06282] Further provided by the present application are pharmaceutical compositions comprising
any one of the modified immune cells described herein, and optionally a pharmaceutically
acceptable carrier.

{00283] The pharmaceutical composition of the present applicant may comprise any number of the
modified immune cells. In some embodiments, the pharmaceutical composition comprises a single
copy of the modified immune cell. In some embodiments, the pharmaceutical composition
comprises at least about any of 1, 10, 100, 1000, 10*, 10°, 10°% 107, 10® or more copies of the
modified immune cells. In some embodiments, the pharmaceutical composition comprises a single
type of modified immune cell. In some embodiments, the pharmaceutical composition comprises at
least two types of modified immune cells, wherein the different types of modified romune cells
differ by their cell sources, cell types, expressed chimeric receptors, and/or promoters, efc.

[00284] “Carriers” as used herem include pharmaceutically acceptable carriers, excipients, or
stabilizers which are nontoxic to the cells or individual being exposed thereto at the dosages and
concentrations employed. Often the physiclogically acceptable carner 1s an aqueous pH buffered
solution. Examples of suitable pharmaceutical carriers are well known m the art and include
phosphate buffered saline solutions, water, emulsions, such as oil/water emulsions, various types of
wetting agents, sterife solutions, efc. Acceptable carriers, excipients, or stabilizers are nontoxic to
recipients at the dosages and concentrations employed.

{00285] Pharmaceutical compositions comprising such carriers can be formulated by well-known
conventional methods. The solvent or diluent 1s preferably isotonic, hypotonic or weakly hypertonic
and has a relatively low ionic strength. Representative examples include sterile water, physiological
saling (e.g. sodium chloride}, Ringer's solution, glucose, trehalose or saccharose solutions, Hank's

solution, and other aqueous physiologically balanced salt solutions (see, for example, the most
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current edition of Remington: The Science and Practice of Pharmacy, A. Gennaro, Lippincott,
Williams& Wilkins).

{00286] The pharmaceutical compositions described herein may be administered via any suitable
routes. In some embodiments, the pharmaceutical composition is administered parenterally,
transdermally (into the dermis), intraluminally, intra-arterially (into an artery), mtramuscularly {into
muscle), intrathecally or intravenously. In some embodiments, the pharmaceutical composition is
administered subcutaneously (under the skin}. In some embodiments, the pharmaceutical
composition 1s administered intravenously. In some embodiments, the pharmaceutical composition
1s admunstered to the individual via infusion or injection. In some embodiments, the pharmaceutical
compostiion is adminstered divectly to the target site, e.g., by biolistic delivery to an internal or
external target site or by catheter to a site 1n an artery. In some embodiments, the pharmaceutical
compostiion is administered locally, e.g., intratumorally. Administrations may use conventional
syringes and needles or any compound or device available in the art capable of facilitating or
mproving delivery of the active agent(s} in the subject.

{80287] Preparations for parenteral admimstration include sterile agueous or non-agueous
solutions, suspensions, and emulsions. Examples of non-aqueous solvents are propylene glycol,
polyethylene glyeol, vegetable oils such as olive oil, and njectable organic esters such as ethyl
oleate. Agueous carriers include water, alcoholic/agueous solutions, emulsions or suspensions,
meluding saline and buffered media. Parenteral vehicles include sodium chloride solution, Ringer's
dextrose, dextrose and sodium chioride, lactated Ringer's, or fixed oils. Intravenous vehicles include
fluid and nutrient replenishes, electrolyte replenishers {such as those based on Ringer's dextrose},
and the hike. Preservatives and other additives may also be present such as, for example,
antimicrobials, anti-oxidants, chelating agents, and inert gases and the like. In addition, the
pharmaceutical composition of the present disclosure might comprise proteinaceous carriers, fike,
e.g., serum albumin or immunoglobulin, preferably of human origin. Various virus formulation are
avatlable in the art etther in frozen, liquid form or lyophilized form {e.g. WO98/02522,
WOO01/66137, WO03/053463, WO2007/056847 and WOZ2008/114021, efc.). Solid (e g dry
powdered or lyophilized) compositions can be obtained by a process involving vacuum drying and

freeze-drying (see e.g. WO2014/053571). 1t 1s envisaged that the pharmaceutical composition of the
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disclosure might comprise, 1n addition to the modified immune cells described herein, further
biologically active agents, depending on the intended use of the pharmaceutical composition.
{00288] In some embodiments, the pharmaceutical composition 1s suitably buffered for human use.
Suitable buffers include without limitation phosphate buffer (e g. PBS), bicarbonate buffer and/or
Tris buffer capable of maintaining a physiological or slightly basic pH {e g. from approximately pH
7 to approximately pH 9). In some embodiments, the pharmaceutical composition can also be made
to be 1sotonic with blood by the addition of a suitable tonicity modifier, such as glycerol.

{00289] In some embodiments, the pharmaceutical composition is contained in a single-use vial,
such as a single-use sealed vial. In some embodiments, the pharmaceutical composition is contained
in a multi-use vial. In some embodiments, the pharmaceutical composition s contained in bulk in a
container,

[00296] In some embodiments, the pharmaceutical composition must meet certain standards for
administration to an individual. For example, the United States Food and Drug Administration has
1ssued regulatory guidelines setting standards for celi-based immunotherapeutic products, including
21 CFR 610 and 21 CFR 610.13. Methods are known 10 the art to assess the appearance, identity,
purity, safety, and/or potency of pharmaceutical composttions. In some embodiments, the
pharmaceutical composttion 13 substantially free of extraneous protein capable of producing
allergenic effects, such as proteins of an animal source used n cell culture other than the modified
mamune cells. In some embodiments, “substantially free” 1s less than about any of 10%, 5%, 1%,
0.1%, 0.01%, 0.001%, lppm or less of total volume or weight of the pharmaceutical composition. In
some embodiments, the pharmaceutical composition 13 prepared in a GMP-level workshop. In some
embodiments, the pharmaceutical composition comprises less than about 5 EU/kg body weight/hr of
endotoxin for parenteral administration. In some embodiments, at least about 70% of the modified
immune cells in the pharmaceutical composition are alive for intravenous administration. In some
embodiments, the pharmaceutical composition has a “no growth” result when assessed using a 14-
day direct inoculation test method as described in the United States Pharmacopoeia (USP). In some
embodiments, prior to administration of the pharmaceutical composition, a sample including both
the modified immune cells and the pharmaceutically acceptable excipient should be taken for
sterthity testing approximately about 48-72 hours prior to the final harvest (or coincident with the

last re-feeding of the culture). In some embodiments, the pharmaceutical composition is free of
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mycoplasma contamination. In some embodiments, the pharmaceuotical composition is free of
detectable microbial agents. In some embodiments, the pharmaceutical composition 1s free of
communicable disease agents, such as HIV type [, HIV type I, HBV, HCV, Human T-lymphotropic

virus, type I; and Human T-lymphotropic virus, type ii.

iv. Kits and Articles of manufacture

{06291] Also provided are kits, unit dosages, and articles of manufacture comprising any one of the
modified immune cells, or the compositions {e.g. pharmaceutical composition) described herein. In
some embodiments, a kit is provided which contains any one of the pharmaceutical compositions
described herein and preferably provides instructions for its use. In some embodiments, the kit, in
addition to the modified immune cell, further comprises a second cancer therapy, such as
chemotherapy, hormone therapy, and/or immunotherapy. The kit(s) may be tailored to a particular
cancer for an individual and comprise respective second cancer therapies for the individual.
[00292] The kits may contain one or more additional components, such as containers, reagents,
culturing media, inducers, cytokines, buffers, antibodies, and the like to allow propagation or
induction of the modified immune cell. The kits may also contain a device for local administration
{such as ntraturmoral injection) of the pharmaceutical composition to a tumor site.

[00293] The kits of the present application are in suitable packaging. Suttable packaging includes,
but 1s not lunuted to, vials, bottles, jars, flexible packaging (e.g., sealed Mylar or plastic bags), and
the hike. Kits may optionally provide additional components such as buffers and interpretative
mformation. The present application thus also provides articles of manufacture, which include vials
{such as sealed vials), bottles, jars, flexible packaging, and the hike. Some components of the kits
may be packaged either in agueous media or in lvophilized form.

{06294] The article of manufacture can comprise a container and a label or package msert on or
associated with the container. Suitable containers include, for example, bottles, vials, syringes, etc.
The containers may be formed from a variety of materials such as glass or plastic. Generally, the
container holds a composition which 1s effective for treating a disease or disorder (such as cancer}
described herein, and may have a sterile access port (for example the container may be an
mtravenous solution bag or a vial having a stopper pierceable by a hypodermic injection needle).

The label or package insert indicates that the composition 1s used for treating the particular
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condition in an individual. The label or package insert will further comprise structions for
administering the composition to the individual. The label may indicate directions for reconstitution
and/or use. The container holding the pharmaceutical composition may be a multi-use vial, which
allows for repeat administrations (e.g., from 2-6 administrations} of the reconstituted formulation.
Package insert refers to instructions customarily included in commercial packages of therapeutic
products that contain information about the indications, usage, dosage, administration,
contraindications and/or warnings concerning the use of such therapeutic products. Additionally, the
article of manufacture may further comprise a second container comprising a pharmaceutically-
acceptable bufter, such as bacteriostatic water for injection (BWFI), phosphate-buffered saline,
Ringer's solution and dextrose solution. It may further include other maternials desirable froma
commercial and user standpoint, including other buffers, diuents, filters, needles, and syringes.
[00295] The kits or article of manufacture may include multiple unit doses of the pharmaceutical
composition and mstructions for use, packaged in quantities sufficient for storage and use in

pharmacies, for example, hospital pharmacies and compounding pharmacies.

EXAMPLES

[00296] The examples below are intended to be purely exemplary of the disclosure and should
therefore not be considered to himit the disclosure 1n any way. The following examples and detailed

description are offered by way of dlustration and not by way of hmitation.

Example 1; Preparation of CAR-T cells expressing exogenously introduced CD19 and CD20
toli-like receptor (TLR) domains

[006297] This example shows the construction of exemplary armored CAR-T cells expressing
exogenously introduced toll-like receptor {TLR) domains. In particular, this example shows the
construction of CB19 and/or CB20 expressing CAR-T cells.

1.1, Construction of chimeric antigen recepiors (CARs)

[00298] To construct a CD19-co-CD20 CAR (SEQ ID NG: 1), a CAR backbone sequence
encoding a CAR backbone polypeptide comprising from the N-terminus to the C-termunus: a signal

peptide (SEQ ID NGO 5}, anti-CD19 scFv (SEQ ID NO: 6), a CDB8a lunge domain (SEQ 1D NG: 7},
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a CD8a transmembrane (TM) domain (SEQ ID NO: 8), the cytoplasmic portion of the 4-1BB
{CD137) co-stimulatory signaling domain (SEQ ID NG: 9}, and a CD3( primary intracellular
signaling domain {SEQ ID NO: 10), was codon optimized and chemically synthesized. The
sequence of an inducible costimulatory molecule comprising from the N-terminus to the C-
terminus: a signal peptide (SEQ ID NO: 53, an anti-CD20 scFv (SEQ ID NQO: 11),a TLR4
transmembrane {TM) region (SEQ ID NO: 12}, and the cytoplasmic portion of TLR4 (SEQ D NO:
13}, was also codon optimized and chemically synthesized, and linked to the CAR backbone
sequence via a P2A cleavage site (SEQ ID NO: 24). This construct is shown 1n FIG. 1. The CAR
backbone and costimulatory molecule were cloned into a lentivral vector {e.g., a second generation
lentiviral vector), downstream and operably linked to a constitutive hEF Lo promoter for in virre
transcription. Transient retroviral supernatants were produced refer as exemplified in Blood (2006)
108 (12} 3890-3897.

[00299] A second CD19 CAR backbone comprising 4-1BB as costimulatory domain (“CD19 BM
CAR”), comprising from the N-terminus to the C-terminus: a signal peptide (SEQ ID NO: 5), anti-
CD19 seFv (SEQ ID NO: 6), a CD8a hinge domain (SEQ 1D NO: 7}, a CD8a transmembrane (TM)
domain (SEQ 1D NO: 8), a 4-1BB co-stimmulatory signaling domain (SEQ ID NO: 9), and a CD3(
primary intracellular signaling domaim (SEQ 1D NG 10), was prepared as described above and used
for comparative analysis.

1.2. Construction of CAR-T cells

Viral Preparation

{80308] Lentivirus packing plasmuid muxture including pCMV-AR-8.47 and pMD2.G was
purchased from Addgene, and admixed with the appropriate U AR-encoding plasmid at a pre-
optimized ratio with polyethylemimine. HEK293 cells were transfected with the mixture of
lentivirus and CAR-constructs, and were cultured overnight. Following overnight culture the
supernatant was collected. The supernatant was centrifuged to further remove cellular debris, and
filtered through a 0.45pm PES filter. The virus particles were pelleted, and rinsed with pre-chilled
DPBS. The virus was aliquoted and stored at -80 °C immediately, and the virus titer was determined
by measuring supT1 cell line transduction efficiency by flow cytometric assay.

Virus Transduction of T Cells
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{00301] Leukocytes were collected from healthy donors by apheresis. Peripheral blood
mononuclear cells (PBMCs) were isolated using FICOLL-PAQUE"™ PLUS Media, and human T
cells were purified from PMBCs using a Pan T cell 1solation kit (Miltenyt}. The purified T cells
were subsequently pre-activated for 48 hours with a human T cell activation/expansion kit
(Miltenyi). Following pre-activation, anti-CD3/CD28 MACSiBead ™ particles were added at a
bead-to-cell ratio of 1.2 to expand the T cells.

{00302] The pre-activated T cells were transduced with lentivirus in the presence of 8 ug/mL
polybrene. The cells were cultured in 6-well tissue culture plates with 4x10° T cells/well, for
approximately 48 hours at 37 °C. The transduced cells were centrifuged, the supernatant was
removed, and the pelleted cells were resuspended at 0.5x10° cells/roL. in fresh media supplemented
with 300 TU/ml IL-2 for culture. The cell concentration was adjusted to 0.5x10° cells/mL every 2 to
3 days.

[00303] CAR expression was detected on T cells by admixing protein L and rabbit-anti-sdAb with

the CAR cultured cells, to detect the cell surface scFvs and sdAbs, respectively.

Example 2: In vifro cytotoxicity evaluations of CD19-co-CD20 CAR-T cells
[00304] This example shows the in vitro anti-tumor activity of CD19-¢co-CD20 CAR-T cells.

2.1 Lactate dehydrogenase (LDH) cytoxicity

[00305] For quick evaluation of anti-turmor activities of engimeered T cells {e.g, CD19 BM CAR-T
and CD19-co-CD20 CAR-T cells) in vitro, a lactate dehydrogenase (LDH) assay for cytotoxicity
was performed. On day 5 or day 9 post-transduction, CD19-co-CD20 CAR transduced T cells (SEQ
ID NO: 1) were harvested and co-incubated with target cells {CD19 and CD20-expressing BLL
tumor Raji cells) at B/T ratio (Effector: CAR-T/Target) vatio of 1:1, 1:0.3, for 20 hours,
respectively. CDB19 BM CAR-T cells (SEQ ID NO: 2} were used as a positive control, untransduced
T cells (“UnT7) from the same batch were used as a negative control. The assay was performed
following the manufacturer’s manual (Roche).

{00306] The in vitro cytotoxicity was calculated by the equation below ([LDH]e+r: the LDH
released from E/T co-incubation, [LDH ]z the LDH released from Effector only, [LDH}nax: the
LDH released from target cells treated with Triton X-100, [LDH Jwin: the LDH released from

UnTreated target cells):
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[LDH)gyr — [LDH]g — [LDH] i
Cytotoxicity % = : : : % 100%
l.LDH Emdﬂc - {LDHjmin

{60307] All tested CAR constructs {e.g., C(D19-co-CD20 CAR-T, CD19 BM CAR-T, and UnT
cells) effectively transduced human T cells with CAR expression rates between 25% and 60%. Cell
erowth and viability of transduced cells were not affected relative to untransduced T cells in the
same batch of experiments. As shown in FIG. 2, CD19 BM CAR-T and CD19-co-CD20 CAR-T
cells mduced target cell lysis in a dose dependent manuner in vifro. Moreover, CD19-co-CD20 CAR-
T cells exhibited stronger cytotoxicity against target cells than CD19 BM CAR-T at low E/T ratios.
2.2 Cytokine Secretion by homogeneous Time Resolved Fluorescence (HTRF)

[00308] Anocther measure of effector T-cell activation and proliferation s the production of
etfector cytokines such as IFNy and TNFo. Supernatants from the in vifro cyiotoxicity assay were
collected to assess CAR-induced cytokine release, and Homogeneous Time Resolved Fluorescence
(HTRF) assays for IFN-y {Cisbio) were performed according to the manuofacturer’s manual.

[00309] CAR-T cells (e.g., CD19 BM CAR-T, CB19-co-CD20 CAR-T, and untransduced “anT”
CAR-T cells) were co-cultured with Raji target cells. The culture supernatants were collected after
24 h to assess [FNy and TNFo release as a measure of T cell activation. As shown in FIGs. 3 and 4,
CD19-co-CD20 CAR-T cells co~-cultured with target cells secreted significant amounts of TNFo and
IFNy. Moreover, the level of TNFag secretion was higher than that of positive control CD19 BM
CAR-T cells.

2.3 Long-term co-culture assay

{00318] To evaluate the long-term killing efficacy of CD19-co-CD20 CAR-T cells, long-term co-
culture assays were performed to mimic the dynamic killing process in vive. Transduced {(e.g.,
CD19 BM CAR-T or CD19-co-CD20 CAR-T) or non-transduced (e.g., unT) T cells (Ix10°/well}
were co-cultured with Raji target cells (4x10° well) at an E: T ratio of 1:4 in 24-well plates, in the
absence of exogenous cytokines {(e.g., IL-2). Part of the cells were harvested and stained for CD3
after 2 or 3 days of co-culture. CAR-T cells were identified by CD3 and CAR signal. For serial co-
culture assays, the remaining T cells were then re-chalienged with fresh Raji target cells at the same

E: T ratio. Co-cultures were carried on until the tumor cells outgrew the well volume. The T cell
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proliferation rate at each time point was calculated by dividing the number of T cells at the time
point by the inttial number of T cells.

{00311] The killing efficacy of various CAR-T cells in the repeated tumor stimulation assay is
shown in FIG. 5. The CD19 BM CAR-T cells were exhausted after 5 rounds of tumor stimulation
{e.g., could not kill additional target tumor cells, as measured by CD3%), whereas CD19-co-CD20
CAR-T cells persisted killing target tumor cells to 7 rounds of tumor stimulation. In addition,
CD19-co-CD20 CAR-T cells proliferated and exhibited better long-term expansion than CD19 BM
CAR-T cells in vitro (FIG. 6). These results demonstrate that TLR4 signaling activation renders
CAR-T cells resistant to exhaustion and enhances their ability to kill target tumor cells in vitro, thus

addressing major barriers to progress with this class of therapeutic agents.

Example 3: Preparation of CAR-T cells expressing exogenocusly intreduced CLL1 and CD33
toli-like receptor {TLR) domains

[00312] This example shows the construction of exemplary armored CAR-T cells expressing
exogenously introduced toll-like receptor (TLR) domains. In particular, this example shows the
construction of CLL1 and/or CD33 expressing CAR-T cells.

3.1, Construction of chimeric antigen receptors (CARs)

[00313] This example contains two CAR constructs. The first CAR construct named CLL1-co-
CD33 CAR (SEQ ID NO: 3), a CAR bhackbone sequence encoding a CAR backbone polypeptide
comprising from the N-ternunus to the C-termunus: a signal peptide (SEQ ID NO: §), anti-CLL1
sdAb (SEQ ID NO: 14), a CD2ZBo hinge domain (SEQ 1D NG: 15), a CD28 transmembrane (TM)
domain (SEQ ID NO: 16), the cytoplasmic portion of the CD28 molecule (SEQID NG: 17), and a
CD3( primary intracellular signaling domain (SEQ 1D NG: 10), was codon optumized and
chemically synthesized. The sequence of a first inducible costimulatory molecule comprising from
the N-terminus to the C-terminus: a signal peptide {(SEQ ID NO: 5), an anti-CD33 V domain sdAb
(SEQ ID NG: 21), a TLR2 transmembrane (TM) region (SEQ ID NO: 22}, and the cytoplasmic
portion of TLR2 (SEQ 1D NO: 23), was also codon optimized and chemically synthesized, and
linked to the CAR backbone sequence via a PZA cleavage site (SEQ ID NG 24} The sequence of a
second mducible costimulatory molecule comprising from the N-terminus to the C-terminus: a

signal peptide (SEQ 1D NQO: 5), an anti-CD33 C2 domain sdAb (8EQ 1D NO: 18}, a TLR1
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transmembrane {TM) region (SEQ 1D NG: 19), and the cytoplasmic portion of TLRI {SEQ ID NO:
20), was also codon optimized and chemically synthesized, and linked to the first inducible
costimulatory molecule via a P2A cleavage site (SEQ 1D NG: 24). This construct is shown in FIG.
7.

{00314] The second CAR construct named CLL1-co-CD33-2 CAR (SEQ ID NO: 71}, a CAR
backbone sequence encoding a CAR backbone polypeptide comprising from the N-terminus to the
C-termunus: a signal peptide (SEQ ID NO: §), anti-CLL1 sdAb (SEQ ID NO: 14), a CD8a hinge
domain (SEQ ID NO: 7}, a CD8a transmembrane (TM) domain (SEQ 1D NG: &), the cytoplasmic
portion of the 4-1BB{CD 137} molecule (SEQ ID NO: 9), and a CD3( primary intracellular
stgnaling domamn (SEQ ID NO: 10), was codon optimized and chemically synthesized. The
sequence of inducible costimulatory molecule comprising from the N-termunus to the C-terminus: a
stgnal peptide (SEQ 1D NO: 5), an anti-CD33 sdAb (SEQ 1D NG: 21), a TLR4 transmembrane
{(TM} region {(SEQ 1D NG: 12), and the cytoplasmic portion of TLR4 (SEQ ID NG: 13}, was also
codon optimized and chemically synthesized, and linked to the CAR backbone sequence via a PZA
cleavage site (SEQ 1D NO: 24). This construct 1s shown in FIG 7.

{063158] The CAR backbone and costimulatory molecule were cloned into a lentivral vector (e.g., a
second generation lentiviral vector), downstream and operably linked to a constitutive hEF1a
promoter for in vitro transcription. Transient retroviral supernatants were produced refer as
exemplified i Blood (2006) 108 (12} 3890-3897.

{00316} A construct encoding anti-CLL1 benchmark CAR (CLL1 BM CAR) was also prepared as
described above for comparative analysis (SEQ 1D NG: 4),

{00317} A construct encoding anti-CLL1/CD33 dual CAR (CLL1/CD33 dual CAR) was also
prepared as described above for comparative analysis (SEQ ID NO: 43).

3.2. Viral Preparation and Transduction of T cells

{00318] Lentiviruses were prepared as described in Example 1. T cell lymphocytes were collected

and transduced with the lentiviruses according to the methods described in Example 1.

Example 4: In vifro cytotoxicity assay of CLL1-¢0-CB33 CAR-T cells
{00319] This example shows the in vifre anti-tumor activity of CLL1-co-CD33 CAR-T and CLL1-
o-CD33-2 CAR-T cells.

]
@]

156



WO 2023/020558 PCT/CN2022/113170

4.1 Lactate dehydrogenase (LDH) cytoxicity

{06328] LDH assays were performed to measure cytotoxicity following 24 h of culture, as
described in Example 2.1. CLLT and CD33-expressing AML cell line U937 was used as the target
celis. As shown in FIG. 8, CLL1 BM CAR-T cells, CLL1-co-CD33 CAR-T and CLL1-¢o-CD33-2
CAR-T cells showed comparable in vitre cytotoxicity against U937 target cells.

4.2 Cytokine Secretion by homogeneous Time Resolved Fluorescence (HTRF)

{00321] Supernatants from the in vifro cytotoxicity assay were collected to assess CAR-induced
cytokine release, and Homogeneous Time Resolved Fluorescence (HTRF) assays for IFN-y (Cishio)
were performed according to the manufacturer’s manual and Example 2.2,

(60322 CAR-Tcells (e.g., CLLT BM CAR-T cells, CLL1-co-CD33 CAR-T and CLL1-co-CD33-2
CAR-T and untransduced “unT” CAR-T cells) were co-cultured with U937 target cells. The culture
supernatants were collected after 24 h to assess IFNy and TNFg release as a measure of T cell
activation. As shown in FIGs. 9and 10, CLL1-co-CD33 CAR-T and CLLI-co-CD33-2 CAR-T
cells co-cultured with target cells secreted significant amounts of TNFg and IFNy. Moreover, the
level of both TNFa and IFNy secretion was higher than that of positive control CLLT BM CAR-T
cells.

4.3 Long-term co-culfure assay

[00323] To evaluate the long-term killing efficacy of CLL1-co-CD33 CAR-T cells, long-term co-
culture assays were performed to mimic the dynamic killing process in vive. Transduced (e.z.,
CLL1 BM CAR-T, CLL1-¢co-CD33 CAR-T or CLL1-co-CD33-2 CAR-T} or non-transduced {e.g.,
unT) T cells {12107/ well) were co-cultured with U937 target cells (4x10° well} at an E: T ratio of
1.4 in 24~-well plates, in the absence of exogenous cviokines {e.g., IL-2}. Part of the cells were
harvested and stained for CD3 after 2 or 3 days of co-culture. CAR-T cells were identified by CD3
and CAR signal. For serial co-culture assays, the remaining T cells were then re-challenged with
fresh U937 target cells at the same E: T ratio. Co-cultures were carried on until the tumor cells
outgrew the well volume. The T cell proliferation rate at each time point was calculated by dividing
the number of T cells at the time point by the initial number of T cells.

{00324] The lalling efficacy of various CAR-T cells in the repeated tumor stimulation assay is

shown in FIG 11, The CLLT BM CAR-T cells were unable to kill target tumor cells after day 15 of
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re-challenge, whereas CLE1-co-CD33 CAR-T and CLL1T-co-CD33-2 CAR-T celis persisted killing
target tumor cells to day 20 of tumor stimulation. In addition, CLL1-co-CD33 CAR-T and CLL1-
co-CD33-2 CAR-T cells proliferated and exhibited better long-term expansion than CLLI BM
CAR-T cells in vitro (FIG. 12). These results demonstrate that the chimeric TLR can provide a
potent costimulatory signal that enhances T cell survival and augments T cell proliferation in the

context of CAR signaling.

Example 5: Evaluation of CLLI-co-CD33 CAR-T in vive mouse model

{00325] Anti-tumor activities of armored TLR CAR-T cells were assessed in vive 1n a U937-Luc
xenograft mouse model according to the schedule shown in FIG. 13. 2x10° U937-Luc cells with the
firefly luciferase reporter gene expression were implanted subcutaneously on day 0 in NOD/SCID
IL-2RyCrnull (NSG) mice. Bioluminescent imaging (BLI) was conducted weekly or tiweekly post
tumor moculation to monitor model development. The animals were randomized based on the BLI
photon numbers and animal body weights. After randomuzation, a single dose of CAR-T cells or
UnT cells were infused intravenously. Weekly BLI imaging was performed to record tumor growth.
Bioluminescence imaging {(BLI) showed that a reduced turor burden was present in mice infused
with TLR armored CAR T cells compared with CLL1 BM CAR T and CLL1/CD33 dual CAR T
cells (FIG. 14). Consistently, the percentages of CAR T cells i the peripheral blood mononuclear
cells (PBMC) were significantly higher in mice treated with TLR armored CAR T cells compared
with CLLT BM CAR and CLL1/CD33 dual CAR T cells (FIG. 14). Thus, CLL1-co-CD33 CAR-T
were more potent than CLLT BM or CLLU/CD33 dual CAR T cells at killing U937-GL cells in

vivo.

Example 6: Evaluation of CLLIE-co-CD33 CAR-v8 T

{80326] Gamma delta T {y6T) lymphocytes develop mainly in the thymus and generate theirv6 T
cell receptor through V{D)J recombination, and are primed for rapid function, including cytotoxicity
toward cancer cells. Another potential advantage of v6 T cells 1s that, unltke of T cells, they are not
restricted to MHC, and thus utilizing engineered allogeneic donorderived vo T cells expressing CAR
transgene could theoretically be used as an off-the-shelf universal product, though this application
would be limited to very immunocompronused patients. Therefore, we also assessed the efficacy of

TLR armored CAR (e.g., CLL1-co-CD33 and CLL1-co-CD33-2) modified vo T.
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{00327] The in vivo efficacy of CLL1-co-CD33 CAR vo T cells were evaluated in a U937-Luc
xenograft mouse model as described in Example 5. As shown in FIG 15, mice treated with CLL1-
co-Ch33 CAR v3 T showed persistent U937 tumor clearance in ali mice. However, both CLL1 BM
CAR and CLL1/CD33 dual CAR v5 T group experienced tumor relapse. Consistently, the
percentages of CAR v3 T cells in the peripheral blood mononuclear cells (PBMC) were significantly
higher in mice treated with CLL1-co-CP33 or CLLI-co-CD33-2 CAR v3 T cells compared with
CLL1 BM CAR and CLL1/CD33 dual CAR v6 T cells.

Example 7: Preparation of CAR v& T cells expressing exogenously introduced GPC3 and
MEG2D CD8 TLR4 chimeric receptors

{00328] Thuis example shows the construction of exemplary armored CAR v& T cells expressing
exogenously introduced NKG2D CDS TLR4 chimeric receptors. In particular, this example shows
the construction of GPC3 expressing CAR v6 T cells.

7.1, Construction of chimeric antigen recepiors (CARs)

{00329] To construct an anti-GPC3 armored NKG2D TLR4 chimeric receptors (SEQ 1D NO: §7),
a CAR backbone sequence encoding a CAR backbone polypeptide comprising from the N-terminus
to the C-terminus: a signal peptide (SEQ ID NO: 5}, anti-GPC3 scFv (SEQ ID NO: 55), a CD8«
hinge domain (SEQ ID NO: 7), a CD8 transmembrane (TM) domain (SEQ 1D NO: 8), the
cytoplasmic portion of the 4-1BB molecule (SEQ ID NO: 9), and a CD3{ primary intracellular
signaling domam (SEQ ID NO: 10), was codon optimized and chemically synthesized. The
sequence of the NKG2D TLR4 chimeric receptors comprising from the N-terminus to the C-
terminus: a signal peptide (SEQ 1D NO: 5), an NKG2ZD ECD (SEQ ID NG: 51),a TLR4
transmembrane { TM) region (SEQ 1D NG: 12), and the cytoplasmic portion of TLR4 {(SEQ ID NO:
13), was codon optimized and chemically synthesized, and linked to the CAR backbone sequence
via a P2ZA cleavage site (SEQ ID NO: 24).

{80338] To construct an anti-GPC3 armored NKG2D CD8 TLR4 chumeric receptors (SEQ 1D NO:
583, a CAR backbone sequence encoding a CAR backbone polypeptide comprising from the N-
terminus to the C-terminus: a signal peptide (SEQ 1D NG: 5), anti-GPC3 scFv (SEQ ID NO: 55),a
CD8¢ hinge domain (SEQ 1D NG: 73, a CD8 transmembrane (TM} domain (SEQ ID NO: 8), the
cytoplasmic portion of the 4-1BB molecule (SEQ ID NO: 9), and a CD3({ primary intracellular
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signaling domain {(SEQ ID NO: 10), was codon optimized and chemically synthesized. The
sequence of the NKG2ZD CD8 TLR4 chimeric receptors comprising from the N-terminus to the C-
terminus: a signal peptide (SEQ ID NO: 5), an NKG2ZD ECD (S8EQ ID NO: 51}, a CD8a hinge
{(SEQ 1D NO: 7}, a TLR4 transmembrane {TM) region (SEQ ID NQO: 12), and the cytoplasmic
portion of TLR4 (SEQ D NO: 13), was also codon optimized and chemically synthesized, and
linked to the CAR backbone sequence via a P2ZA cleavage site (SEQ ID NO: 24). This construct 15
shown in FIG. 16A.

{00331} The CAR backbone and NKGZD TLR4/ NKG2D D8 TLR4 chimeric receptors were
cloned into a lentivral vector (e.g., a second generation lentiviral vector), downstream and operably
linked to a constitutive hEF Lo promoter for in virro transcription. Transient retroviral supernatants
were produced refer as exemplified in Blood (2006) 108 (12): 3890-3897.

[00332] A construct encoding anti-GPC3 CAR (GPC3 CAR) was also prepared as described above
for comparative analysis (SEQ ID NO: 36).

7.2. Viral Preparation

[00333] Lentiviruses were prepared as described 1n Example 1.

7.3. Transduction of p8 T cells

[00334] vO T cells were prepared by addition of 3uM Zoledronate and 1000 TU/mL 1L-2 to PBMCs
and cultured for 9 days with perodical change of media supplemented with 1000 IU/mL 11-2.
Alternatively, vo T cells were 1solated from PBMC or umbilical cord blood (UCB}) and then
stimulated by anti~yé TCR antibody and anti-CD3 (OKT3) followed by co~-incubation of K562-
based artificial antigen-presenting cells (aAPCs} at an 1:2 ratio for at least 10 days.

PBMCs were isolated by density centrifugation (lymphoprep} from leukapheresis material and
cryopreserved. PBMCs were resuscitated and activated with zoledronic acid (SpM)} in cell culture
media AIM-V supplemented with 1L-2 (1000 IU/ml} and 5% human AB serum and kept in a
humidified chamber (37°C, 5% €02} . 48 hours post-activation, cells were transduced with
lentiviral vectors encoding the system of Example 1 at an MOI of 5 with 5 pg/ml polvbrene. Such
transduction procedure was repeated the next day followed by replenishment of fresh media
containing {L-2 {1000 IU/mi) the second day after the transduction. Cells were cultured in AIM-V
supplemented with IL-2 (1000 IU/ml) in a humidified chamber with periodical change of media as
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determined by the pH of the culture media for further expansion. Cells were harvested 10 days post-
transduction and the total number, purity and transduction efficiency were determined. Cells were
further enriched with a negative TCRy/8™ T cell isolation kit (Miltenyi Biotec) before future

applications or cryopreserved.

Example 8: In vitro cytotoxicity assay of anti-GPC3 CAR v& T cells armored with NKG2D CD8
TLR4 chimeric receptors

{00335] This example shows the in vifro anti-tumor activity of anti-GPC3 CAR v3 T cells armored
with NKG2D CD8 TLR4 chimeric receptors.

8.1 Long-term co-culture assay

{00336] To evaluate the long-term killing efficacy of CAR v& T cells, we performed long-term co-
culture assays, which mimic the dynamic killing process in vive. Transduced or non-transduced T
cells (1x10° /well) were co-cultured with tumor cell lines (Huh7 cells, 1 %107 /well) at an E: T ratio
of 1:1 in 24-well plates, in the absence of exogenous cytokines (IL-2). Part of the cells were
harvested and stained for CD3 after 2 or 3 days’ co-culture. For serial co-culture assays, the
rematning T cells were then re-challenged with fresh Huh7 cells at the same E:T ratio. Co-cultures
were carried on until tumor cells outgrew. The T cell proliferation rate at each time point was
calculated by dividing the number of T cells at the time point by the number of T cells at a previous
time point.

[00337] Representative result of long-term co-culture assay by FACS detection 15 shown in FIG. 19,
Calculated T cell proliferation from the same experiment is shown m FIG. 20, The data indicated
that NKG2D CDE8 TLR4 chimeric receptors armored anti-GPC3 CAR v0 T cells have better
cytotoxicity and proliferation than anti-GPC3 CAR v6 T cells in vifro,

8.2 IFN-y secretivn detected by HTRF

{00338] Anocther measure of effector T-cell activation and proliferation is the production of effector
cytokines such as IFN-y. Supernatants from the round] to round 3 in vitro cytotoxicity assay were
collected to assess CAR-induced cvtokine release. HTRF assays for IFN-y (Cisbio, Cat#
6ZHIFNGPEH) was performed according to the manufacturer’s manual.

{00339] The corresponding cytokine release result is shown in FIG. 21, Both anti-GPC3 v6 CAR T

cells exhibited potent killing activity against Huh7 cells, and released IFN-y in response to Huh7
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cells. CAR T cells armored with NKG2D CD8 TLR4 chimeric receptor showed higher level of IFN-

v secretion than naked CAR T cells.

Example 9: Preparation of CAR aff T cells expressing exogenously infroduced CD1I9 and
NEG2ZD CD3 TLRY chimeric receptors

{00346 This example shows the construction of exemplary armored CAR of T cells expressing
exogenously introduced NKG2D CD8 TLR4 chimeric receptors. In particular, this example shows
the construction of CD19 expressing CAR off T cells.

9.1. Construction of chimeric antigen receptors (CARs)

{00341} To construct an anti-CD19 armored NKGZD TLR4 chumeric receptors {SEQ ID NO: 59), a
(AR backbone sequence encoding a CAR backbone polypeptide comprising from the N-terminus
to the C-terminus: a signal peptide (SEQ ID NO: 5}, anti-CD19 scFv (SEQ ID NO: 6), a CD8a
hinge domain (SEQ ID NO: 7}, a CD8 transmembrane {(TM) domain (SEQ [D NO: 8), the
cytoplasmic portion of the 4-1BB molecule (SEQ ID NG: 9), and a CD3{ primary intracellular
signaling domain (SEQ ID NO: 10}, was codon optimized and chemically synthesized. The
sequence of the NKG2ZD TLR4 chimeric receptors comprising from the N-termunus to the C-
termuinus: a signal peptide (SEQ 1D NO: §), an NKG2D ECD (SEQ ID NO: 51),a TLR4
transmembrane {TM) region (SEQ ID NO: 12), and the cytoplasmic portion of TLR4 (SEQ 1D NO:
13), was also codon optimized and chemically synthesized, and linked to the CAR backbone
sequence via a P2A cleavage stte (SEQ 1D NO: 24).

{00342] To construct an anti-CD19 armored NKG2D CB8 TLR4 chumeric receptors (SEQ ID NO:
60}, a CAR backbone sequence encoding a CAR backbone polypeptide comprising from the N-
terminus to the C-termunus: a signal peptide (SEQ ID NO: §), anti-CD19 seFv (SEQ ID NG 6}, a
CD8o hinge domain (SEQ 1D NO: 7), a CD8 transmembrane (TM) domamn (SEQ 1D NO: B8), the
cytoplasmic portion of the 4-1BB molecule (SEQ ID NO: 9), and a CD3L primary intracellular
stgnaling domamn (SEQ ID NO: 10), was codon optimized and chemically synthesized. The
sequence of the NKG2D CD8 TLR4 chimeric receptors comprising from the N-terminus to the C-
terminus: a signal peptide (SEQ 1D NG: 5), an NKG2D ECD (SEQ 1D NO: 51), a CD8a hinge
(SEQ 1D NG: 7}, a TLR4 transmembrane (TM) region (SEQ 1D NO: 12), and the cytoplasmic

portion of TLR4 (SEQ ID NO: 13}, was also codon optimized and chemically synthesized, and
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linked to the CAR backbone sequence via a P2A cleavage site (SEQ 1D NO: 24). This construct 13
shown in FI(G 16A.

{00343] The CAR backbone and NKG2D TLR4/ NKG2ZD CD8 TLR4 chimeric receptors were
cloned into a lentivral vector {e.g , a second generation lentiviral vector), downstream and operably
linked to a constitutive hEF 1o promoter for in vitro transcription. Transient retroviral supernatants
were produced refer as exemplified in Blood (2006) 108 (12); 3890-3897.

{00344} A construct encoding anti-CD19 CAR (CD19 BM CAR) was also prepared as described
above for comparative analysis (SEQ 1D NO: 2).

9.2, Viral Preparation and Transduction of T cells

[00345] Lentiviruses were prepared as described in Example 1. T cell lymphocytes were collected

and transduced with the lentiviruses according to the methods described in Example 1.

Example 10: In viftro cytotexicity assay of anti-CD 19 CAR B T cells armored with NKG2ZD CD8
TLR4 chimeric receptors

{00346] Thus example shows the in vitro anti-tumor activity of anti-CD19 CAR uff T cells armored
with NKG2D CD8 TLR4 chimernic receptors.

Long-term co-culture assay

[00347] To evaluate the long-term killing efficacy of CAR «f T cells, we performed long-term co-
culture assays. Transduced or non-transduced T cells (1x10° /well} were co-cultured with tumor cell
lines {Raji cells, 1x1¢° /well) at an E:T ratio of 1:1 in 24-well plates, in the absence of exogenous
cytokines (IL-2). Part of the cells were harvested and stained for CD3 after 2 or 3 days’ co-culture.
{080348] For serial co-culture assays, the remaining T cells were then re-challenged with fresh Rap
cells at the same E:T ratio. Co-cultures were carried on antil tumor cells outgrew. The T cell
proliferation rate at each timne point was calculated by dividing the nuomber of T cells at the time
point by the number of T cells at a previous time point.

{080349] Representative result of long-term co-culture assay by FACS detection was shown in FIG.
22. Calculated T cell proliferation from the same experiment were shown in FIG. 23, The data
mdicated that NKG2D CD8 TLR4 chimeric receptor armor improved anti-CD19 CAR o T cells

cytotoxicity and proliferation.
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Example §1: In vivo efficacy evaluation of anti-GPC3 CAR v8 T cells armored with NKG2D
B8 TLRY chimeric recepiors

{00356 This example shows the in vive anti-tumor activity of anti-GPC3 CAR v6 T cells armored
with NKG2D CD8 TLR4 chimeric receptors.

{00351} Anti-tumor activity of an exemplary anti-GPC3 CAR-yd T cells was assessed in vivo ina
Huh7 xenograft model. Briefly, 3 million (3410% Huh7 cells were implanted subcutaneously on day
0 1 NOD/SCID IL-2RyC null (NSG) mice. Ten days after tumor noculation, mice were treated
with intravencus injection of 1 x 10° armored CAR-vS T or mock T cells or phosphate-buffered
saline (PBS). Tumor dimensions were measured with calipers twice a week, and tumor volumes
were calculated using the formula V= 1/2 (Jength x width?). Mice were euthanized when the mean
turnor burden in the control mice reached 2,000 mn?’.

[00352] The results of anti-tumor effect of anti-GPC3 CAR voT cells or anti-GPC3 CAR armored
with NKG2D CDR TLR4 chimeric receptors voT cells in Huh7 xenograft model were shown in FIG.
24, Unarmored CAR-v6 T cells, alongside NKG2D CD8 TLR4 chimeric receptors armored CAR-y8
T cells inhibited tumor growth. Specifically, unarmored CAR-y8 T cells-treated mice reached tumor
free but slowly repulsed, while NKG2ZD CDS8 TLR4 chimeric receptors armored CAR-yS T cells-
treated mice reached tumor-free and remained healthy and tumor-free till the end of experimental

observations.

Example 12: Preparation of CAR-T cells expressing exogenocusly introduced toli-like receptor
4 (TLR4) imtracellular domains with tandem, single anti-BCMA sdAb or anti-GPRCSD scFv
{00353] This example shows the construction of exemplary armored CAR-T cells expressing
exogenously introduced toll-like receptor (TLR) domains. In particular, this example shows the
construction of anti-BCMA CAR-T cells with tandem, single sdAbs or anti-GPRCSD scFv.

2.1, Construction of chimeric antigen receptors (CARs)

[00354] To construct a tandem anti-BCMA-~co-anti-BCMA CAR (SEQ ID NO: 61), a CAR
backbone sequence encoding a CAR backbone polypeptide comprising from the N-terminus to the
C-terminus: a signal peptide (SEQ ID NO: 5}, tandem anti-BCMA sdAb (SEQ 1D NO: 44), a CD8a
hinge domain (SEQ ID NO: 73, a CD8a transmembrane (TM) domawmn (SEQ 1D NG: 8}, the
cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain (SEQ ID NQG: 9), and a
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CD3( primary intracellular signaling domaim (SEQ 1D NG: 10), was codon optimized and
chemically synthesized. The sequence of an inducible costimulatory molecule comprising from the
N-terminus to the C-terminus: a signal peptide (SEQ 1D NG: 5), tandem anti-BCMA sdAb (SEQ ID
NO: 44), a TLRA4 transmembrane (TM) region {SEQ ID NO: 12), and the cytoplasmic portion of
TLR4 (SEQ 1D NG: 13}, was also codon optimized and chemically synthesized, and linked to the
CAR backbone sequence via a P2A cleavage site (SEQ ID NO: 24},

{00355] To construct a single anti-BCMA-co-anti-BCMA CAR (SEQ 1D NO: 62), a CAR
backbone sequence encoding a CAR backbone polypeptide comprising from the N-terminus to the
C-terminus; a signal peptide (SEQ ID NO: 5}, a anti-BCMA sdAb (SEQ ID NO: 68), a CD8« hunge
domain (SEQ ID NO: 7), a CD8« transmembrane {(TM) domain (SEQ ID NO: 8), the cytoplasmic
portion of the 4-1BB (CD137) co~stimulatory signaling domain (SEQ ID NO: 9), and a CD3(
primary ntracellular signaling domain (SEQ ID NO: 10), was codon optimized and chemically
synthesized. The sequence of an inducible costimulatory molecule comprising from the N-terminus
to the C-terminus: a signal peptide (SEQ ID NO: 5}, anti-BCMA sdAb (SEQ ID NO: 69), a TLR4
transmembrane (TM) region (SEQ 1D NO: 12}, and the cytoplasmic portion of TLR4 (SEQ ID NO:
13}, was also codon optimized and chemucally synthesized, and linked to the CAR backbone
sequence via a P2A cleavage site (SEQ ID NO: 24).

[00386] To construct a single anti-BCMA-co-anti-BCMA-CD8 CAR (SEQ ID NO: 633, a CAR
backbone sequence encoding a CAR backbone polypeptide comprising from the N-terminus to the
C-terminus: a signal peptide (SEQ ID NO: 5}, a anti-BUMA sdAb (SEQ ID NO: 68), a CD8a hinge
domain (SEQ ID NO: 7}, a CD8a transmembrane {TM) domatn (SEQ 1D NO: B), the cytoplasmic
portion of the 4-1BB (CD137) co-stimulatory signaling domain (SEQ ID NG: 9), and a CD3(
primary intracellular signaling domain (SEQ 1D NO: 10}, was codon optimized and chemically
synthesized. The sequence of an inducible costimulatory molecule comprising from the N-terminus
to the C-terminus: a signal peptide (SEQ 1D NO: 5}, anii-BCMA sdAb (SEQ 1D NG: 69), 3 CD8u
hinge domain (SEQ 1D NO: 7), a TLR4 transmembrane (TM) region (SEQ D NO: 12), and the
cytoplasmic portion of TLR4 (SEQ ID NO: 13), was also codon optimized and chenucally
synthesized, and linked to the CAR backbone sequence via a P2ZA cleavage site (SEQ ID NO: 24},
{00357} To construct a single anti-BCMA-co-anti-BCMA-CD28 CAR (SEQ ID NQO: 64), a CAR

backbone sequence encoding a CAR backbone polypeptide comprising from the N-terminus to the
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C-terminus: a signal peptide (SEQ ID NO: 5}, a anti-BUMA sdAb (SEQ ID NO: 68), a CD8a hinge
domain (SEQ ID NO: 7}, a CD8a transmembrane {TM) domatn (SEQ ID NO: B), the cytoplasmic
portion of the 4-1BB (CD137) co-stimulatory signaling domain (SEQ ID NG: 9), and a CD3(
primary intracellular signaling domain (SEQ D NO: 10), was codon optimized and chemically
synthesized. The sequence of an inducible costimulatory molecule comprising from the N-terminus
to the C-terminus: a signal peptide (SEQ D NO: 5}, anti-BCMA sdAb (SEQ 1D NO: 69), a CD28
hinge domain (SEQ ID NO: 15), 3 TLR4 transmembrane (TM) region (SEQ D NO: 12), and the
cytoplasmic portion of TLR4 (SEQ ID NO: 13), was also codon optimized and chenucally
synthesized, and linked to the CAR backbone sequence via a P2ZA cleavage site (SEQ ID NO: 24},
{00358] To construct a tandem anti-BCMA-co-anti-GPRCSD CAR (SEQ ID NO: 65}, a CAR
backbone sequence encoding a CAR backbone polypeptide comprising from the N-terminus to the
C-termunus: a signal peptide (SEQ ID NO: §), tandem anti-BCMA sdAb (SEQ ID NO: 44), a CD3a
hinge domain (SEQ ID NO: 7), a CD8g transmembrane (TM) domamn (SEQ ID NO: 8), the
cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain (SEQ ID NQG: 9), and a
CD3L primary intracellular signaling domain (8EQ ID NO: 10), was codon optimized and
chemically synthesized. The sequence of an inducible costimulatory molecule comprising from the
N-terminus to the C-terminus: a signal peptide (SEQ ID NO: §), anti-GPRCSD scFv (SEQ ID NG:
70}, a TLR4 transmembrane (TM) region (SEQ 1D NO: 12), and the cytoplasmic portion of TLR4
{(SEQ ID NO: 13), was also codon optimized and chemically synthesized, and hinked to the CAR
backbone sequence via a P2A cleavage site (SEQ 1D NO: 24).

{06359 To construct a tandem anti-BCMA-co-anti-GPRCSD-CD8 CAR (SEQ ID NO: 72}, a CAR
backbone sequence encoding a CAR backbone polypeptide comprising from the N-terminus to the
C-terminus: a signal peptide (SEQ ID NO: 5), tandem anti-BCMA sdAb (SEQ 1D NO: 44), a CD8a
hinge domain (SEQ 1D NO: 7), a CD8o transmembrane (TM) domain (SEQ ID NO: 8), the
cytoplasmic portion of the 4-1BB (CD137} co-stinmlatory signaling domain (SEQ ID NO: 9}, and a
CD3{ primary intracellular signaling domain (SEQ 1D NO: 10}, was codon optimized and
chemically synthesized. The sequence of an inducible costimulatory molecule comprising from the
N-terminus to the C-ternunus: a signal peptide (SEQ ID NO: ), anti-GPRCSD scFv (SEQ 1D NO:
70}, a CD8a hinge domain (SEQ 1D NO: 7), a TLR4 transmembrane (TM} region (SEQ 1D NO:
123, and the cytoplasmic portion of TLR4 (SEQ ID NO: 13), was also codon optimized and
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chemically synthesized, and linked to the CAR backbone sequence via a P2A cleavage site (SEQ ID
NQ: 24).

{003668] To construct a tandem anti-BCMA-co-anti-GPRC3D-CD28 CAR (SEQ ID NO: 73), a
(AR backbone sequence encoding a CAR backbone polypeptide comprising from the N-terminus
to the C-terminus: a signal peptide (SEQ ID NO: 5), tandem anti-BCMA sdAb (SEQ ID NO: 44), a
CD8qa hinge domain (SEQ ID NO: 7), a CD8q transmembrane (TM) domain (SEQ 1D NO: 8}, the
cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain (SEQ D NO: 9), and a
CD3L primary intracellular signaling domain (SEQ ID NO: 10}, was codon optimized and
chemaically synthesized. The sequence of an inducible costimulatory molecule comprising from the
N-terminus to the C-terminus: a signal peptide (SEQ ID NOG: 3), anti-GPRC3D scFv (SEQ ID NO:
70), a CD28 hinge domain (SEQ 1D NO: 15), a TLR4 transmembrane (TM) region (SEQ 1D NO:
12), and the cytoplasmic portion of TLR4 (SEQ ID NO: 13), was also codon optimized and
chemically synthesized, and linked to the CAR backbone sequence via a P2A cleavage site (SEQ ID
NO: 243,

{80361] The CAR backbone and costimulatory molecule were cloned mto a lentivral vector (e.g., a
second generation lentiviral vector), downstream and operably linked to a constitutive hEF 1o
promoter for in vitro transcription. Transient retroviral supernatants were produced refer as
exemplified in Blood (2006) 108 (12} 3890-3897.

{80362] Seperately, a tandem anti-BCMA CAR (SEQ ID NO: 66} and a single anti-BCMA CAR
(SEQ ID NG: 67} were constructed comprising from the N-terminus to the C-terminus: a signal
peptide (SEQ ID NO: 5}, tandem anti-BUMA sdAb (SEQ ID NO: 44} or first single anti-BCMA
sdAb (SEQ ID NO: 68}, a CD8a hinge domain (SEQ ID NO: 7), a CD8a transmembrane (TM)
domain (SEQ ID NO: 8}, a 4-1BB co-stimulatory signaling domain (SEQ 12 NG: 9), and a CD3(
primary intraceliular signaling domain (SEQ ID NG 10}, were prepared as described above and
used for comparative analysis.

2.2, Construction of CAR-T cells

Viral Preparation
{00363] Lentiviruses were prepared as described in Example 1.

Activation of v&T cells
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{00364] vd T cells were prepared by addition of 5uM Zoledronate and 1000 IU/mb 1L-2 to PBM(Cs
and cultured for 14 days with periodical change of media supplemented with 1000 IU/mL IL-2.
Alternatively, v0 T cells were 1solated from PBMC or umbilical cord blood (UCB) and then
stimulated by anti~yd TCR antibody and anti-CD3 (OKT3) followed by co~incubation of K562-
based artificial antigen-presenting cells (RAPCs) at an 1.2 ratio for at least 10 days.

{00365] PBMCs were isolated by density centrifugation (lymphoprep) from leukapheresis material
and cryopreserved. PBMCs were resuscitated and activated with zoledronic acid (SpM) in cell
culture media AIM-V supplemented with IL-2 (1000 TU/ml) and 5% human AB serum and kept ina
hunudified chamber (37°C, 5% CO») . Forty-eight hours post-activation, cells were transduced with
lentiviral vectors encoding the system of this example at an MOI of 2 with 5 pg/mli polybrene. Cells
were cultured in AIM-V supplemented with [L-2 {1000 1U/ml) in a humidified chamber with
periodical change of media as determined by the pH of the culture media for further expansion.
Cells were harvested 10 days post-transduction and the total number, purity and transduction
efficiency were determined. Cells were further enriched with a negative TCRy/8" T cell isolation kit
{(Milteny1 Biotec) before future applications or cryopreserved.

Virus Transduction of T Cells

[80366] Leukocytes were collected from healthy donors by apheresis. Peripheral blood
mononuclear cells (PBMCs) were isolated using FICOLL-PAQUE™ PLUS Media, and human T
cells were purified from PMBCs using a Pan T cell 1solation kit (Miltenyi). The punified T cells
were subsequently pre-activated for 48 hours with a human T cell activation/expansion kit
{(Miltenyi). Following pre-activation, anti-CD3/CD28 MACSiBead™ particles were added at a
bead-to-cell ratio of 1:2 to expand the T cells.

{06367] The pre-activated T cells were transduced with lentivirus in the presence of 8 yg/mL
polybrene. The cells were cultured in 6-well tissue culture plates with 4<10° T cells/well, for
approximately 48 hours at 37 °C. The transduced cells were centrifuged, the supernatant was
removed, and the pelleted cells were resuspended at 0.5x10° cells/mL in fresh media supplemented
with 300 TU/ml IL-2 for culture. The cell concentration was adjusted to 0.5x10° cells/mL every 2 to
3 days.

{00368] CAR expression was detected on T cells by rabbit-anti-sdAb with the CAR cultured cells,

to detect the cell surface sdAbs.
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Example 13: In vifro cytotoxicity
{06369] This example showed the in vitro anti-tumor activity of anti-BCMA-co-anti-BCMA CAR-
T cells.

13.1 Lactate dehydrogenase (LDH) cytoxicity

{080378] For quick evaluation of anti-tumor activities of engineered T cells (e.g., anti-BCMA CAR-
voT and anti-BCMA-co-anti-BCMA CAR-yOT cells) in vitro, a lactate dehydrogenase (LDH) assay
for cytotoxicity was performed. On day 7 post-transduction, tandem anti-BCMA-co-anti-BCMA
CAR (SEQ ID NO: 61) and single anti-BCMA-co-anti-BCMA CAR (SEQ 1D NO: 62) transduced
v&T cells were harvested and co-incubated with target cells (BCMA-expressing NCI-H929 or
RPMI-8226 tumor cells) at E/T ratio (Effector: CAR-T/Target) ratio of 0.25:1, 0.125:1, 0.0625:1,
0.03125:1 and 0:1, for 20 bours, respectively. Both tandern anti-BCMA CAR (SEQ 1D NO: 66) and
single anti-BCMA CAR (SEQ 1D NO: 67) transduced y8T cells were used as a positive control,
untransduced v&T cells (“Un-y&8T7) from the same batch were used as a negative control. The assay
was performed following the manufacturer’s manual (Roche).

{60371] The in vitro cytotoxicity was calculated by the equation below ([LDH]u+1: the LDH
released from E/T co-incubation, [LDHn: the LDH released from Effector only, [LDH]max: the
LDH released from target cells treated with Triton X-100, [LDH]min: the LDH released from

UnTreated target cells):

N [LDH g — [LDHg — [LDH i ,
Cytotoxicity % = - x 100%
[LDH}'max """ U’D'H}‘min

{80372] Al tested CAR constructs effectively transduced human voT cells with CAR expression
rates between 25% and 80%. Cell growth and viability of transduced cells were not affected relative
to untransduced T cells in the same batch of experiments. As shown n FIG. 26, control tandem or
single CAR-y6T and tandem or single anti-BCMA-~co-antt-BCMA-CAR-y8T cells induced target
cell lysis in a dose dependent manner in vifro for both NCI-H929 and RPMI-8226 tumor cells
tested. Moreover, anti-BCMA-co-anti-BCMA-CAR-yST cells exhibited stronger cytotoxicity

against target cells than anti-BCMA CAR-y8T for both tandem and single designs.
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13.2 Cytokine Secretion by homogeneous Time Resolved Fluorescence (HTRE)

{06373] Another measure of effector yoT-cell activation is the production of effector cytokines
such as IFN-y, TNF-a and GM-CKF. Supernatants from the in vifro cytotoxicity assay were
collected to assess CAR-induced cytokine release, and Homogeneous Time Resolved Fluorescence
(HTRF) assays for IFN-y, TNF-a and GM-CSF (Cisbio) were performed according to the
manufacturer’s manual.

{00374] CAR-y3T cells {e.g., single/tandem anti-BCMA CAR-v8T and single/tandem anti-BCMA-
co~anti-BCMA CAR-yST cells, and untransducedydT cells) were co-cultured with NCI-H929 or
RPMI-8226 target cells. The culture supernatants were collected after 20 h to assess IFN-y, TNF-g
and GM-CSF release as a measure of vOT cell activation. As shown in FIGs. 27, single anti-BCMA-
co~anti-BCMA CAR-~yST cells and tandem anti-BCMA-co-anti-BCMA CAR-yST cells co-cultured
with target tumor cells secreted significant amounts of IFN~y [ TNF-i and GM-CSF, sumilar to that
of anti-BCMA-CAR-y6T cells for both single and tandem sdAb designs. This suggested that the
addition of anti-BCMA-co-CAR does not impact CAR-mediated anti-tumor cytotoxicity. Most
likely, the TLR4 signaling contribute to enhancing persistence of CAR~voT cells following target
engagement. To test this hypothesis, these cells were subjected to long-term co-culture assay
descibed below.

13.3 Long-term co-culture assay

,,,,,

CAR~yoT and anti-BCMA-~co-anti-GPRCSD CAR-yOT cells, long-term co-culture assays were
performed to mumic the dynamic killing process in vivo, Transduced (e.g., tandem anti-BCMA
CAR-y6T, tandem anti-BCMA-co-anti-BCMA CAR-y0T cells, single anti-BCMA -co-anti-BCMA
CAR-y8T cells, single anti-BCMA-co-anti-BCMA-CDS8 CAR-y8T cells, single anti-BCMA-co-anti-
BCMA-CD28 CAR-voT cells and tandem anti-BCMA-co-anti-GPRCSD CAR-y3T cells } or non-
transduced {e.g., Un-y8T) T cells (1x10°/well) were co-cultured with NCI-H929 target cells (4x10°
well) at an E: T ratio of 1:3 1 24-well plates, in the absence of exogenous cytokines {(e.g., 1L-2).
Part of the cells were harvested and stained for CD3 after 2 or 3 days of co-culture. CAR-y6T cells
were tdentified by CD3 and CAR signal. For serial co-culture assays, the remaining vOT cells were

then re-challenged with fresh NCT-H929 target cells at the same E: T ratio. Co-cultures were carried
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on until the tumor cells outgrew the well volume. The v&T cell proliferation rate at each time point
was calculated by dividing the number of y6T cells at the time point by the initial number of y&T
cells.
{00376] The killing efficacy of various CAR-T cells in the repeated tumor stimulation assay is
shown m FIG. 28. Tandem anti-BCMA CAR-v0T cells became exhausted after 4 rounds of tumor
stimulation {e.g., could not kill additional target tumor cells, as measured by CD3%), whereas
tandem anti-BCMA-co-anti-BCMA CAR-y4T cells, single anti-BCMA-co-anti-BCMA CAR-y6T
cells, single anti-BCMA-co-anti-BCMA-CD8 CAR-v&T cells, single anti-BCMA -co-anti-BCMA-
CD28 CAR-yOT cells,tandem anti-BCMA-co-anti-GPRCSD CAR-y8T cells and tandem anti-
BCMA-co-anti-GPRCSD-CD8 CAR-v4T cells persisted killing target tumor cells to 8 rounds of
turnor stimulation. In addition, we found that tandem anti-BCMA-co-anti-GPRCS5D CAR-voT cells
proliferated and exhibited better long-term persistence than tandem anti-BCMA CAR-y0T cells in
vitro. Moreover, tanders anti-BCMA-co-anti-GPRCSD CAR-yaT cells, tandem anti-BCMA -co-anti-
PROSD-CD8 CAR-yOT cells and simngle anti-BCMA-co-anti-BCMA-CD28 CAR-ydT cells
showed much better proliferation than tandem anti-BCMA-~co-anti-BCMA CAR-v3T cells after 8
rounds of repeated stimulation (FIG. 28).
{80377] Taken together, these results demonstrate that TLR4 signaling activation renders CAR-
T cells resistant to exhaustion and enhances their abihity to kil target tumor cells in virro, thus
addressing major barriers to progress with this class of therapeutic agents. Specifically, we
demonstrated that TLR4 signaling triggered by tandem or single anti-BCMA sdAb worked equally
well in enhancing anti-tumor cytotoxicity and persistence of CAR-y0T cells. In addition, cell
cytotoxicity and persistence and be further improved with anti-GPRCSD scFv or different hinge

designs, such as, but not limited to CD2E&.

Example 14: In vifro persistence in an allogeneic setting
{06378] This example showed the in vitro persistence of tandem anti-BCMA-co-anti-BCMA CAR-
T cells m an allogeneic setting.

14.1 Three-way mixed lymphocyte reaction (MLR) assay

{00379] To test the potential of tandem anti-BCMA-co-anti-BCMA CAR-y3T cells as an ‘off-the-

shelt” product for allogeneic cell therapeutic, we mimick the allogeneic environment in vitro by
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performing a three-way MLR assay with co-culture of CAR-y0T, HCI-HO29 tumor cells and
allogeneic PBMC (with autologous PBMC as control} in the same system. Specifically, these cells
were co-cultured at a ratio of y§T: PBMC: tumor=1:60:1 with an initial y8T cell number of 4x10°
cells per well. 3, 6 and 9 days after co-culture, the number of yOT cells were recorded to determine
there proliferation in the presence of allogeneic PBMC. On the other hand, on day 9, 3T and NK
cell numbers were recorded to determine whether these major effector cell of allogeneic nature were
stimulated by y3T cells. As shown in FI(G.29, tandem anti-BCMA-co-anti-BOMA CAR-y6T
displaved superior proliferation level compared to tandem anti-BCMA CAR-yOT cells in the
presence of allogeneic PBMCs. On the other hand, it was resoundingly clear that the proliferation of
allogeneic «ffT and NK cells in this system was much less for the tandem anti-BCMA-co-anti-
BCMA CAR-v6T cells compared to the control tandem anti-BCMA CAR-yoT cells.

{00388] Therefore, we demonstrated that tandem anti-BCMA-co-anti-BCMA CAR-y0T cells
equiped with ligand-induced TLR4 signaling was a viable candiate for an “off-the-shelf” allogenic

cell therapeutic agent as 1t displayed superior persistence even in the presence of allogeneic cells.

Example 15: fn vivo efficacy and safety

{00381] This example showed the in vivo efficacy and safety of exemplary tandem anti-BCMA
CAR-T cells and tandem anti-BCMA-co-anti-BCMA CAR-T cells in an allogeneic setting.

5.1 In vive efficacy and safety in RPMI-8226 xenograft model

{00382] Anti-tumor activity of an exemplary tandem anti-BCMA CAR-T was assessed in vive in
an RPMI-8226 xenograft model. Briefly, one million {1410% RPMI-8226 cells stably expressing
the firefly luciferase reporter were implanted subcutaneously/intravenously on day 0 in NOD/SCID
IL-2RyCrull (NSG) mice. Fourteen days after tumor moculation, mice were treated with
intravenous injection of 1x10° armored CAR- v8T or mock T cells or phosphate-buffered saline
(PBS). Tumor progression was monitored by bioluminescent imaging (BLI) once a week In
addition, T cell proliferation was monitored via FACS analysis from plasma drawn from blood.
[00383] For toxicity evaluations, chinical symptoms were observed every day, while the animals’
body weights and the fluorescence mitensities triggered by tumor-Luc cells were measured every
week. Blood (0.2 mL} was taken every week for detecting the humanized cytokine profiles (FFN-y,

TNF-gand GM-CSF) 1 mice.
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{00384] In the first experiment with low tuomor burden and a dosage of 1M CAR-y3T cells per
mice, we found that both tandem anti-BCMA CAR-v8T and tandem anti-BCMA-co-anti-BCMA
CAR-~yST cells can inhubit tumor growth. However, 1t was evident that tandem anti-BCMA-co-anti-
BCMA CAR-v8T displayed better anti-tumor acitivity than tandem anti-BCMA CAR-yoT cells as
only the mice treated with tandem anti-BCMA-co-anti-BCMA CAR-vy6T cells remained tumor-free
while the other experimental group relapsed towards the end of the experiment (FIG. 30). Moreover,
pharmakokinetcs results from the FACS analysis of mice blood indicated that the expansion of
CAR-y0T cells in the peripherial blood was much higher for the tandem anti-BCMA-co-anti-BCMA
CAR-v8T group than tandem anti-BCMA CAR-v8T group, furthur confirming the better in vivo
efficacy with tandem anti-BCMA-co-anti-BCMA CAR~v6T cells (FIG. 30).
[B0385] In another experiment with higher mitial tumor burden and a lower dosage of 0.3M CAR-
vOT cells per mice, we found tandem anti-BCMA-co-anti-GPRCSD-CDE CAR-v3T cells was still
able to eridicate mutiple myeloma tumor cells, thus establishing the feasibility of BCMA and
PROSD dual targeting and the potential usefulness of different hinge designs, such as, but not
fimited to CD38 {FIG. 30).
{00386] Further, no signmficant weight change was found between all groups tested. In addition,
IFN-y, TNF-¢ and GM-CSF levels in the peripheral blood of tandem anti-BCMA-co-anti-BCMA
CAR-y6T-treated mice were sumular to that of tandem anti-BCMA CAR-~y8T-treated mice. These
findings were comparable to the observations made 1n in vitro co-culture assays (FIG. 31A&B).
These results suggested that tandem anti-BCMA-~co-anti-BCMA CAR-y3T therapy was safe in vivo.
{06387 To summarize, we established in in vivo mutitple myeloma model that anti-BCMA CAR-
v& T cells equipped with anti-BCMA-trigeered-TLR4 signaling were safe and much more

efficacious than mere second-generation anti-BUMA CAR-y6 T.



WO 2023/020558 PCT/CN2022/113170

SEQUENCE LISTING

SEQID NO: 1. CD19-co-CD20-CAR
MALPVTALLEPLALILHAARPDIQOMTOTTSSLSASLGDRVTISCRASQDISKYLNWYQOQKP
DGTVKLLIYHTSRLHSGVPSRESGSGSGTDY SLTISNLEQEDIATYFCQOGNTLPYTFGGGTK
LEITGGGGSGOGGSGOOGSEVKLQESGPGLVAPSQSLEVTCTVSGVSLPDYGYVSWIRQPPR
KGLEWLGVIWGSETTY YNSALKSRETHKDNSKSQVFLKMNSLOTDDTAIYYCAKHYYYG
GSYAMDYWGQGTSVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFA
CDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVOTTQEEDGCSCRFPEEE
EGGCELRVKFSRSADAPAYKQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKN
POEGLYNELOQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATRKDTYDALHMGALPPR
GSGATNFSLLKQAGDVEENPGPMALPVTALLLPLALLLHAARPDIVMTOTPLSSPVTLGQP
ASISCRSSQSLVYSDGNTYLSWLQORPGOPPRLLIYKISNREFSGVPDRISGSGAGTDFTLEIS
RVEAEDVGVYYCVQATQFPLTFGGGTRVEIKGGGGSGGGGSGGGGSEVOLVOSGAEVEKK
PGESLKISCKGSGYSFISYWIGWVROMPGKGLEWMGHYPGDSDTRYSPSFOGOVTISADKS
ITTAYLOWSSLKASDTAMYYCARHPSYGSGSPNFDYWGOGTLVTVSSTTTPAPRPPTPAPTI
ASQPLSLRPEACRPAAGGAVHTRGLDFACDTHGVSVLSVLVVSVVAVLVYKFYFHLMLLA
GCIKYGRGENIYDAFVIVSSQDEDWVYVRNELVENLEEGVPPFQLCLHYRDFIPGVAIAANITH
EGFHKSRKVIVVVSQHFTIQSRWCIFEYEIAQTWOPFLASSRAGHFIVLOKVEKTLLROQOVELYR
LLSRNTYLEWEDSVLGRHIFWRRLRKALLDGKSWNPEGTVGTGCONWQEATSI

SEQIDNG: 2. CD19 BM CAR
MALPVTALLLPLALLLHAARPDIOQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQOQKP
DGTVKLLIYHTSRLHSGVPSRESGSGSGTDY SLTISNLEQEDIATYFCQQOGNTLPYTFGGGTK
LEITGGGGRGGGOGSGOGGOGSEVKLQESGPGLVAPSQSLEVTUTVSGVSLPDYGVSWIRQPPR
KGLEWLGVIWGSETTY YNSALKSRLTHKDNSKSQVFLKMNSLOTDDTAIYYCAKHYYYG
GSYAMDYWGOQGTSVTIVSSTSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDF
ACDIYIWAPLAGTCGVLLLSEVITLYCKRGRKKLLYIFRKOQPFMRPVQTTOQEEDGCSCRFPEE
EEGGCELRVEKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRK
NPQEGLYNELQKDEKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPP
R

SEQID NQO: 3. CLL1-co-CD33 CAR
MALPVTALLLPLALLELHAARPQVQLVESGGGSVQAGGALSLSCAASGYTVRIDYMGWYR
QTPGKGREPVATIASNGGTAYADSVEGRFTISQGDNAKNSVYLOMNTLKPGDTAMYYCAA
GTWPTLTYFGQGTQVTVSSIEVMYPPPYLDNEKSNGTHHVKGKHLCPSPLFPGPSKPFWVL
VVVGGVLACYSLLVTVAFIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFA
AYRSRVKFSRSADAPAYRKOQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ
EGLYNELQKDEKMAFAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDAT HMQALPPRGS
GATNFSLLEKQAGDVEENPGPMALPVTALLLPLALLLHAARPEVOLVESGGGSVQAGGSLR
LSCAASGYTYSINCMGWFROQAPGKEREGVAVISTGGGRTDYRDSVEKGRFTISQDNAKNTY
YLOMNSLKPEDTAMYYCAGKTTYPGYGUGLGRSAYNYWGQGTUVTVSSLSVSECHRTAL
VSGMCCALFLLILLTGVLCHRFHGLWYMEMMWAWLGQAKRKPREKAPSRNICYDAFVSYSE
RDAYWVENLMVYQELENFNPPFRKLCLHEKRDFIPGKWHDNIDSIEKSHKTVFVLSENFVESE

174
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WCKYELDFSHFRLFDENNDAAILILLEPIEKKAIPOQRFCKLRKIMNTKTYLEWPMDEAQREG
FWVNLRAAIKSGSGATNFSLLKQAGDVEENPGPMALPVTALLLPLALETLHAARPQVQLVES
GGGLVQAGGSLRLSCAASGNVFRFNIMGWYRQAPGNQRELVASIDDGGDRSYADSVEGRE
TISRENGKKIMYLOMNSLKPEDTAVYYCAAGLGTYLNGRVSMATNYWGQGTOVTVSSLS
CNITLLIVIIVATMLVEAVTVTSLCSYLDLEPWYLRMVCOQWTQTRRRARNIPLEELQRNLOF
HAFISYSGHDSFWVENELLPNLEKEGMOQICLHERNFVPGESIVENITTCIEKSYKSIFVLSPNF
VOSEWCHYELYFAHHNLFHEGSNSLILILL EPIPQYSIPSSYHKLKSLMARRTYELEWPKEKS
KRGLFWANLRAAINIKLTEQAKK

SEQ ID NO: 4. CLLI BMCAR
MALPVTALLEPLALIELHAARPOVOLVESGGGSVQAGGALSLSCAASGYTVRIDYMGWYR
QTPGKGREPVATIASNGGTAYADSVEGRFTISODNAKNSVYLOMNTLEKPGDTAMYYCAA
GTWPTLTYFGQGTQVTVSSIEVMYPPPYLDNEKSNGTHHVKGKHLCPSPLFPGPSKPFWVL
VVVGGVLACYSLLVTIVAFIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFA
AYRSRVKFSRSADAPAYKQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRREKNP(Q
EGLYNELQEDKMAEAYSEIGMKGERRRGKGHDGLYOQGLSTATKDTYDALHMOQALPPR

SEQ ID NGO: 5. Signal Peptide (e g., Leader Sequence)
MALPVTALLLPLALLLHAARP

SEQID NG: 6. CD19 scFv
DIOMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQOKPDGTVKLLIYHTSRLHSGVPSRF
SGSGSGTDYSLTISNLEQEDIATYFCQOQOGNTLPYTTFGGGTKLEITGGOGGSGGOGGSGGGGSEY
KLQESGPGLVAPSQSLSVTCTVSGVSLPDYGVSWIRQPPRKGLEWLGVIWGSETTYYNSAL
KSRETHEDNSKSOQVFLKMNSLOTDDTAIYYCAKHYYYGGSYAMDYWGQGTSVTVSS

SEQIDNG: 7. CD8a hinge
TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD

SEQID NO: 8. CD8a TM
IYIWAPLAGTCGVLLLSLVITLYC

SEQID NG: 9. 4-1BB (CD137) co-stimulatory signaling domain
KRGRKKLLYIFKQPFMRPVQTTQEEDGUSCRFPEEEEGGCEL

SEQ ID NQO: 10. CD3( primary intracellular signaling domain
RVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRREKNPOEGLY
NELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

SEQ ID NO: 11 CD20 scFv

DIVMTQTPLSSPVTLGQPASISCRSSOSLVY SDOGNTYLSWLQQRPGQPPRLLIYKISNRFSGVPDRFSG
SGAGTDFTLKISRVEAEDVGVYYCVQATOFPLTFGGGTRKVEIKGGGGSGGGEEIGGEESEVRLYOSG
AEVEEPGESLEKISCKGSGYSFTSYWIGWVROMPGKGLEWMGHYPGDSDTRYSPSFOGQVTISADKS
ITTAYLOWSSLEASDTAMYYCARHPSYGSGSPNFDYWGQGTLVTVSS
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SEQID NO: 12, TLR4 T™
THGVSVLSVLVVSVVAVLVY

SEQ ID NG: 13. TLR4 primary intracellular signaling domain
KFYFHLMLULAGCIKYGRGENIYDAFVIYSSQDEDWVRNELVEKNLEEGVPPFQLCLHYRDF

SEQ ID NO: 14. CLL1 sdAb
QVOLVESGGGSVQAGGALSLSCAASGYTVRIDYMGWYRQTPGKGREPVATIASNGGTAY
ADSVEGRFTISQDNAKNSVYLOMNTLKPGDTAMYYCAAGTWPTLTYRFGQGTOVTVSS

SEQ ID NG: 15, CD28a hinge
IEVMYPPPYLDNEKSNGTHHVKGKHLCPSPLFPGPSKP

SEQID NG: 16 CD28a TM
FWVLVVVGGVLACYSLLVTVAFIFWY

SEQID NG: 17. CD28 primary intracellular signaling domain
RSKRSRLLHSDYMNMTPRRPGPTREKHYQPYAPPRDFAAYRS

SEQ ID NGO: 18. CD33 C2 domain sdAb
OVOLVESGGOGLYQAGGSLRLSCAASGNVERFNIMOWYRQAPGNORELVASIDRGGRRRY
ADSVEGRFTISRENGRKEKIMYLOMNSLEPEDTAVYYCAAGLOTYLNGEVISMATNY WGOGT
QVTVES

SEQID NG: 19, TLR1I TM
LLUIVTIVATMLVLAVTVTSLO

SEQ ID NGO: 20, TLR1 primary intracellular signaling domain
SYLDLEPWYLRMVCOWTQTRRRARNIPLEELQRNLOFHAFISYSGHDSFWVENELLPNLEK
EGMQICLHERNFVPGKSIVENHTCIEKSYKSIFVLSPNFVQSEWCHYELYFAHHNLFHE
GSNSLILILLEPIPQYSIPSSYHKLKSLMARRTYLEWPKEKSKRGLFWANLRAAINIKLT
EQAKK

SEQID NO: 21, CD33 V domain sdAb
EVOLVESGGGSVOQAGGSLRLSCAASGYTYSINCMGWEFROAPGKEREGVAVISTGGGRTDY
RDSVEKGRFTISQDNAKNTVYLOMNSLKPEDTAMYYCAGKTTYPGYGUGLGRSAYNYWG
QGTOVTVSS

SEQ ID NO: 22 TLRZ TM

ALVSGMCCALFLLILLTGVLC

SEQ ID NQO: 23 TLRZ primary infracellular signaling domain
HRFHGLWYMKMMWAWLQAKRKPRKAPSRNICYDAFVSYSERDAYWVENLMVQELENF
NPP
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SEQID NO: 24, P2A
GSGATNFSLLKQAGDVEENPGP

SEQ 1D NG: 25, S hinker 1
GGGGSGGGEGSGGGGSGGGES

SEQ 1D NO: 26 GS linker 2
GGGGS

SEQ 1D NOG: 27. GS linker 3
(GSh

SEQ 1D NO: 28, GS linker 4
(GSGGSh

SEQIDNO:29.  GS linker 5
(GGGSh

SEQ ID NG: 30, TLR1
MTSIFHFAIFMLILOQIRIQLSEESEFLVDRSKNGLIHVPKDLSQRTTILNISONYISELWTSDIL
SLSKLRILHSHNRIQYLDISVFKFNQELEYLDLSHNKLVEKISCHPTVNLKHLDLSFNAFDALPL
CKEFGNMSQLEFLGLSTTHLEKSSVLPIAHLNISKVLLVLGETYGEKEDPEGLODFNTESLHI
VFPTNKEFHFILDVSVKTVANLELSNIKCVLEDNKCSYFLSILAKLOQTNPKLSNLTLNNIETT
WNSFIRILOLVWHTTVWYFSISNVKLQGQLDFRDFDYSGTSLKALSIHOVVSDVEGEFPQSYI
YEIFSNMNIKNEFTVSGTRMVHMLCPSKISPFLHLDIFSNNLLTDTVEFENCGHLTELETLILOM
NOLKELSKIAEMTTOQMKSLOQOQLDISONSVSYDEKKGDCSWTKSLLSLNMSSNILTDTIFRCL
PPRIKVLDLHSNKIKSIPKOVVKLEALQELNVANSLTDLPGUGSFSSLSVLIIDHNSVSHPS A
DFFQSCQEMRSIKAGDNPFQCTCELGEFVENIDQVSSEVLEGWPDSYKCDYPESYRGTLLK
DFHMSELSCNITLLIVTIVATMLVLAVTVTISLCSYLDLPWYLRMVCOWTOTRRRARNIPLE
ELQRNLOFHAFISYSGHDSFWVEKNELLPNLEKEGMQICLHERNFVPGKSIVENHTCIEKS YK
SIFVLSPNFVQSEWCHYELYFAHHNLFHEGSNSLILILLEPIPQYSIPSSYHKLKSLMARRTYL
EWPKEKSKRGLFWANLRAAINIKETEQAKK

SEQ ID NQO: 31, TLRZ
MPHTLWMVWVLGVHSLSKEESSNQASLSCDRNGICKGSSGSLNSIPSGLTEAVKSEDLSNN
RITYISNSDLORCVNLQALVLTSNGINTIEEDSFSSLGSLEHLDLSYNYELSNESSSWEFKPLSSL
TFLNLLGNPYKTLGETSLFSHLTREQILRVGNMDTFTKIQRKDFAGLTFLEELEIDASDLQSY
EPKSLKSIQONVSHLILHMKCGHILLLEIFVDVTSSVECLELRDTDLDTFHEFSELSTGETNSLIKK
FTFRNVKITDESLFQYVMEKLENQISGLLELEFDDCTINGVOGNFRASDNDRVIDPGKVETLTIR
RIHIPRFYLFYDLSTLYSLTERVEKRITVENSKVFLVPCLLSQHLKSLEYLDLSENLMVEEYLK
NSACEDAWPSLQTLILRONHLASLEKTGETLLTLEKNLTNIBISKNSFHSMPETCOWPEKMEK
YENLSSTRIHSVTGCIPKTLEILDVSNNNLNLFSENLPOQLKEL YISRNKIMTLPDASLLPMLL
VLKISRNAITTFSKEQLDSFHTLKTLEAGGNNFICSCEFLSFTQEQOQALAKVLIDWPANYLCD
SPSHVRGOQQVODVRLSVSECHRTALVSGMCCALFLLILETGVLCHRFHGLWYMEKMMWA
WLOQAKREPRKAPSRNICYDAFVSYSERDAYWVENLMVOELENINPPFKLCLHKRDFIPGK
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WHDNIDSIEKSHKTVFVLSENFVKSEWCKYELDFSHFRLFDENNDAAILI LEPIEKKAIPQR
FCKLRKIMNTKTYLEWPMDEAQREGFWVNLRAAIKS

SEQ ID NO: 32 TLR3
MROTLPCIYFWGGLLPFGMLCASSTTRKCTVSHEVADCSHLUKLTOVPRDLPTNITVENLTHN
QLRRLPAANFTRYSQLTSLDVGENTISKLEPELCQKL PMLKVLNLOGHNELSQLSDKTFAFCT
NLTELHI MSNSIQKIKNNPFVKOENLITLDLSHNGLSSTKLGTOVOQLENLQELLESNNKIQA
LEKSEELDIFANSSLKKLEL SSNQIKEFSPGCFHAIGRLFGLFLNNVOQLGPSLTEKLCLELANTS
IRNLSLSNSQLSTTSNTTFLGLKWTINLTMELDLSYNNLNVVGNDSFAWLPQLEYFFLEYNNI
QHLFSHSLHGLFNVRYLNLERSFTKQSISLASLPKIDDFSFOWLKCLEHE NMEDNDIPGIKSN
METGLINLKYLSLSNSFTSLRTLTNETFVSLAHSPL HILNLTEKNKISKIESDAFSWLGHLEVLD
LGLNEIGQELTGQEWRGLENIFEIYESYNKYLQLTRNSFALVPSLORLMIRRVALKNVYDSSP
SPFQPLRNLUTILDLSNNNIANINDDMLEGLEKLEILDLQHNNLARLWKHANPGGPIYFLKGL
SHEBIENLESNGFDEIPVEVFEDLFELKIIDLGLNNENTLPASVENNQVSLKSLNLOKNLITSV
EKKVFGPAFRNLTELDMRENPFDCTCESIAWEFVNWINETHTNIPELSSHYLONTPPHYHGEFP
VRLFDTSSCEKDSAPFELFIMINTSILLIFIFIVELIHFEGWRISFYWNVSVHRVLGFKEIDRQTE
QFEYAAYIHAYKDKDWVWEHFSSMEKEDQSLKFCLEERDFEAGVFELEAIVNSIKRSRKIL
FVITHHLLKDPLCKRFEVHHAVOQAIEQNLDSHLVFLEEIPDYKLNHALCLRRGMFKSHCIL
NWPVQRERIGAFRHKLOVALGSKNSVH

SEQ ID NGO: 33 TLR4
MMSASRLAGTLIPAMAFLSCVRPESWEPCVEVVPNITYQCMELNFYKIPDNLPFSTKNLDLS
FNPLRHLGSYSFFSIFPELQVLDLSRCEIQTIEDGAYQSLSHLSTLILTGNPIQSLALGATFSGLSS
LOKLYVAVETNLASLENFPIGHLKTLKELNVAHNLIQSFKLPEYFSNLTNLEHLDLSSNKIQSI
YCTDLRVLHOMPLLNLSLDLSLNPMNFIQPGAFKEIRLHKLTLRNNFDSLNVMETCIQGLA
GLEVHRLVLGEFRNEGNLEKFDESALEGLONLTIEEFRLAYLDYYLDDIDLENCLTNVSSEFS
LVSVTIERVKDFSYNFGWOHLELYVNCEFGQFPTLKLESLKRLTFTSNKGGNAFSEVDLPSLE
FLDLSRNGLSFKGCCSQSDFGTTSLKYLDLSINGVITMSSNFLGLEQLEHLDFQHSNLKQMS
EFSVFLSLRNLIVLDISHTHTRVAFNGIFNGLSSLEVLEMAGNSFQENFLPDIFTELRNLTFLD
LSQCQLEQLSPTAFNSLSSLOVLNMSHNNFFSLDTFPYKCLNSLOVLDYSENHIMTSKKQEL
QHFPSSLAFENLTONDFACTCEHQSFLOWIKDQROLELVEVERMECATPSDKOQGMPVLSLNI
TCOMNEKTHGVSVLSVLVVSVVAVLVYKFYFHLMELLAGUIKYGRGENIYDAFVIYSSQDED
WVRNELVKNLEEGVPPFOLCLHYRDFIPGVAIAANIHEGFHKSRKVIVVVSQHFIQSRWCIF
EYFIAQTWOFLSSRAGHFIVLOKVERKTLLROOQVELYRLLSRNTYLEWEDSVELGRHIFWRRL
RKALLDGKSWNPEGTVGTGUNWQEATSI

SEQ ID NQO: 34, TERS
MGDHLDLLLGVVLMAGPVEFGIPSCSFDGRIAFYRFCNLTOVPOVLINTTERLLLSFNYIRTVT
ASSFPFLEQLOQLLELGSQYTPLTIDKEAFRNLPNLRILDLGSSKIYFLHPDAFQGLFHLFELRL
YFCGLSDAVLEKDGYPFRNLKALTRLDESKNQIRSLYLHPSFGKLNSLKSIDFSSNOQIFLVCEHE
LEPLQGKTLSFFSLAANSLYSRVSVDWGKCMNPFRNMVLEILDVSGNGWTVDITGNFSNAL
SKSQAFSLIL AHHIMGAGFGFHNIKDPDONTFAGLARSSVRHLDLUSHGEFVFSLNSRVFETLK
DLEVENLAYNKINKIADEAFYGLDNLOVLNLSYNLLGELYSSNFYGLPKVAYIDLQKNHIA
HODOQTFKFLEKLQTLDLRDNALTTIHFIPSIPDIFLSGNKLVTLPKINL TANLIHLSENRLENL
DIEYFLLRVPHLOILILNONRFESSCSGDQTPSENPSLEQLFLGENMLOQLAWETELCWDVEEG
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LSHLQVLYLNHNYLNSLPPGVEFSHLTALRGLSLNSNRETVLSHNDLPANLEIEDISRNQGLLA

PNPDVEVSLSVLDITHNKFICECELSTFINWENHTNVTIAGPPADIYCVYPDSFSGVSLESLEST
EGCDEEEVLKSLKFSLFIVCTVTLTLFLMTILTVTRFRGFCFICYKTAQRLVFKDHPQGTEPD
MYKYDAYLCFSSKDFTWVONALLKHLDTOQYSDOQNRFNLCFEERDFVPGENRIANIQDATW
NSRKIVCLVSRHFLRDGWCLEAFSYAQGRCLSDLNSALIMYVVGSLSQYQLMKHQSIRGEV
QKOQQYLRWPEDFQDVOWELHKLSCQQILKKERKEKKKDNNIPLOTVATIS

SEQ ID NO: 35, TLRG
MTKDKEPIVKSFHFVCLMIRVGTRIQFSDGNEFAVDKSKRGLIHVPKDLPLK TKVLDMSQN
YIAELQVSDMSFLSELTVLRUSHNRIQLLDLSVFKEFNQDLEYLDLSHNQLQKISCHPIVSEFRH
LOLSFNDFKALPICKEFGNLSQLNFLGLSAMKLQKLDLLPIAHLUHESYHLIDE RNYYIKENET
ESLOILNAKTLHEVFHPTSLFAIQVNISVNTLGCLOL TNIKLNDDNCOQVFIKFLSELTRGSTLL
NFTLNHIETTWKCLVRVEFQFLWPKPVEYLNIYNLTHESIREEDFTY SKTTLKALTIERITNQY
FLEFSQTALYTVFSEMNIMMLTISDTPFIHMLCPHAPSTFKFLNFTONVFTDSIFEKCSTLVKLE
TLILQKNGLEKDLFEKVGLMTEKDMPSLEILDVSWNSLESGREHKENCTWVESIVVLNLSSNMLT
DSVFRCLPPRIKVLDLHSNKIKSVPKQVVELEALQELNVAFNSLTDLPGCGSFSSLSVLEDH
NSVSHPSADFFQSCOKMRSIKAGDNPFQCTCELREFVENIDOVSSEVLEGWPDSYKCDYPE
SYRGSPLKDFHMSELSCNITLLIVIIGATMELVLAVTIVTSLCIYLDEPWYLRMYVCOQWTQTRR
RARNIPLEELOQRNLOFHAFISYSEHDSAWVKSELVPYLEKEDIQICLHERNFVPGKSIVENIIN
CIEKSYKSIFVLSPNFVQSEWCHYELYFAHHNLFHEGSNNLILILLEPIPONSIPNKYHKLKAL
MTORTYLOWPKEKSKRGLFWANIRAAFNMEKLTLVTENNDVKS

SEQ ID NGO: 36, TLR7
MVFPMWTLKROILILFNILISKLLGARWIPKTLPCDVTLDVPKNBVIVDCTDEHLTEIPGGI
PTINTINLTLTINHIPDISPASFHRLDHLVEIDFRONCVPIPLGSENNMUCIKRLQIKPRSFSGLTY
LKSLYLDGNQLLEIPOQGLPPSLOLLSLEANNIFSIRKENLTELANIEILYLGONCYYRNPCYVS
YSIERDAFLNLTKLKVLSLEKDNNVTAVPTVLPSTLTELYLYNNMIAKIQEDDIFNNLNGLQIL
DLSGNCPRCYNAPFPCAPCKNNSPLOIPVNAFDALTELKVLRLHSNSLOHVPPRWEFKNINKL
QELDLSONFLAKEIGDAKFLHFLPSLIQLDLSEFNFELOQVYRASMNLSQAFSSLKSLEKILRIRG
YVFKELKSFNLSPLHNLONLEVLDLGTNFIKIANLSMEFKQFRRLKVIDLSVNKISPSGDSSEY
GFCSNARTSVESYEPQVLEQLHYFRYDKYARSCRFKNKEASFMSVNESCYRYGQTLDLSK
NSIFFVEKSSDFQHLSFLKCINLSGNLISQTENGSEFQPLAEL RYLDFSNNRLDLLHSTAFEEL
HKLEVLDISSNSHYFOQSEGITHMENFTEKNLKVLOKLMMNDNDISSSTSRTMESESERTLEFR
OGNHLDVLWREGDNRYLOQLFKNLLKLEELDISKNSLSFEPSGVFDGMPPNLKNLSLAKNGLK
SFSWEKKLQCLENLETEDLSHNQLTTVPERLSNCSRSLENLILKNNQIRSLTKYFLODAFQLR
YEDLSSNKIQMIQKTSFPENVLNNLKMLLLHHNRFLCTCDAVWEVWWVNHTEVTIPYLAT
DVTCVGPGAHKGQOSVISLDLY TCELDLTNLILFSESISVSLFLMYVMMTASHLYFWDVWYLY
HFCKAKIKGYQRLISPDCCYDAFIVYDTKDPAVIEWVLAELVAKLEDPREKHFNLCLEERD
WLPGOPVLENLSQSIQLSKKTVEFVMTDKY AKTENFKIAFYLSHORLMDEKVDVHLIFLEKP
FOKSKFLOLRKRLCGSSVLEWPTNPQAHPYFWOQULENALATDNHVAYSQVFKETV

SEQ ID NO: 37, TLRE
VGKYVTELDLSDNFITHITNESFQGLONLTKINENHNPNVQHOQNGNPGIQSNGLNITDGAFL
NLENLRELLLEDNGQLPOIPSGLPESLTELSLIQNNIYNITKEGISRUINLKNLYLAWNCYFNK
VCEKTNIEDGVFETLTNLELLSLSFNSLSHVPPKLPSSLRKLFLSNTOQIKYISEEDFKGLINLTL
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LDLSGNCPRCEFNAPFPCYVPCDGGASINIDRFAFQNLTQLRYLNLSSTSLRKINAAWEFKNMPH
LEKVLDLEFNYLVGEIASGAFLTMLPRLEIL DESFNYIKGSYPOHINISRNFSKLESLRALHLRG
YVFQELREDDFQPLMQLPNLSTINLGINFIKQIDFKLFONFSNLEHYLSENRISPLVKDTRQSY
ANSSSFQRHIRKRRSTDFEFDPHSNFYHFTRPLIKPOCAAYGKALDLSENSIFFIGPNQFENLP
DIACENLSANSNAQVLSGTEFSAIPHVKYLDLTNNRLDFDNASALUTELSDLEVEDESYNSHY
FRIAGVTHHLEFIONFTNLKVLNLSHNNIYTUTDKYNLESKSLVELVESGNRLDILWNDDDN
RYISIFKGLENLTRLDLSENREKHIPNEAFLNLPASLTELHINDNMEKFFNWTLLQQGFPRLEL

LOLRGNKLEFLTDSLSDFTSSERTLLLSHNRISHEPSGFLSEVSSLKHLDLSSNLLKTINKSAL

ETKTTTKLSMLELHGNPFECTCDIGDFRRWMDEHINVKIPRLYVDVICASPGDORGKSIVSLE
LTTCVSDVTAVILFFFTFFITIMVMLAAL AHHL FYWDVWEFIYNVCLAKVKGYRSLSTSQTEF

YDAYISYDTKDASVIDWVINELRYHUEESRDKNVLLCLEERDWDPGLAIDNLMQSINGSK

KIVEFVLTEKKYAKSWNFKTAFYLALQREMDENMDVHFILLEPVLOQHSQYLRLRQRICKSSIL

QWPDNPKAEGLFWQTLRNVVLTENDSRYNNMYVDSIKQY

SEQ ID NG: 38 TLR9
MGFCRSALHPLSLLVOAIMLAMTLALGTLPAFLPCELQPHGLVNCNWLFLKSVPHFSMAAP
RGNVTSLSLSSNRIHHLHDSDFAHLPSLRHLNLKWNCPPVGLSPMHFPCHMTIEPSTFLAVP
TLEELNLSYNNIMTVPALPKSLISLSLSHTNILMLDSASLAGLHALRFLFMDGNCYYKNPCR
QALEVAPGALLGLGNLTHLUSLKYNNLTVVPRNLPSSLEYLLLSYNRIVKLAPEDLANLTAL
RVLDVGGNCRRCDHAPNPCMECPRHIPOQLHPDTFSHLSRLEGLVLKDSSLSWLNASWERG
LGNLRVLDLSENFLYRKCITRTRKAFQGLTQLREKINLSFNYQRRVSFAHLSLAPSFGSLVALKE
LDMHGIFFRSLDETTLRPLARLPMLOQTLRLOMNFINQAQLGIFRAFPGLRYVDLSDNRISGA
SELTATMGEADGGERKVWLOPGDLAPAPVDTPSSEDFRPNCSTLNFTLDLSRNNLVTVQPE
MFAQLSHLOCLRLSHNCISQAVNGSQFLPLTGLOVLDLSHNKLDLYHEHSFTELPRLEALD
LAYNSQPFGMOQGVGHENFSFVAHLRTLRHLSLAHNNIHSQVSQQLOCSTSLRALDFSGNALGH
MWAEGDLYLHFFQGLSGLIWLDLSQNRLHTLLPOQTLRNLPKSLOQVLRLRDNYLAFFEWWS
LHFLPKLEVLDLAGNQLKALTNGSLPAGTRLRRLDVSCNSISFVAPGFFSKARKELRELNLSA
NALKTVDHSWEFGPLASALQILDVSANPLHCACGAAFMDFLLEVOAAVPGLPSRVKCGSPG
QLOGLSIFAQDLRLCLDEALSWDCFALSLLAVALGLGYVPMLHHLCGWDLWYCFHLCLAW
LPWRGROSGRDEDALPYBDAFVVEFDKTQSAVADWVYNELRGQLEECRGRWALRLCLEERD
WLPGKTLFENLWASVYGSRKTLFVLAHTDRVSGLERASFILAQORLLEDRKDVVVLVILSPE
DGRRSRYVRLROQRECROSVLLWPHOPSGQRSFWAQLGMALTRDNHHFYNRNFCQGPTAE

SEQ ID NO: 39, TLR10
MRLIRNIYIFCSIVMTAEGDAPELPEERELMTNCSNMSLRKVPADLTPATTTLDLS YNLLFQ
LOSSDFHS VSKLRVLILCHNRIQOLDLK TFEFNKELRYLDLSNNRLKSVTWYLLAGLRYLD
LSFNDFDTMPICEEAGNMSHLEILGLSGAKIQKSDPQKIAHLHLNTVFLGERTLPHYEEGSLP
ILNTTKLHIVLPMDTNFWYLLRDGIK TSKILEMTNIDGKSOFVSYEMORNLSLENAKTSVLL
LNKVDLLWDDLFLILQFVWHTS VEHFQIRNVTFGGKAYLDHNSFDYSNTVMRTIKLEHVH
FRVFYIQQDKIYLLLTKMDIENLTISNAQMPHMLEFPNYPTKFQYLNFANNILTDELFKRTIQL
PHLK TLILNGNKLETLSLVSCFANNTPLEHLDLSQNLLOHENDENCSWPETVVNMNLS YNK
LSDSVFRCLPKSIQILDLNNNQIOTYPKETIHLMALRELNIAFNFLTDLPGCSHFSRLSVLNIE
MNFILSPSLDFVQSCQEVK TLNAGRNPFRCTCELKNFIQLETYSEVMMVGWSDSYTCEYPL
NLRGTRLKDVHLHELSCNTALLIVTIVVIMLYVLGLAVAFCCLHFDLPWYLRMLGQCTQTW
HRVRETTQEQLERNVRFHAFISYSEHDSLWVKNELIPNLEKEDGSILICLYES YFDPGKSISE
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NIVSFIEKSYKSIFVLSPNFVONEWCHYEFYFAHENLFHENSDHIBILLEPIPFYCIPTRYHKL
KALLEKKAYLEWPKDRRKCGLFWANLRAAINVNVLATREMYELQTFTELNEESRGSTISL
MRTDCL

SEQ ID NO: 40. Exemplary TLR polypeptide 1 {(TLR4}

THGVSVLSVEVYSVVAVLVYKFYFHLMLLAGCIKYGRGENIYDAFVIYSSQDEDWVRNEL
VENLEEGVPPFQLCLHYRDFIPGVAIAANHHEGFHKSREKVIVVVSQHFIQSRWCIFEYEIAQT
WOFLSSRAGHFIVLOGKVEKTLLROQQVELYRLLSRNTYLEWEDSVLGRHIFWRRLRKALLD
GEKSWNPEGTVGTGUNWQEATSI

SEQ ID NO: 41 Exemplary TLR polypeptide 2 (TLR2}
LSVSECHRTALVSGMCCALFLLILLTGVLCHRFHGLW YMKMMWAWLOAKRKPREKAPSR
NICYDAFVSYSERDAYWVENLMYQELENFNPPFKLCLHKRDFIPGEKWHDNIIDSIEKSHKTY
FVLSENFVKSEWCKYELDFSHFRLFDENNDAAILILLEPIEKKAIPORFCKLRKIMNTKTYLE
WPMDEAQREGFWVNLRAAIKS

SEQ ID NG: 42. Exemplary TLR polypeptide 3 (TLR1)
LSCNITELIVTIIVATMLVLAVTIVTSLCSYLDLPWYLRMVYVCQWTQTRRRARNIPLEELQRNL
QFHAFISYSGHDSFWVKNELLPNLEKEGMQICLHERNFVPGESIVENIITCIEKSYKSIFVLSP
NEVOSEWCHYELYFAHHNLFHEGSNSLILILLEPIPQYSIPSSYHKLKSEMARRTYLEWPKE
KSKRGLFWANLRAAINIKLTEQGARKK

SEQ ID NGO: 43, CLL1/CD33 dual CAR
MALPVTALLLPLALLLHAARPOVOQLVESGGGSVQAGGALSLSCAASGYTVRIDYMGWYR
QTPGKGREPVATIASNGGTAYADSVEGRETISQDNAKNSVYLOMNTLKPGDTAMYYCAA
GTWPTLTYFGOQGTOVTVSSGGGGSEVOLVESGGGSVQAGGSLRLSCAASGYTYSINCMGW
FROAPGKEREGVAVISTGGGRTDYRDSVEGREFTISQDNAKNTVYLOMNSLKPEDTAMYYC
AGKTTYPGYGCGLGRSAYNYWGRQGTOVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPA
AGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSIVITLYCKRGREKKLLYIFKQPFMRPVQTT
QEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRRG
RDPEMGGKPRRKNPQEGLYNELOKDEKMAFAYSEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMOALPPR

SEQ 1D NO: 44, Tandem anti-BCMA sdAb
AVQLVESGGGLVOQAGDSLRLTCTASGRAFSTYFMAWFROAPGKEREFVAGIAWSGGSTAY
ADSVKGRFTISRDNAKNTVYLOMNSLKSEDTAVYYCASRGIEVEEFGAWGOGTOVTVESG
GGGSQVOLEESGGGSVOQAGGSLRLSCAYTYSTYSNY YMGWEFREAPGKARTSVAIISSDTTI
TYKDAVKGRFTISKDNAKNTLYLOMNSLEKPEDSAMYRCAAWTSDWSVAYWGQGTOVTV
)

SEQ ID NO: 45 GM-CSF signal peptide
MWLGSLLLLGTVACSIS

SEQ ID NO: 46, IL-~15 signal peptide
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MRISKPHLRSISIQCYLCLLLNSHFLTEA

SEQIDNO: 47. FLAG tag
DYKDDDDK

SEQID NO: 48,  HAtag
YPYDVPDYA

SEQ ID NO: 49 c-Myc tag
EQKLISEEDL

SEQ ID NO: 50. CD28 4-1BB mtracellular signaling domain
RSKERSRLLHSDYMNMTPRRPGPTREHYQPYAPPRDFAAYRSKRGRKKLLYIFKQPFMRPV
QTTOEEDGCSCRFPEEEEGGCEL

SEQ ID NG: 51, NEKG2ZD 81-216
SLFNQEVQIPLTESYCGPCPENWICYRKNNCYOQFFDESKNWYESQASCMSOQNASLLEVYSKE
DODLLKLVESYHWMGLVHIPTNGSWOWEDGSILSPNLLTHEMOQRKGDCALYASSFEGYIEN
CSTPNTYICMORTV

SEQ ID NO: 52. NKG2D 89-216
IPLTESYCGPCPENWICYKNNCYQFFDESKNWYESQASCMSONASLLKVYSKEDODLLKL
VESYHWMGLVHIPTNGSWOQWEDGSILSPNLLTHEMQKGDCALYASSFKGYIENCSTPNTYI
CMORTV

SEQ ID NGO: 53, NKG2D 98-216
PCPKNWICYKNNCYQFFDESKNWYESQASCMSONASLLKVYSKEDQDLLKLVKSYHWM
GLVHIPTNGSWOQWEDGSILSPNLLTHEMORKGDCALYASSFRGYIENCSTPNTYICMOQRTV

SEQ ID NQO: 54. NEKG2D 1-216
MGWIRGRRSRHSWEMSEFHNYNLDLEKSDFSTRWQKQRCPYVKSKCRENASPFFFCCFIA
VAMGIRFIMYVAIWSAVFLNSLFNQEVQIPLTESYCGPCPKNWICYKNNCYQFFDESKNWY
ESQASCMSONASLLKVYSKEDODLLKELVKSYHWMGLVHIPTNGSWOWEDGSILSPNLLTH
EMOKGDCALYASSFKGYIENCSTPNTYICMOQRTV

SEQ ID NQO: 55, GPC3 scFv
DVVMTQSPLSLPVTPGEPASISCRSSQSLVHSNANTYLHWYLQKPGQSPOLLIYKVSNRFSG
VPDRFSGSGSGTDFTLEKISRVEAEDVGVYYCUSQNTHVPPTFGOGTRLEIKRGGGGSGGGGS
GGOGSQVOLVOSGAEVEKPGASVKVSCKASGYTFTDYEMHWVRQAPGQGLEWMGALDP
KTGDTAYSQKFKGRVTLTADESTSTAYMELSSLRSEDTAVYYCTRFYSYTYWGQGTLVTY
S8

SEQ ID NO: 50, Anti-GPC3 4-1BB CAR
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MALPVTALLLPEALLLHAARPDYKDDDDKDVVMTQSPLSLPVTPGEPASISCRSSQSLVHS
NANTYLHWYLQKPGOSPOLLIYRKVSNREFSGVPDRESGSGSGTDFTLKISRVEAEDVGVYYC
SQNTHVPPTFGQGTKLEIKRGGGOGSGGGHSGHGOSQVOLVOSGAEVKKPGASVEKVSCRAS

Y TFTDYEMHWVROQAPGOQGLEWMGALDPKTGDTAYSQKFRKGRVTLTADESTSTAYMEL
SSLRSEDTAVYYCTRFYSYTYWGQGTLVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAA

SGAVHTRGLDFACDIVIWAPLAGTCGVLELLSLVITLYCKRGREKLLYIFKQPFMRPYVQTTQ
EEDGCSCRFPEEEEGGCELRVEFSRSADAPAYRKQGONQLYNELNLGRREEYDVLDKRRGR
DPEMGGKPRRKNPQEGLYNELOQKDKMAEAYSEIGMEGERRRGEKGHDGLYQGLSTATKDT
YDALHMQALPPR

SEQ ID NQO: 57. Anti-GPC3 4-1BB CAR armored with NKG2D TLR4 chimeric receptor
MALPVTALLLPLALLLHAARPDYKDDDDKDVYVMTQOSPLSLPVTPGEPASISCRSSQSLVHS
NANTYLHWYLOQKPGQSPOQLLIYKVSNRFSGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYC
SONTHVPPTFGOQGTKLEIKRGGGGSGGGGSGGGGSOVOLVQSGAEVKKPGASVEVSCKAS
GYTFTDYEMHWVRQAPGOGLEWMGALDPKTGDTAYSQKFKGRVTLTADESTSTAYMEL
SSLRSEDTAVYYCTRFYSYTYWGOGTLVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAA
GGAVHTRGLDFACDIVIWAPLAGTCGVLLLSLVITLYCKRGREKLLYIFKQPFMRPVOTTQ
EEDGCSCRFPEEEEGGCELRVEFSRSADAPAYKQGONQLYNELNLGRREEYDVLDKRRGR
DPEMGGKPRRKNPQEGLYNELQKDEKMAFAYSEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPRGSGATNFSLLKQAGDVEENPGPMALPVTALLLPLALLLHAARPSLFNQ
EVQIPLTESYCGPCPRKNWICYRNNCYQFFDESKNWYESQASCMSONASLLKVYSKEDQDL
LEKLVKSYHWMGLVHIPTNGSWOWEDGSILSPNLLTHEMOKGDCALY ASSFKGYIENCSTP
NTYICMOQRTVTHGVSVLSVLVVSVVAVLVYKFYFHLMLLAGCIKYGRGENIYDAFVIYSSQ
DEDWVRNELVENLEEGVPPFOLCLHYRDFIPGVAIAANHHEGFHKSREVIVVVSQHFIQSR
WCIFEYEIAQTWOFLSSRAGHFIVLOKVERTLLROOVELYRLLSRNTYLEWEDSVLGRHIF
WRRLRKALLDGKSWNPEGTVGTGONW(QEATSI

SEQ ID NO: 58 Anti-GPC3 4-1BB CAR armored with NKG2ZD CD8 TLR4 chimeric receptor
MALPVTALLLPLEALLLHAARPDYKDDDDKDVVMTQSPLSLPVTPGEPASISCRSSGSLVHS
NANTYLHWYLQKPGOSPOLLIYKVSNRFSGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYC
SONTHVPPTFGQGTKLEIKRGGGGSGGGGSGGGGSQVOLVOSGAEVKKPGASVKVSCKAS
GYTFTDYEMHWVROAPGQGLEWMGALDPKTGDTAYSQKFKGRVTLTADESTSTAYMEL
SSERSEDTAVYYCTRFYSYTYWGQGTLVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAA
GGAVHTRGLDFACDIYIWAPLAGTCGVELLSEVITLYCKRGREKKLLYIFKQPFMRPYVQTTQ
EEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGONQLYNELNLGRREEYDVLDKRRGR
DPEMGGKPRRENPOQEGLYNELQKDKMAEBEAYSEIGMKGERRRGKGHDGLYQGLSTATKDT
YDAULHMOATLPPRGSGATNFSLLKQAGDVEENPGPMALPVTALLLPEALLELHAARPSLENG
EVQIPLTESYCGPCPRKNWICYKNNCYQFFDESKNWYESQASCMSONASLEKVYSKEDQDL
LEKLVEKSYHWMGLVHIPTNGSWOWEDGSILSPNLLUTHEMOKGDCALYASSFKGYTENCSTP
NTYICMORTVTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDTIIGVSVL
SVEVVSYVVAVLVYRKFYFHLMLLAGCIKYGRGENIYDAFVIYSSQDEDWVRNELVKNLEEG
VPPFOLCLHYRDFIPGVAIAANIHEGFHKSRKVIVVVSQHFIQSRWCIFEYEIAQTWQFLSSR
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AGHFIVLGKVEKTLLROQOQVELYRLLSRNTYLEWEDSVLGRHIFWRRLRKALLDGKSWNPE
GIVGTGONWQEATSE

SEQ 1D NG: 59 Anti-CD19 4-1BB CAR armored with NKG2ZD TLR4 chimeric receptor
MALPVTALLLPLALLLHAARPDIQMTOTTSSLSASLGDRVTISCRASODISKYLNWYQQKYP
DGTVKLLIYHTSRLHSGVYPSRFSGSGSGTDYSLTISNLEQEDIATYFCQOGNTLPYTFGGGTK
LEITGGGGSGGGGSGGGGSEVKLQESGPGLVAPSQSLSVTCTVSGVSLPDYGYSWIRQPPR
KGLEWLGVIWGSETTYYNSALKSRLTHKDNSKSQVFLKMNSLGTDDTAIYYCAKHYYYG
GSYAMDYWGOQGTSVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFA
CDIYIWAPLAGTCGVLLLSLVITLYCKRGRKEKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEE
EGGCELRVKFSRSADAPAYKQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKN
POEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMGALPPR
GSGATNFSLLKQAGDVEENPGPMALPVTALLLPLALLLHAARPSLFNQEVQIPLTESYCGPC
PENWICYRENNCYQFFDESKNWYESQASCMSONASLLEVYSKEDGDLLKLVKSYHWMGL
VHIPTNGSWOWEDGSILSPNLLTHEMOKGDCALYASSFREGYIENCSTPNTYICMQRTVTHG
VSVLSVLVVSVVAVLVYKFYFHLMLLAGCIKYGRGENIYDAFVIYSSODEDWVRNELVKN
LEEGVPPFQLCLHYRDFIPGVAIAANIHEGFHKSREVIVVVSQHFIQSRWCIFEYEIAQTW(
FLSSRAGHFIVLOKVEKTLLROQOVELYRLLSENTYLEWEDSVLGRHIFWRRLREKALLDGKS
WNPEGTVGTGCNWQEATSI

SEQ ID NGO: 0. Anti-CD19 4-1BB CAR armored with NKG2D CD8 TLR4 chimertic receptor
MALPVTALLLPLALLLHAARPDIOQMTOTTSSLSASLGDRVTISCRASQDISKYLNWYQQKP
DGTVKLLIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQOQGNTLPYTFGGGTK
LEITGGGGSGGGGSGGGGSEVKLQESGPGLVAPSQSLSVTCTVSGVSLPDYGVSWIR(PPR
KGLEWLGVIWGSETTYYNSALKSRLTHKDNSKSOQOVFLKMNSLOTDDTAIYYCAKHYYYG
GSYAMDYWGQOGTSVIVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFA
CDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGUSCRFPEEE
EGGCELRVEFSRSADAPAYRQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKN
PQEGLYNELGKDKMAEAYSEIGMKGERRRGRGHDGLYQGLSTATKDTYDALHMQALPPR
GSGATNFSLLKOQAGDVEENPGPMALPVTALLEPLALLLHAARPSLFNQEVQIPLTESYCGPC
PENWICYRNNCYQFFDESKNWYESQASCMSONASLLKVYSKEDODLLKLVEKSYHWMGL
VHIPINGSWOQWEDGSILSPNLLTHEMQOQKGDCALYASSFRKGYIENCSTPNTYICMOQRTVTTIP
APRPPTPAPTIASGPLSLRPEACRPAAGGAVHTRGLDFACDTHGVSVLSVEVVSVVAVLYVY
KFYFHLMLLAGUCIKYGRGENIYDAFVIYSSQDEDWVYVRNELVENLEEGVPPFQLCLHYRDFI
PGVAIAANHHEGFHKSRKVIVVVSQHFIQSRWCIFEYFIAQTWOQFLSSRAGIHFIVLGKVEKT

LLROQOQVELYRLLSRNTYLEWEDSYVLGRHIFWRRLRKALLDGKSWNPEGTVGTGUCNWQEA
151
SEQ ID NO: 61, Tandem anti-BCMA-co-anti-BCMA CAR

MALPVTALLLPLALLEHAARPAVQLVESGGGLVQAGDSLRUTCTASGRAFSTYFMAWEFR(
APGKEREFVAGIAWSGGSTAYADSVEGRETISRDNAKNTVYLOMNSLEKSEDTAVYYCASR
GIEVEEFGAWGQGTQVTYSSGGOGSOVOLEESGGGSVQAGGSLRLSCAYTYSTYSNYYMG
WEFREAPGKARTSVAHUSSDTTITYKDAVEKGRFTISKDNAKNTLYLOMNSLKPEDSAMYRCA
AWTSDWSVAYWGOGTOVTVSSTSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTR
GLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCR
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FPEEEEGGCELRVKFSRSADAPAYQOGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKP
RRKNPQEGLYNELQKDEKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYD AL HMQ
ALPPRGSGATNFSLLKQAGDVEENPGPMALPVTALLI PLALLEHAARPAVQLVESGGGLY
QAGDSLRLTCTASGRAFSTYFMAWEFROAPGREREFVAGIAWSGGSTAYADSVKGRETISR
DNAKNTVYLOMNSLEKSEDTAVYYCASRGIEVEEFGAWGQGTQVTVSSGGGGSOVQLEES
GOGSVQAGGSLRLSCAYTYSTYSNYYMGWEFREAPGKARTSVALSSDTTITYKDAVEKGRYT
ISKDNAKNTLYLOMNSLKPEDSAMYRCAAWTSDWSVAYWGQGTOVTVSSTSQMNKTIHG
VEVLSVLVVSVVAVLVYKFYFHIMLLAGCIKYGRGENIYDAFVIYVSSQDEDWVRNELVKN
LEEGVPPFQLCLHYRDFIPGVAIAANHHEGFHKSRKVIVVVSQHFIQSRWCIFEYEIAQTWQ
FLSSRAGHFIVLQKVEKTLLROOVELYRLLSRNTYLEWEDSVLGRHIFWRRLRKALLDGKS
WNPEGTVGTGONWGQEATSI

SEQ ID NO: 62. Single anti-BCMA-co-anti-BCMA CAR
MALPVTALLLPLALLLHAARPAVQLVESGGGLVQAGDSLRLTCTASGRAFSTYFMAWFRQ
APGKEREFVAGIAWSGGSTAYADSVKGRFTISRDNAKNTVYLOMNSLKSEDTAVYYCASR
GIEVEEFGAWGQGTOVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDF
ACDIYIWAPLAGTCGVLLLSEVITLYCKRGRKKLLYIFRQPFMRPVQTTOEEDGCSCRFPEE
EEGGCELRVKFSRSADAPAYQOQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRK
NPQEGLYNELQEDEMAEAYSEIGMKGERRRGKGHDGLYOQGLSTATKDTYDALHMOQALPP
ROGSGATNFSLLKQAGDVEENPGPMALPVTALLLPLALLLHAARPOQVQLEESGGGSVOAGG
SLRLSCAYTYSTYSNYYMGWFREAPGKARTSVAIISSDTTITYRDAVKGRITISKDNAKNTL
YLOMNSLEPEDSAMYRCAAWTSDWSVAYWGOQGTOVTVSSTSOMNKTHGVSVESVLVVS
VVAVLVYKFYFHLMLLAGCIKYGRGENIYDAFVIYSSQDEDWVRNELVENLEEGVPPFQL
CLHYRDFIPGVAIAANITHEGFHKSREVIVVVSQHFIQSRWCIFEYEIAQTWOQFLSSRAGHFIV
LOKVEKTLLRQOQVELYRLLSRNTYLEWEDSVLGRHIFWRRLRKALLDGKSWNPEGTVGTG
CNWQEATSI

SEQ ID NGO: 63. Single anti-BCMA-co-anti-BCMA-CD8 CAR
MALPVTALLLPLALLLHAARPAVQLVESGGGLVOQAGDSLRLTCTASGRAFSTYFMAWEFR(Q
APGKERFFVAGIAWSGGSTAYADSVEKGRFTISRDNAKNTVYLOMNSLKSEDTAVYYCASR
GIEVEEFGAWGQGTQVTYSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDF
ACDIYIWAPLAGTCGVLLLSEVITLYCKRGRKKLLYIFKQPFMRPYVQTTQEEDGUSCREPEE
EEGGCELRVKFSRSADAPAYQQGOUNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRK
NPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDAL HMQALPP
ROGSGATNFSLLKOQAGDVEENPGPMALPVTALLLPLALLLHAARPQVQLEESGGGSVQAGG
SERISCAYTYSTYSNYYMGWFREAPGKARTSVALISSDTTITYRDAVKGRFTISKDNAKNTL
YLOMNSLKPEDSAMYRCAAWTSDWSVAYWGRQGTQVTVSSTSTTTPAPRPPTPAPTIASQP
LSLRPEACRPAAGGAVHTRGLDFACDTUHGYSVLSVLVVSVVAVLVYKFYFHLMLLAGCIK
YGRGENIYDAFVIYSSODEDWVRNELVKNLEEGVPPFQLCLHYRDFIPGVAIAANIHEGFH
KSREVIVVVSQHFIQSRWCIFEYETAQTWOQFLSSRAGHFIVLQKVEKTLELRQQVELYRELSR
NTYLEWEDSVLGRHIFWRRLRKALLDGKSWNPEGTVGTGCNWOQEATSI

SEQ ID NQO: 64, Single anti-BCMA-co-anti-BCMA-CD28 CAR
MALPVTALLLPLALLEHAARPAVQLVESGGGLYVQAGDSLRLTCTASGRAFSTYFMAWEFR(
APGKEREFVAGIAWSGGSTAYADSVKGRFTISRDNAKNTVYLOQMNSLESEDTAVYYCASR
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GIEVEEFGAWGQGTOVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDF

ACDIYIWAPLAGTCGVLLLSLVITLYCKRORKKLLYIFKOPFMRPVQTTOQEEDGCSCRFPEE

EEGGCELRVKFSRSADAPAYQOGONQLYNELNLGRREEYDVELDKRRGRDPEMGGKPRRK

NPQEGLYNELQKDKMAEAYSEIGMEKGERRRGKGHDGLYQGLSTATKDTYDALHMOQALPP
RGSGATNFSLLKQAGDVEENPGPMALPVTALLL PLALLLHAARPOVOLEESGGGSVQAGG

SERLSCAYTYSTYSNY YMGWEREAPGKARTSVAIISSDTTITYKDAVKGRFTISKDNAKNTL
YLOMNSLEKPEDSAMYRCAAWTSDWSVAYWGQGTOVTVSSTSIEVMYPPPYLDNEKSNGT
HEVKGKHLCPSPLFPGPSKPTHGVSVLSVLVVSVVAVLVYKFYFHLMLLAGCIK Y GRGENI

YDAFVIYSSQDEDWYRNELVEKNLEEGVPPFQLCLHYRDFIPGVAIAANIHEGFHKSRKVIV

VVSQHFIGSRWCIFEYEIAQTWQFLSSRAGIFIVLOKVEKTLLRQOVELYRLLSRNTYLEWE
DSVLGRHIFWRRLRKALLDGKSWNPEGTYVGTGUNWQEATSE

SEQ ID NG: 65, Tandem anti-BCMA-co-anti-GPRCSD CAR
MALPVTALLLPLALLLHAARPAVQLVESGGGLVQAGDSLRLTCTASGRAFSTYFMAWFRQ

APGKEREFVAGIAWSGGSTAYADSVEGREFTISRDNAKNTVYLOMNSLKSEDTAVYYCASR
GIEVEEFGAWGQGTOVTVSSGGGGSQVOLEESGGGSVOAGGSLRLSCAYTYSTYSNYYMG
WIREAPGKARTSVAHSSDTTITYKDAVKGRFTISKDNAKNTLYLOMNSLEPEDSAMYRCA
AWTSDWSVAYWGOQGTOVTVSSTSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTR
GLDFACDIYIWAPLAGTCGVLLLASLVITLYCKRGREKKLLYIFKQPFMRPVOTTOQEEDGCSCR
FPEEEEGGCELRVEKFSRSADAPAYQOQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKP
RRENPOQEGLYNELOKDKMAEAYSEIGMEGERRRGEGHDGLYQGLSTATKDTYDALHMQ
ALPPRGSGATNFSLLKQAGDVEENPGPMALPVTALLLPLALLLHAARPQSVVTQPPSMSAA
PGOQOVTISCSGGNSNIERNYVSWYLQLPGTAPKLVIFDNDRRPSGIPDRFSGSKSGTSATLGE
TGLOTGDEADYYCGTWDSSLRGWVEGGGTRLTVLGSRGGGGSGGOGGSGGOGGSLEMAEY
QLVESGGGLIQPGGSLRLSCAASGEFTFSNY AMNWVROAPGKGLEWVESTINGRGSSTIYADS
VEGRFTISRDNSKNTLYLOMNSLRAEDTATYYCARYISRGLGDSWGOQGTLVIVTIHGVSEVL
SVEVVSVVAVLVYKFYTFHLMLLAGCIKYGRGENIYDAFVIYSSQDEDWVRNELVKNLEEG
VPPFOLCLHYRDIFIPGVAIAANHHEGFHKSRKVIVVVSQHFIQSRWCIFEYEIAQTWOFLSSR
AGHFIVLOKVEKTLLROQOVELYRLLSENTYLEWEDSVLGRHIFWRRLRKALLDGKSWNPE
GTVGTGONWQEATSI

SEQ ID NO: 66. Tandem anti-BCMA CAR
MALPVTALLLPLALLLHAARPAVOQLVESGGGLVOQAGDSLRLTCTASGRAFSTYFMAWFRQ
APGKERFFVAGIAWSRSGGSTAYADSVKGRFTISRDNAKNTYVYLOMNSLKSEDTAVYYCASR
GIEVEEFGAWGOQGTOVTYVSSGGOGRSOVGLEESGGGSVOQAGGSLERLSCAYTYSTY SNYYMG
WEFREAPGKARTSVAUSSDTTITYKDAVEGRFTISKDNAKNTLYLOMNSLKPEDSAMYRCA
AWTSDWSVAYWGQGTOVTVSSTSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTR
GLDFACDIVIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKOPFMRPVQTTQEEDGCSCR
FPEEEEGGCELRVKFSRSADAPAYOQQGONGQLYNELNLGRREEYDVLDKRRGRDPEMGGKY
REREKNPOQEGLYNELQKDEKMAFAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMG
ALPPR

SEQ 1D NO: 67 Single anti-BCMA CAR
MALPVTALLLPLALLILHAARPAVQLVESGGGLVQAGDSLRLTCTASGRAFSTYFMAWFR(
APGKEREFVAGIAWSGGSTAYADSVEGRFTISRDNARKNTVYLOMNSLESEDTAVYYCASR
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GIEVEEFGAWGQGTOVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDF
ACDIYIWAPLAGTCGVLLLSLVITLYCKRORKKLLYIFKOPFMRPVQTTOQEEDGCSCRFPEE
EEGGCELRVKFSRSADAPAYQOGONQLYNELNLGRREEYDVELDKRRGRDPEMGGKPRRK
NPQEGLYNELQKDKMAEAYSEIGMEKGERRRGKGHDGLYQGLSTATKDTYDALHMOQALPP
R

SEQ ID NO: 68, First single anti-BCMA sdAb
AVOLVESGGGLYVOAGDSLRLTCTASGRAFSTYFMAWFROQAPGKEREFVAGIAWSGGSTAY
ADSVKGRFTISRDNAKNTYVYLOMNSLESEDTAVYYCASRGIEVEEFGAWGOQGTQVTVSS

SEQ ID NOG: 69, Second single anti-BCMA sdAb
QVOLEESGGGSVOAGGSLRLSCAYTYSTYSNY YMGWEFREAPGKARTSVAIISSDTTITYKD
AVKGRFTISKDNAKNTLYLOMNSLKPEDSAMYRCAAWTSDWSVAYWGOGTOVTYVSS

SEQ ID NG: 70, Anti-GPRCSD scFv
QSVVTOPPSMSAAPGQOVTISCSGGNSNIERNYVSWYLOLPGTAPKLVIFDNDRRPSGIPDR
FSGSKSGTSATLGITGLOTGDEADYYCGTWDSSLRGWVFGGGTEKLTVLGSRGGGGSGGGG
SGGGGSLEMAEVOLVESGGGLIQPGGSLRLSCAASGFTFSNY AMNWYRQAPGKGLEWVYST
INGRGSSTIYADSVKGRFTISRDNSENTLYLOMNSLRAEDTATYYCARYISRGLGDSWGQG
TLVTV

SEQID NG: 71, CLLT-co-CD33-2 CAR
MALPVTALLLPLALLLHAARPOVOQLVESGGGSVQAGGALSLSCAASGYTVRIDYMGWYR
QTPGKGREPVATIASNGGTAYADSVEGRETISQDNAKNSVYLOMNTLKPGDTAMYYCAA
GTWPTLTYFGOQGTOQVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDEA
CDIYIWAPLAGTCGVLLLSLVITLYCKRGRKELLYIFKQPFMRPVQTTOEEDGCSCRFPEEE
EGGCELRVEKFSRSADAPAYQOQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRREN
POEGLYNELOQKDKMAEAYSEIGMKGERRRGRKGHDGLYQGLSTATKDTYDALHMQALPPR
GSGATNFSLLKOQAGDVEENPGPMALPVTALLLPLALLLHAARPEVOLVESGGGSVOAGGS
LRLSCAASGYTYSINCMGWEFRQAPGKEREGVAVISTGOGGRTDYRDSVKGRFTISQDNAKN
TVYLOMNSLKPEDTAMYYCAGKTTYPOGYGUCGLGRSAYNYWGQGTOVTVSSQMNKTIGY
SVLSVLVVSVVAVLVYKFYFHLMLLAGCIKYGRGENIYDAFVIYSSODEDWVRNELVKNL
EEGVPPFQLCLHYRDFIPGVAIAANHHEGFHKSRKVIVVVSQHFIQSRWCIFEYEIAQTWQF
LSSRAGHFIVLQKVEKTLLROQQVELYRLLSRNTYLEWEDSVLGRHIFWRRLRKALLDGKS
WNPEGTVGTGUNWQEATS

SEQID NO: 72, Tandem anti-BCMA-co-anti-GPRCSD-CD8 CAR
MALPVTALLLPLALLLHAARPAVOQLVESGGGLVOQAGDSLRLTCTASGRAFSTYFMAWFRQ
APGKERFFVAGIAWSGGSTAYADSVKGRFTISRDNAKNTVYLOMNSLEKSEDTAVYYCASR
GIEVEEFGAWGQGTOVTVSSGGGGSQVQLEESGGGSVOAGGSLRLSCAYTYSTY SNYYMG
WEREAPGKARTSVANSSDTTITYKDAVEGRFTISKDNAKNTLYLOMNSLKPEDSAMYRCA
AWTSDWSVAYWGOGTOVTVSSTSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTR
GLDFACDIVIWAPLAGTCGVLLLSLVITLYCKRGREKLLYIFKOPFMRPVQTTQEEDGCSCR
FPEEEEGGCELRVKFSRSADAPAYOQQGONGLYNELNLGRREEYDVLDKRRGRDPEMGGKY
RRENPOEGLYNELQKDEMAFAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMG
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ALPPRGSGATNFSLLKQAGDVEENPGPMALPVTALLI PLALILHAARPOSVVTQPPSMSAA
PGQOQVTISCSGOGNSNIERNYVSWYLQLPGTAPKLVIFDNDRRPSGIPDREFSGSKSGTSATLGE

TGLOTGBEADYYCGTWDSSLRGWVFGGOGTRKLTVLGSRGGGGSGGGGSGOGGGSLEMAEY

QLVESGGGLIQPGGSLRLSCAASGFTFSNYAMNWVROAPGKGLEWVSTINGRGSSTIYADS
VEGRFTISRONSKNTLYLOMNSLRAEDTATYYCARYISRGLGDSWGQGTLVTVTTTPAPRY
PTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDTTHGVSVLSVLVVSVVAVLVYKEY

FHEMELAGCIKYGRGENIYDAFVIYSSODEDWYRNELVKNLEEGVPPFQLCLHYRDFIPGY

ATAANITHEGFHKSREKVIVYVVSQHFIQSRWCIFEYEIAQTWQFLSSRAGHFIVLOKVEKTLLR

QOVELYRLLSRNTYLEWEDSVLGRHIFWRRLRKALLDGKSWNPEGTVGTGUNWQEATSE

SEQ ID NG: 73, Tandem anti-BCMA-co-anti-GPRCS5D-CD28 CAR

MALPVTALLI PEALLTHAARPAVOLVESGGGLYVQAGDSLRLTCTASGRAFSTYFMAWFRQ
APGKEREFVAGIAWSGGSTAYADSVKGRFTISRDNAKNTVYLOMNSLKSEDTAVYYCASR
GIEVEEFGAWGQGTOVTVSSGGGGSQVOLEESGGGSVOQAGGSLRLSCAYTYSTYSNYYMG
WFREAPGKARTSVAHISSDTTITYKDAVKGRFTISKDNAKNTLYLOMNSLEPEDSAMYRCA
AWTSDWSVAYWGQGTOVTVSSTSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTR
GLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKELLYIFKQPFMRPVOTTQEEDGCSCR
FPEEEEGGCELRVEFSRSADAPAYQOQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKP
RREKNPQEGLYNELOQKDKMAFAYSEIGMEGERRRGKGHDGLYQGLSTATKDTYDALHMQ
ALPPRGSGATNFSLLKQAGDVEENPGPMALPVTALLLPLALLLHAARPQSVVTQPPSMSAA
PGOOVTISCSGGNSNIERNYVSWYLQLPGTAPKLVIFDNDRRPSGIPDRESGSKSGTSATLGE
TGLQTGDEADYYCGTWDSSLRGWVFGGGTRLTVLGIRGGGGSGGGGSGGGGSLEMAEY
QLVESGGGLIQPGGSLRLSCAASGFTFSNYAMNWVRQAPGRKGLEWVSTINGRGSSTIYADS
VREGRFTISRDNSKNTLYLOMNSLRAEDTATYYCARYISRGLGDSWGQGTLVTVIEVMYPPP
YLDNEKSNGTIHHVKGKHLCPSPLFPGPSKPTHGVSVLSVLVVSVVAVLVYKFYFHLMLLA
GCIKYGRGENIYDAFVIYSSQDEDWVRNELVENLEEGVPPFOLCLHYRDFIPGVAIAANHH
EGFHKSRKVIVVVEQHFIQSRWCIFEYFIAQTWOQFLASRAGIHFIVLOKVEKTLLRQQVELYR
LLSRNTYLEWEDSVLGRHIFWRRLRKALLDGKSWNPEGTVOTGCNWQEATSI
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CLAIMS

What is claimed 1s:

1. A modified immune cell comprising:

a) a first polypeptide comprising: 1} a first target binding domain, 11} a first TLR transmembrane
domain, and 11} a first TLR signaling domain; and

b} a second polypeptide comprising: 1) a second target binding domain, 11} a second TLR
transmembrane domain, and 111} a second TLR signaling domain;

wherein upon binding of the first target binding domain and second target binding domain to thewr
corresponding target, the first TLR signaling domain and the second TLR signaling domain
associate with each other to form a TLR signaling moiety capable of inducing TLR signaling.

2. The modified immune cell of claim 1, wheremn the furst target binding domam and the
second target binding domain each binds to a subumit of a multimernic target molecule.

3. The modified immune cell of claim 2, wheremn the sebunits of the multimeric target

molecule are the same.

4, The modified immune cell of claim 2, wheremn the subunits of the multimeric target

molecule are different.

5. The modified immune cell of claim 1 or 2, wherein the first target binding domain and the

second binding domain bind to the same target molecule.

6. The modified immune cell of claim 5, wherein the first target binding domain and the

second binding domain each binds to the same target site on the target molecule.

=
I
i

The modified immune cell of any one of claims 1-3, and 5-6, wherein the first target binding

domain and the second target binding domain are the same.
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8. The modified immune cell of claim 35, wherein the first target binding domain and the
second target binding domain each binds to a different non-overlapping target sites on a single

target molecule.

9. The modified immune cell of any one of claims 1-8, wherein the first TLR transmembrane

domain and the first TLR signaling domain are derived from the same TLR molecule.

10. The modified immune cell of any one of claims 1-9, wherein the second TLR
transmembrane domain and the second TLR signaling domain are derived from the same TLR

maolecule.

11 The modified immune cell of any one of claims 1-10, wherem the first TLR transmembrane

domain and the second TLR transmembrane domain are the same.

12, The modified immune cell of any one of claims 1-11, wherem the first TLR signaling

domain and the second TLR signaling domain are the same.

13. The modified immune cell of claim 11 or claim 12, wherein the first TLR transmembrane

domain and/or first TLR signaling domain are derived from TLR4.

14. The modified immune cell of any one of claims 1-10, wherem the first TER transmembrane

domain and the second TLR transmembrane domain are different.

15. The modified immune cell of any one of claims 1-11 and 14, wherein the first TLR signaling

domain and the second TLR signaling domain are different.

16. The modified immune cell of claim 14 or claim 15, wherein the first TLR transmembrane

domain and/or first TLR signaling domain are dernived from TLRZ.
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17. The modified immune cell of claim 14 or claim 15, wherein the second TLR transmembrane

domain and/or second TLR sienaling domain are derived from TLR6.
g )

18 The modified immune cell of any one of claims 14-17, wherein the second TLR

transmembrane domain and/or second TLR signaling domain are derived from TLR1.

19, The modified immune cell of any one of claims 1-18, wherein the first target binding
domain and/or the second target binding domain 1s an antibody moiety or antigen-binding fragment

thereof.

20. The modified immune cell of claim 19, wherein the first target binding domain and/or

second target binding domain 1s a scFv or sdAb.

21 The modified immune cell of claim 20, wherein the scFv or sdAb specifically binds to

CD33, CLL1, CD123, CD19, CD20, CD22, BCMA, GPRCSD, and GPC3.

22 The medified immune cell of any one of claims 5-18, wherein the target molecule 1s an

immune checkpoint protein.

~5

23. The modified immune cell of claim 22, wherein the target molecule 1s selected from the

oroup consisting of PD-1, CD70, CD27, SIRPo, and TIGIT.

24, The modified immmune cell of any one of claims 5-18, wherein the target molecule s a

natural protein expressed on timmune cells.

25, The modified immune cell of claim 24, wherein the target molecule 18 NKG2D.

26. The modified immune cell of claim 24 or 25, wherein the target molecule is a full-length
sequence of NKG2D.

27. The modified immune cell of claim 24 or 25, wherein the target molecule is mutated
NKGZD.
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28. The modified immune cell of claim 27, wherein the mutated NKG2D comprises a truncated

sequence, and/or an amino acid asubstitution, mutation, addition, and/or deletion.

29. The modified immune cell of claim 24 or 25, wherein the target molecule is an extracelluiar

antigen binding domain of NKG2D.

30. The modified immune cell of any one of claims 1-29, wherein the modified immune cell 1s
selected from the group consisting of a cytotoxic T cell, a helper T cell, a natural killer (NK} cell, an

NK-cell, an iNK-T cell, an NK-T like cell, an affT cell and a vOT cell.

31 The modified immune cell of claim 30, wherein the modified immune cell 15 an NK cell.
32, The modified immune cell of claim 30, wherein the modified immune cell 1s a cytotoxic T
cell.

33. The modified immune cell of any one of claims 1-32, wherem the modified immune cell

comprises an engineered receptor.

34 The modified immune cell of claim 33, wherein the engineered receptor is a chimeric

antigen receptor {CAR).

35 The modified immune cell of claim 33, wherein the engineered receptor is a modified T-cell
receptor {TCR).
36. The modified immune cell of claim 33, wherein the engineered receptor 15 a T-cell antigen

coupler {TAC) receptor.
37 The modified immune cell of any one of claims 33-36, wherein the engineered receptor

comprises an extraceliular domain specifically recognizing the same target molecule as the first

polypeptide and/or the second polypeptide.
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38 The modified immune cell of claim 37, wherein the engineered receptor comprises an
extracellular domain specifically recognizing a non-overlapping target site on the same target

molecule as the first polypeptide and/or the second polypeptide.

39. The modified immune cell of any one of claims 33-38, wherein the engineered receptor

comprises an extracelular domain specifically recognizing any of CD19, CLL1, BCMA, and GPC3.

40. The modified immune cell of claim 39, wherein the engineered receptor comprises an amino
acid sequence having at least about 93% sequence identity to the amuno acid sequence of any one of
SEQID NOs: 1, 3, 57-60, 61-65, 71-73 or comprises an amino acid sequence of any one of SEQ ID

NOs: 1, 3, 57-60, 61-65, 71-73.

41, The modified immune cell of any one of claims 1-40, wherem the modified immune cell
comprises a first nucleic acid encoding the first polypeptide and a second nucleic acid encoding the

second polypeptide.
432, The modified immune cell of any one of claims 1-3, 5-7, 9-13, and 19-32, wherein the first
polypeptide and the second polypeptide are the same, and wherein the modified immune cell

comprises a first nucleic acid encoding the first polypeptide and the second polypeptide.

43, The modified immune cell of any one of claims 33-42, wherein the modified immune cell

comprises a third nucleic acid encoding the engineered receptor.

44, The modified immune cell of any one of claims 41-43, wherein the first nucleic acid and the

second nucleic acid are operably linked to the same promoter.

45, The modified immune cell of claim 41 or 43, wherein the first nucleic acid and the second

nucleic acid are operably linked to separate promoters.
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46, The modified immune cell of any one of claims 43-45, wherein the first nucleic acid and the

third nucleic acid are operably linked to the same promoter.

47. The modified immune cell of any one of claims 43-45, wherein the first nucleic acid and the

third nucleic acid are operably hinked to separate promoters.

48, The modified immune cell of any one of claims 43, 44, and 46, wherein the first nucleic

acid, the second nucleic acid, and the third nucleic acid are operably linked to the same promoter.

49, The modified immmune cell of any one of claims 19-21, wherein the first target binding

domain and second target binding domain specifically recognize a subunit of CD20.

50. The modified immune cell of any one of claims 8-48, (1) the fust target binding domain
specifically recognizes the C2 subumit of CD33, and the second target binding domain specifically
recognizes the V subunit of CD33; or

(2 the furst target binding doman specifically recogrizes the V subunit of CI333, and the second
target binding domain specifically recognizes the C2 subunit of CD33,

51 The modified immune cell of any one of claims 1-50, wherein the first polypeptide further
comprises a first intracellular domain of a first cytokine receptor, and/or the second polypeptide

further comprises a second intraceliular domain of a second cytokine receptor.

52. The modified immune cell of claim 51, wherein the first intracellular domain and the second

ntracellular domain are the same.

53 The modified immune cell of claim 51, wherein the first intracellular domain and the second

mtracellular domain are different.
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54, The modified immune cell of any of claims 51-53, wherein the first cytokine receptor and/or
the second cytokine receptor is selected from the group consisting of a GM-CSF receptor, an [L-18

receptor, an 1L-21 receptor, an 1L.-15 receptor, and an [L-23 receptor.

55, The modified immune cell of any of claims 51-53, wherein the first intracellular domain of
the first cytokine receptor and/or the second mtracellular domain of the second cytokine receptor

comprise an immunoreceptor tyrosine-based activation mott (ITAM).

56. The modified immune cell of any one of claims 51-55, wherein the C-terminus of the first
intracellular domain of the first cytokine receptor 1s fused to the N-termunus of the first TLR
stgnaling domamn; and/or the C-terminus of the second mitracellular domamn of the second cytokine

receptor 18 fused to the N-ternunus of the second TLR signaling domain.

57 The modified immune cell of any one of claims 51-55, wherein the N-termunus of the first
mtracellular domain of the first cytokine receptor 1s fused to the C-termunus of the TLR signaling
domain, and/or the N-termmus of the second intracetivlar domam of the second cytokine receptor 13

fused to the C-terminus of the TLR signaling domain.

38. A method of producing a modified immumne cell of any one of claims 1-57, comprising:
mitroducing into a precursor immune cell a first nucleic acid encoding the first polypeptide and

optionally a second nucleic acid encoding the second polypeptide.
59. The method of claim 58, wherein the precursor immune cell is selected from the group
consisting of a cytotoxic T cell, a helper T cell, an NK cell, an NK-T cell, an iNK-T cell, an NK-T

like cell, an affT cell and a y3T cell.

60. The method of claim 58 or 59, wherein the precursor immune cell comprises an engineered

receptor.
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61. The method of claim 58 or 59, further comprising introducing into the precursor immune

cell a third nucleic acid encoding an engineered receptor.

62. The method of claim 60 or 61, wherein the engineered receptor is a chimeric antigen

receptor {CAR), a modified T-cell receptor (TCR), or a T-cell antigen coupler (TAC) receptor.

63. The method of any one of claims 58-62, wherein the first nucleic acid, the second nucleic

acid, and/or the third nucleic acid are on the same vector.

64. The method of claim 63, wherein the vector is a viral vector.

6S. The method of claim 64, wherein the viral vector is selected from the group consisting of an
adenoviral vector, an adeno-associated virus vector, a retroviral vector, a lentiviral vector, a herpes

stmplex viral vector, and derivatives thereof.

66. The method of any one of claims $8-62, further comprising isolating or enriching imrune
R > Lol gl

cells comprising the first nucleic acid, the second nucleic acid, and/or the third nucleic acid.

67. A modified immune cell produced by the method of any one of claims 58-66.

68, A pharmaceutical composition comprising the modified immune cell of claims 1-57 and 67,

and a pharmaceutically acceptable carrier.

69. A method of treating a disease in an individual, comprising administering to the individual

an effective amount of the pharmaceutical composition of claim 68

70. The method of claim 69, wherein the disease is cancer.

71 The method of claim 69 or 70, wherein the individual is human.
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