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MODIED IMMUNE CELLS EXPRESSINGTLR RECEPTORS 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] This application claims priority benefitsofInternationalApplicationNo.  

PCT/CN2021/113239,filedonAugust18, 2021, International Application 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 ASCIITEXT FILE 

[00021 The content of the following submission on ASCII text file is 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 vivo T cell expansion and 

exhaustion, leading to decreased durability of clinical remissions in patients with hematologic 
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malignancies (e.g., acute myeloid leukemia). There remains a need for highly efficient cell-based 

cancer immunotherapy.  

100051 NKG2D is a transmembrane protein belonging to the NKG2 family of C-type lectin-like 

receptors. In humans, it is expressed by NK cells, y6 Tcells and CD8+ a 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).  

[00061 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-stimulatoiy 

molecules on T cells, and are expressed on the cell surface of activated T cells (e.g., memory CD4+ 

and CD8+ T cells). Therefore, the activation of TLRs on T cells directly enhances T cell receptor 

(TCR) signal-induced T cell activation, function, and survival (Gelman, AE, et a., 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 CARs can be armored with 

toll/interleukin- I(IL-1) receptor (TIR) domains in order to provide enhanced anti-tumor activity.  

See, for example Manavalan, B, et al, 2011, Front. Physiol. 2:41.  

[00071] The disclosures of all publications, patents, patent applications and published patent 

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

BRIEF SUMMARY 

100081 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.  

100091 One aspect of the present application provides a modified immune cell comprising: a) a 

first polypeptide comprising: i) a first target binding domain, ii) a firstTLR transmembrane domain, 

and iii) a firstTLR signaling domain; and b) a second polypeptide comprising: i) a second target 

binding domain, ii) a secondTLR transmembrane domain, and iii) 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.  

100101 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] Another aspect of the present application provides a modified 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 domain and the 

second target binding domain each binds to a different non-overlapping target sites on a single 

target molecule.  

[0012] In some embodiments according to any of one the modified immune 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 domain 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 embodiments, the first TLR transmembrane domain and/or first TLR signaling domain are 

derived fromTLR4. 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 firstTLR signaling domain are derived from'TLR2. In some 

embodiments, the second'TLR transmembrane domain and/or firstTLR signaling domain are 

derived from TLR6. In some embodiments, the second'TLR transmembrane domain and/or second 

TLR signaling domain are derived from TLR.  
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100131 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 is an antibody moiety 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 scFv or sdAb that 

specifically binds to CD33, CLLi, CD123, CD19, CD20, CD22, BCMA, GPRC5D, and GPC3.  

[00141 In some embodiments according to any of one the modified immune cells described above, 

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

selected from the group consisting of PD-1, CD70, CD27, SIRPa, and TIGIT.  

[00151 In some embodiments according to any of one the modified immune cells described above, 

the target molecule is 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 NKG2D comprises a truncated sequence and/or an amino acid 

substitution, mutation, addition, and/or deletion.  

100161 In some embodiments, the target molecule is an extracellular antigen binding domain of 

NKG2D. In some embodiments, the target molecule is full-length sequence of NKG2D.  

100171 In some embodiments according to any of one the modified immune cells described above, 

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 apT cell and a yST cell.  

In some embodiments, the modified immune cell is an NK cell. In some embodiments, the modified 

immune cell is a cytotoxicTcell. In some embodiments, the modified immune cell comprises an 

engineered receptor. In some embodiments, the engineered receptor is a chimeric antigen receptor 

(CAR). In some embodiments, the engineered receptor is a modified T-cell receptor (TCR). In some 

embodiments, the engineered receptor is a T-cell antigen coupler (TAC) receptor.  

[00181 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 extracellular domain specifically recognizing the same target molecule as the first 

polypeptide and/or the second polypeptide. In some embodiments, 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. In sonic embodiments, 
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the engineered receptor comprises an extracellular domain specifically recognizing any of CD19, 

CLLI, BCMA, and GPC3.  

100191 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.  

[00201 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.  

100211 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 operable 

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.  

[0022] 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 CD33, 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 

iPRC5D.  

100231 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 intracellular domain of a 

second cytokine receptor. In some embodiments, the first polypeptide further comprises a first 

intracellular domain of a first cytokine receptor and the second polypeptide further comprises a 
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second intracellular 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-IS 

receptor, an IL-21 receptor, an IL-15 receptor, and an IL-23 receptor. In some embodiments, the 

second cytokine receptor is selected from the group consisting of a GM-CSF receptor, an IL-18 

receptor, an IL-21 receptor, an IL-15 receptor, and an IL-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 intracellular domain of the second 

cytokine receptor comprise an immunoreceptor tyrosine-based activation motif (ITAM). In some 

embodiments, the first intracellular domain of the first cytokine receptor and the second intracellular 

domain of the second cytokine receptor comprise an immunoreceptor tyrosine-based activation 

motif (ITAM). In some embodiments, the C-terminus of the first intracellular domain of the first 

cytokine receptor is fused to the N-terminus of the first TLR signaling domain. In some 

embodiments, the C-terminus of the second intracellular domain of the second cytokine receptor is 

fused to the N-terminus of the second TLR signaling domin. In some embodiments, the C-terminus 

of the first intracellular domain of the first cytokine receptor is fused to the N-terminus of the first 

TLR signaling domain; and, the C-terminus of the second intracellular domain of the second 

cytokine receptor is fused to the N-terminus of the second TLR signaling domin. In some 

embodiments, the N-terminus of the first intracellular 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 is fused to the C-terminus of theTLR 

signaling domain. In some embodiments, the N-terminus of the first intracellular 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 is fused to the C-terminus of the 

TLR signaling domain.  

[00241 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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100251 In some embodiments according to any one of the methods of production described above, 

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 apT cell and a yST cell. In some 

embodiments, the precursor immune cell comprises an engineered receptor. In some embodiments, 

the method of producing further comprising introducing into 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.  

[00261 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 vector. In 

some embodiments, the vector is a viral vector. In some embodiments, 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 simplex viral vector, and derivatives thereof.  

100271 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 is a pharmaceutical composition comprising the modified immune cell 

according to any one of the modified immune cells described above, and a pharmaceutically 

acceptable carrier.  

[0030] Another aspect of the present application provides a method of treating a disease in an 

individual, comprising administering to the individual an effective amount of the pharmaceutical 

composition according to any one of the pharmaceutical compositions described above. In some 

embodiments, the disease is cancer. In some embodiments, the individual is human.  

[0031] 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 TLE DRAWINGS 

[00321 FIG. I shows the bicistron expression design of a CAR fusion construct comprising an 

anti-CD19-CAR and anti-CD20TLR polypeptides (CD19-co-CD20 CAR; SEQ ID NO: 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 NO: 5), anti-CD19 scFv (SEQ ID NO: 6)., a CD8a hinge domain 

(SEQ ID NO: 7), a CD8a transmembrane (TM)domain (SEQ ID NO: 8), the cytoplasmic portion of 

the 4-IBB (CD137) co-stimulatory signaling domain (SEQ ID NO: 9), and a CD3( primary 

intracellular signaling domain (SEQ ID 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 (TT) region (SEQ ID NO: 12), and the 

cytoplasmic portion of TLR4 (e.g., TLR4 primary intracellular signaling domain) (SEQ ID NO: 13), 

via a P2A cleavage site (SEQ ID 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 CDI9-co-CD20 

CAR T cells induce Raji target cell lysis in a dose dependent manner in vitro. Untransduced T cells 

(i.e., "unT") served as controls in this experiment.  

[0034] FIG.3showsthe invitroIFN7 cytokinesectionofCD19BM CAR-TandCD19-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.  

100351 FIG. 4 shows the in vitro TNFu cytokine section of CD19 BM CAR-Tand CD9-co

CD20 CAR-T cells armoredwith TLR4, co-cultured with Raji target cells. Untransduced T cells 

(i.e., "unT") served as controls in this experiment.  

[00361 FIG. 5 shows the in vitro 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 in this experiment.  

100371 FIG. 6 shows the in vitro proliferation (e.g., expansion fold) of CD19 BMCAR-Tand 

CD19-co-CD20 CAR-Tcells armored with TLR4, after incubation with Raji target cells.  

100381 FIG. 7 shows the bicistron expression design of a CAR fusion construct comprising an 

anti-CLLI-CAR and anti-CD33TLR polypeptides (CLLI-co-CD33 CAR; SEQ ID NO: 3 and 

CLLI-co-CD33-2 CAR-T; SEQ ID NO: 71).  
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100391 FIG. 8 shows in vitro cytotoxic effects of CLL BM CAR-T, CLL-co-CD33 CAR-T cells 

armored withTLR2 and TLRI and CLLI-co-CD33-2 CAR-T cells armoredwith TLR4. In 

particular, FIG. 8 shows that CLL1 BM CAR-T, CLLI-co-CD33 CAR-T and CLL-co-CD33-2 

CAR-T cells induce U937 target cell lysis in a dose dependent manner in vitro. Untransduced T 

cells (i.e., "unT") served as controls in this experiment.  

[00401 FIG. 9 shows the in vitroIFNy cytokine section of CLLI BM CAR-T, CLL-co-CD33 

CAR-T cells armored withTLR2 andTLR1 and CLL-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 TNFa cytokine section of CLL BM CAR-T, CLLi-co-CD33 

CAR-T cells armored with TLR2 and TLR1 and CLL-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. I Ishows the in vitro killing efficacy CLL BM CAR-T, CLL-co-CD33 CAR-T 

cells armored with TLR2 and TLR1 and CLLI-co-CD33-2 CAR-T armored with TLR4 in a 

repeatedtumor 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 CL1 BM CART, 

CLL1-co-CD33 CAR-T cells armored with TLR2 and TILRI and CLL-co-CD33-2 CAR-T 

armored with TLR4, after incubation with U937 target cells.  

100441 FIG. 13 shows a schematic of an in vivo efficacy study of exemplary CLL-co-CD33 

CAR apT and CLLI-co-CD33 CAR y5T treatment in a U937-Luc xenograft mouse model.  

100451 FIG. 14 shows the in vivo efficacy of CLI1-co-CD33 CAR IFpT cells in a U937-Luc 

xenograft mouse model.  

[00461 FIG. 15 shows the in vivo efficacy of CLL1-co-CD33 CAR y6T cells and CLL-co-CD33

2 CAR y6T 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 NKG2D TLR chimeric receptor. FIG. 16B shows a schematic of a TCR 

armored with NKG2D or mutated NKG2D TLR chimeric receptor.  
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100481 FIGs. 17A-17B 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. I7A 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 

receptorwhich includes a binding domain targeting NKG2D ligands, TLR transmembrane domain 

and intracellular effector domain.  

[00491 FIGs. 18A-I8B show exemplary constructs of CAR orTCRs armored with NKG2D or 

mutated NKG2D TLR4 chimeric receptor. FIG. 18A shows a second generation CAR armored with 

NKG2D or mutated NKG2D TLR4 chimeric receptor. FIG. 18B shows TCR armored with NKG2D 

or mutated NKG2D TLR4 chimeric receptor.  

[0050] FIG. 19 shows the in vitro killing efficacy anti-GPC3 CAR-T and anti-GPC3 CAR-T cells 

armored with NKG2D-TLR4 or NKG2D-CD8-TLR4 chirneric receptor in a repeated tumor 

stimulation assay with Huh7 target cells. Untransduced T cells (i.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 NKG2D-CD8-TLR4 chimeric receptor after incubation with Huh7 

target cells.  

[0052] FIG. 21 shows the in vitro IFNy cytokine section of anti-GPC3 CAR-T and anti-GPC3 

CAR-Tcells armored with NKG2D-TLR4 or NKG2D-CD8-TLR4 chimeric receptor, co-cultured 

with Huh7 target cells. Untransduced Tcells (i.e., "UNT") served as controls inthis experiment.  

100531 FIG. 22 shows the in vitro killing efficacy anti-CD19 CAR-T and anti-CD19 CAR-T cells 

armored with NKG2D-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 

experiment.  

100541 FIG. 23 shows the in vitro proliferation of anti-CD19 CAR-Tand anti-CD19 CAR-T cells 

armored with NKG2D-TLR4 or NKG2D-CD8-TLR4 chimeric receptor after incubation with Raji 

target cells.  

[00551 FIG. 24 shows the in vivo efficacy of anti-GPC3 CAR-T cells and anti-GPC3 CAR-Tcells 

armored with NKG2D-CDS-TLR4 chimeric receptor in Huh7 xenograft model.  

10



WO 2023/020558 PCT/CN2022/113170 

100561 FIG. 25 shows the bicistron expression design of a CAR fusion construct comprising a 

tandem anti-BCMA-co-anti-1BCMA CAR (SEQ ID NO: 61) or single anti-BCMA-co-anti-BCMA 

CAR (SEQ ID NO: 62), single anti-BCMA-co-anti-BCMA-CD8 CAR (SEQ ID NO: 63), single 

anti-BCMA-co-anti-BCMA-CD28 CAR (SEQ ID NO: 64) in addition to tandem anti-BCMA-co

anti-GPRC5D CAR (SEQ ID NO: 65), tandem anti-BCMA-co-anti-GPRC5D-CD8 CAR (SEQ ID 

NO: 72), tandem anti-BCMA-co-anti-GPRC5D-CD28 CAR (SEQ ID NO: 73).  

[0057] FIG. 26 shows in vitro cytotoxic effects of anti-BCMA-CAR-y6T and anti-BCMA-co-anti

BCMA-6T cells armored with TLR4 intracellular signaling. Untransduced y6T cells (i.e., "Un

yST") served as controls in this experiment.  

100581 FIG. 27 shows the in vitro IFN-y, TNF-a and GM-CSF cytokine secretion of anti-BCMA-

CAR-Y61and anti-BCMA-co-anti-B(MA-S61 cells armored withITLR4 intracellular signalling, 

co-cultured with BCMA-positive NCI-H-1929 target tumor cells. Untransduced y6T cells (i.e., "Un

'yf") served as controls in this experiment.  

100591 FIG. 28 shows the in vitro killing efficacy and persistence of tandem anti-BCMA-CAR

y6T, tandem anti-BCMA-co-anti-BCMA-CAR y61, single anti-BCMA-co-anti-BCMA CAR y6T, 

single anti-BCMA-co-anti-BCMA-CD8 CAR 76,single anti-BCMA-co-anti-BCMA-CD28 CAR 

76T, tandem anti-BCMA-co-anti-GPRC5D- CAR y6T and tandem anti-BCMA-co-anti-GPRC5D

CD8 CAR-yST cells in a repeated tumor stimulation assay with BCMA-positive NCI-H929 target 

tumor cells. Untransduced 6T cells (i.e., "Un-v6T") served as controls in this experiment.  

[0060] FIG. 29 shows the persistence of tandem anti-BCMA-CARy6T and tandem anti-BCMA

co-anti-BCMA-yST cells armored with TLR4 intracellular signalling in allogeneic setting with co

incubation of76T cells, allogeneic PBMCs and BCMA-postive NCI-H929 target tumor cells at a 

ratio of 1:60:1.  

[0061] FIG. 30 shows the in vivo killing efficacy and persistence of tandem anti-BCMA-CAR

76T, tandem anti-BCMA-co-anti-BCMA-yT cells armored with TLR4 intracellular signalling and 

tandem anti -BCMA-co-anti-GPRC5D-CD8-yT cells in a BCMA-positive RPMI-8226 tumor

bearing xenograft model. Untransduced 76cells (i.e., "Un-6ST") and vehicle IBSS served as 

controls in this experiment.  

100621 FIGs. 31A-31B show the body weight change and IFN-, TNF-a and GM-CSF cytokine 

secretion of tandem anti-BCMA-CAR-T 61and tandem anti-BCMA-co-anti-BCMA-y61cells 
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armored with TLR4 intracellular signalling in a BCMA-positive RIMI-8226 tumor-bearing 

xenograft model. Untransduced yST cells (i.e., "Un-yST") and vehicle HBSS served as controls in 

this experiment.  

DETAILED DESCRIPTION 

100631 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: i) a first 

target binding domain (e.g., an antibody moiety or fragment thereof), ii) a first TLR transmembrane 

domain, and iii) a first TLR signaling domain; and the second TLR polypeptide comprises: i) a 

second target binding domain (e.g.. an antibody moiety or fragment thereof), ii) a second TLR 

transmembrane domain, and iii) 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 

signalingdomainandthesecondTLRsignaling domain associate with each other to form a TLR 

signaling moiety capable of inducing TLR signaling.Insomeembodiments,themodifiedimmune 

cells are T cells.  

[00641 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.  

100651 The activation of TLR signaling on the TLR polypeptides is target dependent and initiates 

by dimerized or multimerized TLR polypeptides polypeptide and formation of a TLR signaling 

moiety 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 on a 

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 moiety. 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 is formed around the 

engineered receptor. The first and second polypeptides are recruited to the same immunological 

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 first 

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.  

[0066] Accordingly, one aspect of the present application provides a modified immune cell (e.g., 

T cell) comprising a first polypeptide comprising: i) a first target binding domain (e.g., an antibody 

moiety or fragment thereof), ii) a first TLR transmembrane domain, and iii) a first TLR signaling 

domain; and b) a second polypeptide comprising: i) a second target binding domain (e.g., an 

antibody moiety or fragment thereof), ii) a second TLR transmembrane domain, and iii) a second 

TLR 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 TLR 

signaling domain and the second TLR signaling domain associate with each other to form a TLR 

signaling moiety capable of inducingTLR 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 receptor, a modified T-cell receptor, or a T-cell antigen coupler 

(TAC) receptor.  

100671 Another aspect of the present application provides a modified immunecell (e.g., T cell) 

comprising a first polypeptide comprising: i) a first target binding domain (e.g., an antibody moiety 

or fragment thereof), ii) a firstTLR transmembrane domain, and iii) a first TLR signaling domain; 

and b) a second polypeptide comprising: i) a second target binding domain (e.g., an antibody moiety 

or fragment thereof), ii) a second TLR transmembrane domain, and iii) a secondTLR 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 sone embodiments, 

the modified immune 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: i)a first target binding domain (e.g., an antibody moiety 

or fragment thereof), ii) a first TLR transmembrane domain, and iii) a first TLR signaling domain; 

b) a second polypeptide comprising: i) a second target binding domain (e.g., an antibody moiety or 

fragment thereof), ii) a second TLR transmembrane domain, and iii) a second TLR signaling 

domain; and c) 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 

inducing TLR signaling. In some embodiments, 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.  
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100691 Also provided are compositions (such as pharmaceutical compositions), kits and articles of 

manufacture comprising the modified immune cells, and methods of treating a disease or condition 

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

I. Definitions 

100701 As used herein, "treatment" or "treating" is an approach for obtaining beneficial or desired 

result, 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" is 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 

treatment.  

[0071] The term "prevent," and similar words such as"prevented," "preventing" etc., indicate an 

approach for preventing, inhibiting, or reducing the likelihood 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.  

[00721 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, 

15



WO 2023/020558 PCT/CN2022/113170 

but not limited to, computerized axial tomography (CATScan), Magnetic Resonance Imaging 

(MRI)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.  

100731 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 is an amount sufficient to delay disease development. In 

some embodiments, an effective amount is an amount sufficient to prevent or delay recurrence. An 

effective amount can be administered in one or more administrations. The effective amount of the 

drug or composition may: (i) reduce the number of cancer cells; (ii) reduce tumor size; (iii) inhibit, 

retard, slow to some extent and preferably stop cancer cell infiltration into peripheral organs; (iv) 

inhibit (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 (vii)relieve to some extent one 

or more of the symptoms associated with the cancer.  

[0074] As used herein, an "individual" or a "subject" refers to a mammal, including, but not 

limited to, human, bovine, horse, feline, canine, rodent, or primate. In some embodiments, the 

individual is a human.  

[00751 An "isolated" nucleic acid refers to a nucleic acid molecule that has been separated from a 

component of its 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 is 

present extrachromosomally or at a chromosomal location that is different from its natural 

chromosomal location.  

100761 The term "vector," as used herein, refers to a nucleic acid molecule capable of propagating 

another nucleic acid to which it is linked. The term includes the vector as a self-replicating nucleic 

acid structure as well as the vector incorporated into the genome of a host cell into which it has been 

introduced. 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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100771 The term "transfected" or "transformed" or "transduced" as used herein refers to a process 

by which a heterologous nucleic acid is transferred or introduced into the host cell. A "transfected" 

or "transformed" or "transduced" cell is one which has been transfected, transformed or transduced 

with a heterologous nucleic acid. The cell includes the primary subject cell and its progeny.  

100781 "Percent (%) amino 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 instance, using publicly available computer software such as 

BLAST, BLAST-2, ALIGN, Megalign (DNASTAR), or MUSCLE software. Those skilled in 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 identityvaluesaregeneratedusingthesequence 

comparison computer program MUSCLE (Edgar, R-C., Nucleic Acids Research 32(5):1792-1797, 

2004; Edgar, R.C., BMC Bioinjormvatics 5():113, 2004).  

[00791 "Chimericantigen 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 CAR comprises an extracellular variable domain of an antibody specific 

for a tumor antigen, and an intracellular signaling domain of a T cell or other receptors, such as one 

or more co-stimulatory domains. "CAR-T" refers to a T cell that expresses a CAR. As used herein, 

a"CLLI CAR'refers to a CAR that specifically recognizes CLL, a"CDI9 CAR" refers to aCAR 

that specifically recognizes CD19, a "GPC3 CAR" refers to a CAR that specifically recognizes 

GPC3, and a "BCMA CAR" refers to a CAR that specifically recognizes BCMA.  

100801 "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 in an MHC molecule. In some embodiments, the TCR comprises a TCRoc 

polypeptide chain and a TCR P polypeptide chain. In some embodiments, the TCR comprises a 
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TCRy polypeptide chain and aTCR 5 polypeptide chain. In some embodiments, theTCR 

specifically binds a tumor antigen. "TCR-T" refers to a T cell that expresses a recombinant TCR.  

[0081] "T-cell antigen coupler receptor" or "TAC receptor" as used herein refers to an engineered 

receptor comprising an extracellular antigen binding domain that binds to a specific antigen and a T

cell receptor (TCR) binding domain, a transmembrane domain, and an intracellular 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.  

100821 The term "antibody" herein is used in the broadest sense and encompasses various 

antibody structures, including 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., VIH.  

[00831 As use herein, the term "binds", "specifically binds to" 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 is less than about 10% of the binding of 

the antibody to the target as measured, e.g., by a radioimmunoassay (RIA). In certain embodiments, 

an antibody that specifically binds to a target has a dissociation constant (Kd) of I1 pM, 100 nM, 

< 10 nM, < I nM, or 0, 1 nM. In certain embodiments, an antibody specifically binds to an epitope 

on a protein that is conserved among the protein from different species. In another embodiment, 

specific binding can include, but does not require exclusive binding.  

100841 The term "cell" includes the primary subject cell and its progeny.  

[00851 It is understood that embodiments of the disclosure described herein include "consisting" 

and/or "consisting essentially of' embodiments.  
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100861 Reference to "about" 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 X" 

includes description of "X".  

[00871 As used herein, reference to "not" a value or parameter generally means and describes 

"other than" a value or parameter. For example, the method is not used to treat cancer of type X 

means the method is used to treat cancer of types other than X.  

100881 The term "about X-Y" used herein has the same meaning as"about X to about Y." 

[00891 As used herein and in the appended claims, the singular forms "a," "an," and "the" include 

plural referents unless the context clearly dictates otherwise.  

[0090] It is 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 explicitly disclosed. In 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 hereinjust as if 

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

IL Modified immune cells 

[0091] 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 a 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 mojety, wherein the TLR signaling moiety induces TLR signaling, resulting 

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

different.  
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100921 In some embodiments, the modified immune cells comprising the first and second TLR 

polypeptides have increased T-cell receptor (TCR) signal-induced T cell activation, function, and/or 

survival, compared to modified immune cells not comprising saidILR 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 saidTLR 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%. 70%, 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 individual compared to a modified immune cell that does comprise a TLR 

polypeptide. In some embodiments, the modified immune cell decrease exhaustion in vivo when 

administered to an individual compared to a modified immune cell that compared to a modified 

immune cell that does comprise a TLR polypeptide. In some embodiments, the TLR polypeptide is 

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 cytotoxicTcell, a helper T cell, a natural killer (NK) cell, an NK-cell, an 

iNK-T cell, an NK-T like cell, an cepTcell and a S6T cell.  

[0093] In some embodiments, there is provided a modified immune cell comprising a) a first 

polypeptide comprising: i) a first target binding domain, ii) a first TLR transmembrane domain, and 

iii)afirst TLR signaling domain; and b) a second polypeptide comprising: i) a second target binding 

domain, ii) a second TLR transmembrane domain, and iii) 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 inducing TLR signaling. In 

some embodiments, the firstTLR 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 sameTLR 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 firstTLR 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 firstTLR signaling domain and the 

second'TLR signaling domain are different. In some embodiments, theTLR molecule(s) is selected 

from the group consisting of TLR1, TLR2, TLR3, TLR4. TLR5, TLR6, TLR7, TLR8, and TLR9, 

such as TLRl, TLR2, TLR4 or TLR6. 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 NK-T like cell, an etpT cell and a yST cell.  

[0094] In some embodiments, there is provided a modified immune cell comprising a) a first 

polypeptide comprising: i) a first target binding domain, ii) a first TLR transmembrane domain, and 

iii) a first TLR signaling domain; and b) a second polypeptide comprising: i) a second target binding 

domain, ii) a second TLR transmembrane domain, and iii) 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 forin a TLR signaling moiety 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 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 
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(TAC) receptor. In some embodiments, the modified immune cell is selected from the group 

consisting of a cytotoxic T cell, a helper Tcell, a natural killer (NK) cell, an NK-cell, an iNK-T cell, 

an NK-T like cell, an ap'T cell and a yT cell.  

[0095] In some embodiments, there is provided a modified immune cell comprising a) a first 

polypeptide comprising: i) a first target binding domain, ii) a first TLR transmembrane domain, and 

iii)afirstTLRsignaling domain; and b) a second polypeptide comprising: i) a second target binding 

domain, ii) a second TLR transmembrane domain, and iii) 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 capableofinducing TLRsignaling 

wherein the first TLR transmembrane domain and the first TLR signaling domain are derived from 

TL.R2, and wherein the second TLR transmembrane domain and the second TLR signaling domain 

are derived from TLRI, or wherein the first TLR transmembrane domain and the first TLR 

signaling domain are derived from TLRI, and wherein the second TLR transmembrane domain and 

the second TLR signaling domain are derived fromTLR2. 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, anNK-cell, an iNK-T cell, an NK-T like 

cell, an cPT cell and ayT cell.  

100961 In some embodiments, there is provided a modified immune cell comprising a) a first 

polypeptide comprising: i) a first target binding domain, ii) a first TLR transmembrane domain, and 

iii) a first TLR signaling domain; and b) a second polypeptide comprising: i) a second target binding 

domain, ii) a second TLR transmembrane domain, and iii) 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 moety capable of inducing TLR signaling; 

wherein the first TLR transmembrane domain and the first TLR signaling domain are derived from 

22



WO 2023/020558 PCT/CN2022/113170 

TLR6, and wherein the second TLR transmembrane domain and the second TLR signaling domain 

are derived from TLR2, or wherein the firstTLR transmembrane domain and the first TLR 

signaling domain are derived fromTLR2, and wherein the second TLR transmembrane domain and 

the second TLR signaling domain are derived fromTLR6. 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, anNK-cell, an iNK-T cell, an NK-T like 

cell, an cPT cell and ayST cell.  

100971 In some embodiments, there is provided a modified immune cell comprising a) a first 

polypeptide comprising: i) a first target binding domain, ii) a first TLR transmembrane domain, and 

iii) a firstTLR signaling domain; and b) a second polypeptide comprising: i) a second target binding 

domain, ii) a secondTLR transmembrane domain, and iii) 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 mojety capable of inducing TLR signaling, and 

wherein 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 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 TGFf-binding domain of a TGF (e.g., TGFfR1 and/or TGFR2). 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 and/or second target binding domain 

specificalybinds to CD33, CLIL, CD123, CD19, CD20, CD22, BCMA, GPRC5D, NKG2D, or 

GPC3. 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. 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 
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the first polypeptide and/or the second polypeptide is selected from the group consisting of PD-1, 

CD70, CD27, SIRI', and TIGIT. In some embodiments according to any of one the modified 

immune cells described above, the target molecule is 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 NKG2D comprises a truncated sequence 

and/or an amino acid substitution, mutation, addition, and/or deletion. In some embodiments, the 

target molecule is 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 intracellular domain of a first cytokmne 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 Tcell, a helper Tcell, a natural killer (NK) cell, an NK-cell, an iNK-T cell, an NK-T like 

cell, an apT cell and a y6T cell.  

[00981 In some embodiments, there is provided a modified immune cell (e.g., T cell) comprising 

a) a first polypeptide comprising: i) a first target binding domain, ii) a first TLR transmembrane 

domain, and iii) a first TLR signaling domain; and b) a second polypeptide comprising: i) a second 

target binding domain, ii) a second TLR transmembrane domain, and iii) 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 aTLR 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 polypeptide and the second 

polypeptide do not comprise an extracellular TGFO-binding domain of a TGF (e.g., TGFORI 

and/or TGF fR2). In some embodiments, the first target binding domain and/or the second target 

binding domain is an antibody moiety or antigen-binding fragment thereof. Insome 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 
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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 

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 NKG2D. In some 

embodiments, the first target binding domain and second target binding domain specifically 

recognize a subunit of GPRC5D. 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, CLL1, BCMA, or GPC3. In some embodiments, the engineered receptor is a CAR, 

such as a CD19 CAR, a CLII 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 is an engineered TCR. In 

some embodiments, the engineered receptor is a 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 etpT cell and a yST cell.  

[0099] In some embodiments, there is provided a modified immune cell (e.g., T cell) comprising 

a) a first polypeptide comprising: i) a first target binding domain, ii) a first TLR transmembrane 

domain, and iii) a first TLR signaling domain; and b) a second polypeptide comprising: i)a second 

target binding domain, ii) a second TLR transmembrane domain, and iii) 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 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 TGF -binding domain of a TGF (e.g., TGFIR and/or TGFR2).  

In some embodiments, the first target binding domain and/or the second target binding domain is 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 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 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 

NKG2D. In some embodiments, the first target binding domain and second target binding domain 

specifically recognize a subunit of GPRC5D. 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, CLl1, GPC3, and BCMA. In some embodiments, 

the engineered receptor is a CAR, such as a CDl9 CAR, a CLLi 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 is an engineered TCR, In some embodiments, the engineered receptor is a TAC receptor. In 

some embodiments, the modified immune cell is selected from the group consisting of a cytotoxic T 

cell, a helper Tcell, a natural killer (NK) cell, an NK-cell, an iNK-T cell, an NK-T like cell, an opT 

cell and a yST cell.  

1001001 In some embodiments, there is provided a modified immune cell comprising a) a first 

polypeptide comprising: i) a first target binding domain, ii) a first TLR4 transmembrane domain, 

and iii) a firstTLR4 signaling domain; and b) a second polypeptide comprising: i) a second target 

binding domain, ii) a secondTLR4 transmembrane domain, and iii) 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 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 TGF (e.g., TGFR1 
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and/orTGF FR2). 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 moiety 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 seFv that specifically binds to GPR C5D. 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 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 

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-Tcell, an NK-T like cell, an cp3T cell and a ySTcell.  

[00101] In some embodiments, there is provided a modified immune cell comprising a) a first 

polypeptide comprising: i) a first target binding domain, ii) a first TLR2 transmembrane domain, 

and iii) a first TLR2 signaling domain; and b) a second polypeptide comprising i) a second target 

binding domain, ii) a second TLRI transmembrane domain, and iii) a second TLR1 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 TLR2 signaling domain and 

the second'TLRI 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 TGF3-binding domain of a TGF (e.g., TGFPR1 

and/orTGF1DR2). In some embodiments, the first target binding domain and/or the second target 
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binding domain is an antibody moiety 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 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 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 aT-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, anNK-cell, an 

iNK-T cell, an NK-T like cell, an cf3T cell and a vcT cell.  

[001021 In some embodiments, there is provided a modified immune cell (e.g.,T cell) comprising 

a) a first polypeptide comprising: i) a first target binding domain, ii) a firstTLR transmembrane 

domain, and iii) a firstTLR signaling domain; and b) a second polypeptide comprising: i) a second 

target binding domain, ii) a second TLR transmembrane domain, and iii) 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 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 TGFf-binding domain of a 

TGFf3 (e.g., TGFf3R and/or TGF$R2). 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 Tcell, a helper Tcell, a 

natural killer (NK) cell, an NK-cell, an iNK-Tcell, an NK-T like cell, an apT cell and a y6T cell.  

[00103] In some embodiments, there is provided a modified immune cell (e.g., T cell) comprising 

a) a first polypeptide comprising:i) a first target binding domain, ii) a first TLR transmembrane 

domain,andiii)afirstTLR signaling domain; and b) a second polypeptide comprising: i) a second 

target binding domain, ii) a second TLR transmembrane domain, and iii) a second TLR signaling 

domain, wherein the first polypeptide comprises from the N-terminus to the C-terminus: a signal 

peptide, an anti-NKG2D extracellular domain (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 aTLR signaling moiety capable of inducing TLR signaling. In 

some embodiments, the first polypeptide and the second polypeptide do not comprise an 

extracellularTGF -binding domain of a TGF (e.g., TGF3RI and/orTGFpR2). 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 NK-T like cell, an cfpT cell and ay6T cell.  

[001041 In some embodiments, there is provided a modified immune cell (e.g.,T cell) comprising 

a) a first polypeptide comprising: i) a first target binding domain, ii) a firstTLR transmembrane 

domain, and iii) a first TLR signaling domain; and b) a second polypeptide comprising: i) a second 

target binding domain, ii) a second TLR transmembrane domain, and iii) a second TLR. signaling 

domain, wherein the first 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 TLR4), and the second polypeptide comprises from the N-terminus 

29



WO 2023/020558 PCT/CN2022/113170 

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 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 TGF P-binding domain of a 

TGFP (e.g., TGFRI and/orTGFOR2). 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 NK-T like cell, an cpT cell and ay6T cell.  

100105 In some embodiments, there is provided a modified immune cell (e.g., Tcell) comprising 

a) a first polypeptide comprising: i) a first target binding domain, ii) a first TLR transmembrane 

domain, and iii) a first TLR signaling domain; and b) a second polypeptide comprising: i) a second 

target binding domain, ii) a second TLR transmembrane domain, and iii) a second TLR signaling 

domain, wherein the first polypeptide comprises from the N-terminus to the C-terminus: a signal 

peptide, an anti-BCMA sdAb, a TIR4 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-BCIA 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 

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 TGFf3-binding domain of a 

TGFP (e.g., TGFR1 and/orTGFR2). 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 
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(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 helperTcell, a 

natural killer (NK) cell, an NK-cell, an iNK-T cell, an NK-T like cell, an .pT cell and a 6T cell.  

[00106] In some embodiments, there isprovided a modified immune cell (e.g., T cell) comprising 

a) a first polypeptide comprising: i) a first target binding domain, ii) a first TLR transmembrane 

domain, and iii) a first TLR signaling domain; and b) a second polypeptide comprising: i) a second 

target binding domain, ii) a second TLR transmembrane domain, and iii) 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-CD33 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 

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 TGF 3-binding domain of a 

TGF P(e.g. TGF PR Iand/or TGF R2). 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 NK-T like cell, an c43T cell and a ST cell.  

[001071 In some embodiments, there is provided a modified immune cell (e.g.,T cell) comprising 

a) a first polypeptide comprising: i) a first target binding domain, ii) a firstTLR transmembrane 

domain, and iii) a first TLR signaling domain; and b) a second polypeptide comprising: i) a second 

target binding domain, ii) a second TLR transmembrane domain, and iii) 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 TLR2 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, aTLR 

transmembrane domain, and a TLR1 signaling domain (e.g., the cytoplasmic portion of TLRi), 

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 aTLR signaling moiety capable of inducing TLR signaling. In 

some embodiments, the first polypeptide and the second polypeptide do not comprise an 

extracellularTGF -binding domain of a TGF (e.g., TGF3RI and/orTGF$R2). 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 NK-T like cell, an cpT cell and ay6T cell.  

[001081 In some embodiments, there is provided a modified immune cell (e.g.,T cell) comprising 

a) a first polypeptide comprising: i) a first target binding domain, ii) a first TLR transmembrane 

domain, and iii) a first TLR signaling domain; and b) a second polypeptide comprising: i) a second 

target binding domain, ii) a second TLR transmembrane domain, and iii) 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 moiety capable of inducing TLR signaling. In some embodiments, 

the first polypeptide and the second polypeptide do not comprise an extracellular TGF3-binding 

domain of a TGFf (e.g., TGFf3R1 and/or TGFfR2). 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 moiety 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 GPRC5D. In some embodiments, the first target binding 

domain and the second target binding domain are each a sdAb that specifically binds to BCMIA. 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 extracellular domain specifically recognizing any of CD19, CLL1, GPC3, 

and BCMA. In some embodiments, the engineered receptor is a CAR, such as a CD19 CAR, a 

CLLi CAR, a GPC3 CAR, or a BCIA CAR (e.g., a single BCMA CAR or a tandem BCMTA 

CAR). In some embodiments, the engineered receptor is an engineered TCR In some embodiments, 

the engineered receptor is a TACreceptor. 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 oxPTcell and ayST cell.  

[00109] In some embodiments, there is provided a modified immune cell (e.g., T cell) comprising 

a) a first polypeptide comprising: i) a first target binding domain, ii) a first TLR4 transmembrane 

domain, and iii) a first TLR4 signaling domain; and b) a second polypeptide comprising i) a second 

target binding domain, ii) a second TLR4 transmembrane domain, and iii a second TLR4 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 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 extracellularTGFU-binding domain of a 

TGFP (e.g., TGFR1 and/or TGFR2). In some embodiments, the first target binding domain and 

the second target binding domain are each an extracellular NKG2D-binding domain of NKG2D. In 
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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 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 specifically binds to GPRC5D. 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 

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-Tcell, an NK-T like cell, an cp3T cell and a ySTcell.  

[00110] In some embodiments, there is provided a modified immune cell comprising a) a first 

polypeptide comprising: i) a first target binding domain, ii) a first TLR2 transmembrane domain, 

and iii) a first TLR2 signaling domain; and b) a second polypeptide comprising i) a second target 

binding domain, ii) a secondTLR-1 transmembrane domain, and iii) a second TLRI 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 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 TLRI signaling domain associate with each other to 

form aTLR signaling moiety capable of inducing TLR signaling. In some embodiments, the first 

polypeptide and the second polypeptide do not comprise an extracellularTGFr3-binding domain of a 

TGFP (e.g., TGFR1 and/orTGFR2). 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 
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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 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 

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 aT-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 cpT cell and a yST cell.  

1001111 In some embodiments, there is provided a modified immune cell (e.g., T cell) comprising 

a) a first polypeptide comprising: i) a first target binding domain, ii) a first TLR transmembrane 

domain, and iii) a firstTLR signaling domain; and b) a second polypeptide comprising: i) a second 

target binding domain, ii) a second TLR transmembrane domain, and iii) 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-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 TGFp-binding domain of a TGFr (e.g.,TGFURI and/orTGFr3R2). 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 engineeredTCR, or a T-cell 

antigen coupler (TAC) receptor. In some embodiments, the modified immune cell is selected from 

the group consisting of a cytotoxic Tcell, a helper Tcell, a natural killer (NK) cell, an NK-cell, an 

iNK-T cell, an NK-T like cell, an apT cell and a yTcell.  

[00112] In some embodiments, there is provided a modified immune cell (e.g., T cell) comprising 

a) a first polypeptide comprising:i) a first target binding domin, ii) a first TLR transmembrane 

domain, and iii) a first TLR signaling domain; and b) a second polypeptide comprising: i) a second 

target binding domain, ii) a second TLR transmembrane domain, and iii) 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-NKG2D 

ECD, a TLR4 transmembrane domain, and a TLR4 signaling domain (e.g., the cytoplasmic portion 

ofTLR4), 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 aTLR4 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 TGF P-binding domain of a TGF (e.g., TGF RI and/or TGF R2). 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 immnme 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 cpT cell and a/ST cell.  

[00113] In some embodiments, there is provided a modified immune cell (e.g., T cell) comprising 

a) a first polypeptide comprising: i) a first target binding domain, ii) a first TLR transmembrane 

domain, and iii) a first TLR signaling domain; and b) a second polypeptide comprising: i) a second 
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target binding domain, ii) a second TLR transmembrane domain, and iii) 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-BCMA 

sdAb, aTLR4 transmembrane domain, and a TLR4 signaling domain (e.g., the cytoplasmic portion 

ofTLR4), 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 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 TGF P-binding domain of a TGF (e.g., TGF RI and/or TGF R2). 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 NK-T like cell, an cepT cell and a/ST cell.  

[00114] In some embodiments, there is provided a modified immune cell (e.g., T cell) comprising 

a) a first polypeptide comprising: i) a first target binding domain, ii) a first TLR transmembrane 

domain, and iii) a first TLR signaling domain; and b) a second polypeptide comprising: i) a second 

target binding domain, ii) a second TLR transmembrane domain, and iii) 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-GPRC5D 

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-GPRC5D scFv, a TLR4 transmembrane domain, and aTLR4 signaling domain 

(e.g., the cytoplasmic portion of TLR4), andwherein 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 aTLR signaling moiety 

capable of inducing TLR signaling. In some embodiments, the first polypeptide and the second 

polypeptide do not comprise an extracellularTGFP-binding domain of aTGFP (e.g.,TGFPR1 

and/or TGFOR2). 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-cel, an iNK-T cell, an NK-T like cell, an u PT cell and a yT cell.  

1001151 In some embodiments, there is provided a modified immune cell (e.g., T cell) comprising 

a) a first polypeptide comprising: i) a first target binding domain, ii) a first TLR transmembrane 

domain, and iii) a firstTLR signaling domain; and b) a second polypeptide comprising: i) a second 

target binding domain, ii) a second TLR transmembrane domain, and iii) 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-CD33 sdAb, 

aTLR4 transmembrane domain, and a TLR4 signaling domain (eg., 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 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 TGFf-binding domain of a TGF (e.g.,TGFRI and/orTGFr3R2). In 

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 helperT cell, a natural killer (NK) cell, an NK-cell, an 

iNK-T cell, an NK-T like cell, an a3T cell and a yST cell.  

[001161 In some embodiments, there is provided a modified immune cell (e.g., T cell) comprising 

a) a first polypeptide comprising: i) a first target binding domain, ii) a first TLR transmembrane 

domain, and iii) a first TLR signaling domain; and b) a second polypeptide comprising: i) a second 

target binding domain, ii) a second TLR transmembrane domain, and iii) 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-CD33 V 

domain sdAb, a TLR2 transmembrane domain, and a TLR2 signaling domain (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 C2 domain sdAb, a TLR1 transnembrane domain, and a TLR1 

signaling domain (e.g., the cytoplasmic portion of TLRI), 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 TGF[3-binding domain of a TGFf3 (e.g.  

TGFfR1 and/or TGFf3R2). 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 Tcell, a helper T cell, a natural killer (NK) cell, 

an NK-cell, an iNK-T cell, an NK-T like cell, an cupT cell and a yST cell.  
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1001171 In some embodiments, there is provided a modified immune cell (e.g., T cell) comprising a 

a) a first polypeptide comprising: i) a first target binding domain, ii) a first TLR transmembrane 

domain, and iii) a first TLR signaling domain; b) a second polypeptide comprising: i) a second 

target binding domain, ii) a second TLR transmembrane domain, and iii) a second TLR signaling 

domain; and c) 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 is different from 

the target molecule of the second polypeptide. In some embodiments, the engineered receptor 

comprises an extracellular domain specifically recognizing the same target molecule as the second 

polypeptide, which is different from the target molecule of the first polypeptide. In some 

embodiments, the first polypeptide and the second polypeptide do not comprise an extracellular 

TGFi-binding domain of a TGFf3 (e.g., TGFR1 and/or TGFf3R2). 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 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 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 specifically recognize a subunit of CD20. In some 

embodiments, 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. 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 
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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, CLLI, GPC3 and BCMA. In some 

embodiments, the engineered receptor is a CAR, such as a CD19 CAR, a CLL1 CAR, a GPC3 CAR 

or a BCVA 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 

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 aT cell and a y6T cell.  

1001181 In some embodiments, there is provided a modified immune cell (e.g., T cell) comprising 

a) a first polypeptide comprising: i) a first target binding domain, ii) a first TLR4 transmembrane 

domain, and iii) a first TLR4 signaling domain; b) a second polypeptide comprising: i) a second 

target binding domain, ii) a second TLR4 transmembrane domain, and iii) a second TLR4 signaling 

domain; and c) 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 TLRA 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 TGFf-binding domain of a TGF (e.g., TGFPR1 and/or TGF PR2). 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 moiety 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 specifically binds to GPRC5D. 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 
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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 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 is 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 cytotoxicT cell, a helperT cell, a natural killer (NK) cell, 

an NK-cell, an iNK-T cell, anNK-T like cell, an aJT cell and a y6T cell.  

[001191 In some embodiments, there is provided a modified immune cell comprising a) a first 

polypeptide comprising: i) a first target binding domain, ii) a firstTLR2 transmembrane domain, 

and iii) a first TLR2 signaling domain; b) a second polypeptide comprising: i) a second target 

binding domain, ii) a second TLRI transmembrane domain, and iii) a second TLRI signaling 

domain; and c) 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 TLRI 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 TGF P-binding domain of a TGF 0(e.g., TGF R Iand/or TGF R2). 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 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 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 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 is 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 is selected from the group consisting of a cytotoxic T cell, a helperTcell, a 

natural killer (NK) cell, an NK-cell. an iNK-T cell, an NK-T like cell, an .pT cell and a 6T cell.  

[00120] In some embodiments, there isprovided a modified immune cell (e.g., T cell) comprising 

a) a first polypeptide comprising: i) a first target binding domain, ii) a first TLR transmembrane 

domain, and iii) a first TLR signaling domain; b) a second polypeptide comprising: i) a second 

target binding domain, ii) a second TLR transmembrane domain, and iii) a second TLR signaling 

domain; and c) 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 

anti-CD20 scFv, aTLR4 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 TGF-binding domain of a 

TGF P(e.g., TGFF RI and/or TGF PR2). 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 is 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 NKcell, an iNK-T cell, 

an NK-Tlike cell, an apTcell and a yoT cell.  

[00121] In some embodiments, there is provided a modified immune cell (e.g., T cell) comprising 

a) a first polypeptide comprising: i) a first target binding domain, ii) a first TLR transmembrane 

domain, and iii) a first TLR signaling domain; b) a second polypeptide comprising: i) a second 
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target binding domain, ii) a second TLR transmembrane domain, and iii) a second TLR signaling 

domain; and c) 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 

anti-NKG2D ECD, aTLR4 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, aTLR4 transmembrane domain, and aTLR4 

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 TGFf-binding domain of a 

TGFf3 (e.g., TGFf3R1 and/or TGF 3R2). 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 is 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 Tcell, a helper T cell, a natural killer (NK) cell, an NK-cell, an iNK-Tcell, 

an NK-T like cell, an cepT cell and a/bST cell.  

[00122] In some embodiments, there is provided a modified immune cell (e.g., T cell) comprising 

a) a first polypeptide comprising:i) a first target binding domain, ii) a first TLR transmembrane 

domain, and iii) a first TLR signaling domain; b) a second polypeptide comprising: i) a second 

target binding domain, ii) a second TLR transmembrane domain, and iii) a second TLR signaling 

domain; and c) 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-GPRC5D 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-GPRC5D scFv, aTLR4 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 inducingTLR signaling. In some embodiments, the first 

polypeptide and the second polypeptide do not comprise an extracellular TGF P-binding domain of a 

TGFP (e.g., TGFRI and/orTGFPR2). 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 is 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 c43T cell and avST cell.  

1001231 In some embodiments, there is provided a modified immune cell (e.g., Tcell) comprising 

a) a first polypeptide comprising: i) a first target binding domain, ii) a first TLR transmembrane 

domain, and iii) a first TLR signaling domain; b) a second polypeptide comprising: i) a second 

target binding domain, ii) a second TLR transmembrane domain, and iii a second TLR signaling 

domain; and c) 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 

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, aTLR4 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 

45



WO 2023/020558 PCT/CN2022/113170 

TLR signaling moiety capable of inducingTLR signaling. In some embodiments, the first 

polypeptide and the second polypeptide do not comprise an extracellularTGFr3-binding domain of a 

TGFP (e.g., TGF R1 and/or TGFR2). 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 is 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 cytotoxicT cell, a helperT cell, a natural killer (NK) cell, an NK-cell, an iNK-Tcell, 

an NK-T like cell, an a3T cell and a y6T cell.  

1001241 In some embodiments, there is provided a modified immune cell (e.g., T cell) comprising 

a) a first polypeptide comprising: i) a first target binding domain, ii) a first TLR transmembrane 

domain, and iii) a first TLR signaling domain; b) a second polypeptide comprising: i) a second 

target binding domain, ii) a second TLR transmembrane domain, and iii) a second TLR signaling 

domain; and c) 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 

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 

signaling domain (eg., 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 TGFf3-binding domain of a 

TGFP (e.g., TGF R1 and/or TGFPiR2). 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 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 cytotoxicT cell, a helperTcell, a natural killer (NK) cell, an NK-cell, an iNK-T cell, 

an NK-T like cell, an apT cell and a yTcell.  

[00125] In some embodiments, there isprovided a modified immune cell (e.g., T cell) comprising 

a) a first polypeptide comprising: i) a first target binding domain, ii) a first TLR transmembrane 

domain, and iii) a first TLR signaling domain; b) a second polypeptide comprising: i) a second 

target binding domain, ii) a second TLR transmembrane domain, and iii) a second TLR signaling 

domain; and c) 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 

anti-CD33 V domain sdAb, aTLR2 transmembrane domain, and a TLR2 signaling domain (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 C2 domain sdAb, aTLR1 transmembrane domain, and a 

TLRi signaling domain (e.g., the cytoplasmic portion of TLRi), 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 TGF-binding domain of a 

TGF P(e.g., TGFF RI and/or TGF PR2). 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 is 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 NKcell, an iNK-T cell, 

an NK-Tlike cell, an apTcell and a yoT cell.  

[00126] In some embodiments, there is provided a CAR-expressing immune cell (e.g., CAR-T cell) 

comprising a) a first polypeptide comprising: i) a first target binding domain, ii) a first TLR 

transmembrane domain, and iii) a first TLR signaling domain; and b) a second polypeptide 
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comprising i) a second target binding domain, ii) a second TLR transmembrane domain, and iii) 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 

inducing 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 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 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 CAR comprises an extracellular domain 

specifically recognizing any of CD19, CLL1, GPC3, and BCMA (e.g., a single BCl\M CAR or a 

tandem BCMA CAR). 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 

is selected from the group consisting of a cytotoxic Tcell, a helperTcell, a natural killer (NK) cell, 

an NK-cell, an iNK-T cell, an NK-T like cell, an aPT cell and a yST cell.  

[001271] In some embodiments, there is provided a TCR-expressing immune cell (e.g., TCR-T cell) 

comprising a) a first polypeptide comprising: i) a first target binding domain, ii) a first TLR 

transinembrane domain, and iii) a first TLR signaling domain; and b) a second polypeptide 

comprising i)asecond target binding domain, ii) a second TLR transmembrane domain, and iii) 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 moiety capable of 

inducing 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 extracellular 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., a single BCMA TCR or a 

tandem BCMA TCR). 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 

is selected from the group consisting of a cytotoxic Tcell, a helperTcell, a natural killer (NK) cell, 

an NK-cell, an iNK-T cell, an NK-T like cell, an aPT cell and a yST cell.  

[00128] In some embodiments, there is provided a TAC-expressing immune cell (e.g., TAC-T cell) 

comprising a) a first polypeptide comprising: i) a first target binding domain, ii) a first TLR 

transmembrane domain, and iii) a first TLR signaling domain; and b) a second polypeptide 

comprisingi)a second target binding domain, ii)a second TLR transmembrane domain, andiii)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 
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inducing 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 extracellular domain 

specifically recognizing any of CD19, CL[, GPC3, and BCMA (e.g., a single BCMA TAC or a 

tandem BCMA TAC). 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 

is selected from the group consisting of a cytotoxic Tcell, a helperTcell, a natural killer (NK) cell, 

an NK-cell, an iNK-Tcell, an NK-T like cell, an apTcell and a ySTcell.  

[00129] In some embodiments, there is provided a CAR-expressing immune cell (e.g., CAR-T cell) 

comprising a first polypeptide comprising: i) a first target binding domain (e.g., an antibody moiety 

or antigen binding fragment thereof), ii) a first TLR4 transmembrane domain, and iii) a first TLR4 

signaling domain, and b) a second polypeptide comprising: i) a second target binding domain (e.g., 

an antibody moiety or antigen binding fragment thereof), ii) a second TLR4 transmembrane domain, 

and iii) a second TLR4 signaling domain, wherein upon binding of the target binding domain and 

second target binding domain to their corresponding target, the firstTLR4 signaling domain and the 

second TLR4 signaling domain associate with each other to form a 'LR4 signaling moiety capable 

of inducingTLR4 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, 

aTLR4 transmembrane domain, and aTLR4 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, aTLR4 

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-GPRC5D scFv,, aTLR4 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-NKG2D 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 

immune cell expresses an anti-CD19 CAR. 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 CD8. transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB (CD37) co

mulator signaling domain, and a CD3( primary intracellular 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 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

CLLI CAR. In some embodiments, the anti-CLLI CAR comprises from the N-terminus to the C

terminus: a signal peptide, an anti-CLLi sdAb, a CD28a hinge domain, a CD28a transmembrane 

(TM) domain, the cytoplasmic portion of the CD28 co-stimulatory signaling domain, and a CD3Q 

primary intracellular signaling domain. In some embodiments, the anti-CLLI 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 embodiments, the anti-CLL1 CAR comprises SEQ ID NO: 4. In some 

embodiments, the modified immune cell expresses an anti-BCMA CAR (e.g., a single antiBCMA 

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 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%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 

98%, 99%, or higher) sequence identity to SEQ ID NO: 67. In some embodiments, the anti-BCMA 

CAR comprises SEQ ID NO: 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%, 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 anti-BCMA 

CAR comprises from the N-terminus to the C-terminus: a signal peptide, a tandem anti-BCMA 

sdAb, a CD8i hinge domain, a CD8a transmenbrane (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 NO: 66. In some embodiments, 

the anti-BCMA CAR comprises SEQ ID NO: 66. 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 CD8a hinge domain, a CD8a 

transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB (CDI37) 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%, 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: 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%, 
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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 CD8a transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB 

(CD137) co-stimulatory signaling domain, and a CD31 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 

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: I. 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-CLLi 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-CLLI 

sdAb, a CD8i 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 identity to SEQ ID NO: 71. In some embodiments, the 

CAR fusion construct comprises SEQ ID NO: 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-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-IBB (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-NKG2D ECD, a TLR4 transmnembrane (TM) 

region, and the cytoplasmic portion of TLR4 (e.g., TLR4 primary intracellular signaling domain). In 

omeembodiments,theCAR 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: 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 CD8a transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB 

(CD137) co-stimulatory signaling domain, and a CD3L primary intracellular signaling domain, a 

P2A cleavage site, a signal peptide, an anti-NKG2D ECD, a CD8a hinge domain, a TLRA 

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 havingat 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: 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 CD8a hinge domain, a CD8a transmembrane (TM) domain, the 

cytoplasmic portion of the 4-iBB (CD137) co-stimulatory signaling domain, and a CD3( primary 

intracellular signaling domain, a 12A 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 NO: 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 (ITI) 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 
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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 

anaminoacidsequence 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: 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, from the N-terminus to the C-terminus: a signal peptide, a single anti

BCMA sdAb, a CD8a hinge domain, a CD8a transnembrane (TM) domain, the cytoplasmic 

portion of the 4-BB (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 (TT) 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 havingat 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 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 CD8u hinge domain, a CD8a transiembrane (TM) domin, 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 

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 

constructcomprise anaminoacid 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 CD8. hinge domain, a CD8a 

transmembrane (TM)domain, the cytoplasmic portion of the 4-IBB (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 CD28u hinge domain, aTLR4 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: 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-IBB 

(CD137) co-stimulatory signaling domain, and a CD3L primary intracellular signaling domain, a 

P2A cleavage site, a signal peptide, a tandem anti-BCMA sdAb, a TLR4 transmrnembrane (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: 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-terminus: a signal peptide, a tandem anti-BCMA sdAb, a CD8u 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-GPRC5D scFv, aTLR4 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: 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-IBB 

(CD137) co-stimulatory signaling domain, and a CD3L primary intracellular signaling domain, a 
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P2A cleavage site, a signal peptide, an anti-GPRC5D 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-terminus: a signal peptide, a 

tandem anti-BCMA sdAb, a CD8a hinge domain, a CD8a transmembrane (TM) domain, the 

cytoplasmic portion of the 4-iBB (CD137) co-stimulatory signaling domain, and a CD3( primary 

intracellular signaling domain, a P2A cleavage site, a signal peptide, an anti-GPRC5D seFv, a 

CD28a hinge domain, a TLR4 transmembrane (TM) region, and the cytoplasmic portion of TLR4 

(eg., 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: 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 intraceullar 

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 etpT cell and a y6T cell.  

[00130] In some embodiments, there is provided a CAR-expressing immune cell (e.g., CAR-T cell) 

comprising a) a first polypeptide comprising: i) a first target binding domain (e.g., an antibody 

moiety or antigen binding fragment thereof), ii) a TLR2 transmembrane domain, and iii) a first 

TLR2 signaling domain; and b) a second polypeptide comprising: i) a second target binding domain 

(e.g., an antibody moiety or antigen binding fragment thereof), ii) a TLR transmembrane domain, 

and iii) a TLR1 signaling domain, wherein upon binding of the first target binding domain and 

second target binding domain to their corresponding target, the TLRI signaling domain and the 

TLR2 signaling domain associate with each other to form a TLR signaling moiety capable of 

inducing TLR signaling. In some embodiments, the first polypeptide and/or the second polypeptide 

further comprises a signal peptide (e.g., 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 TLR2 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 C-terminus: a 

signal peptide, an anti-CD33 C2 domain sdAb, a TLRI transmembrane domain, and aTLRi 

signaling domain (e.g., the cytoplasmic portion of TLRI). In some embodiments, the modified 

immune cell expresses an anti-CLLI CAR. In some embodiments, the modified immune cell 

expresses an anti-CLLI/CD33 dual CAR. In some embodiments, the anti-CLLI/CD33 dual CAR 

comprises from the N-terminus to the C-terminus: a signal peptide, an anti-CLLI sdAb, an anti

CD33 V domain 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 

intracellular 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 identity to SEQ 

ID NO: 43. In some embodiments the anti-CLLI/CD33 dual CAR comprises SEQ ID NO: 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 

polypeptide comprises SEQ ID NO: 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%, 91%, 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 modified immune cell comprises a CAR system (e.g., a CAR fusion construct), 

wherein the CAR fusion construct comprises an anti-CLLI 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-terminus: a signal peptide, an anti-CLLI sdAb, a 

CD28a hinge domain, a CD28a transmembrane (TM)domain, the cytoplasmic portion of the CD28 

co-stimulatory signaling domain, and a CD3; primary intracellular signaling domain, a P2A 

cleavage site, a signal peptide, an anti-CD33 V domain sdAb,, aTLR2 transmembrane domain, a 

TLR2 signaling domain (e.g., the cytoplasmic portion of TLR2), a P2A cleavage site, a signal 

peptide, an anti-CD33 C2 domain sdAb. aTLR1 transmembrane domain, and aTLR1 signaling 
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domain (e.g., the cytoplasmic portion of TLR). In some embodiments, the CAR fusion construct 

comprises anamino 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: 3. In some embodiments the CAR fusion construct comprises SEQ ID NO: 

3. 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 is selected from the 

group consisting of a cytotoxic Tcell, a helper Tcell, a natural killer (NK) cell, an NK-cell, an iNK

T cell, an NK-T like cell, an a3T cell and a y6T cell.  

Immune cells 

[001311 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 is a human cell. In some embodiments, the modified immune cell is allogenic (i.e., from the 

same species, but different donor) as the recipient individual. In some embodiments, the modified 

immune cell is 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 is derived from a primary cell. In some 

embodiments, the modified immune cell is a primary cell isolated from an individual. In some 

embodiments, the modified immune cell is propagated (such as proliferated and/or differentiated) 

from a primary cell isolated from an individual. In some embodiments, the primary cell is of the 

hematopoietic lineage. In some embodiments, the primary cell is 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 is obtained from the spleen. In some 

embodiments, the primary cell is 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 is a Peripheral Blood Mononuclear Cell (PBMC). In some embodiments, the primary 

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

some embodiments, the primary cell is obtained from a biopsy sample.  

1001331 In some embodiments, the modified immune cell is 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 is 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 is immortalized. In some embodiments, the cell line is a tumor cell line, 

such as a leukemia or lymphoma cell line. In some embodiments, the cell line is a cell line derived 

from the PBMC. In some embodiments, the cell line is a stem cell line. In some embodiments, the 

cell line is selected from the group consisting of HEK293-6E cells, NK-92 cells, and Jurkat cells.  

[00134] Exemplary immune cells useful forthe 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 lymphocytes (TIL), and lyphokine-activated killer 

(LAK) cells), B cells, Natural Killer (NK) cells, monocytes, macrophages, neutrophils, 

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, CD8, 

CD19, CD20, CDIIc, CD123, CD56, CD34, CD14, C.D33, etc.). 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 

immune 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 is 

present in a heterogeneous cell population that is enhanced in the immune cell. In some 

embodiments, the modified immune cell is a lymphocyte. In some embodiments, the modified 

immune cell is not a lymphocyte. In some embodiments, the modified immune cell is suitable for 

adoptive immunotherapy. In some embodiments, the modified immune cell is a PBMC. In some 

embodiments, the modified immune cell is an immune cell derived from the PBMC. In some 

embodiments, the modified immune cell is a Tcell. In some embodiments, the modified immune 

cell is a CD4* Tcell. In some embodiments, the modified immune cell is a CD8* Tcell. In some 
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embodiments, the modified immune cell is a B cell. In some embodiments, the modified immune 

cell is an NK cell.  

1001351 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 is a unipotent 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 hematopoietic stem cell. In some embodiments, the 

stem cell is a mesenchymal stem cell. In some embodiments, the stem cell is an induced pluripotent 

stem cell (iPSC).  

[00136] The modified immune cell may comprise any number (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 

immune 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 

immunomodulatory agent, such as cytokine, chemokine, and/or an immune checkpoint inhibitor.  

[00137] Nucleic acid(s) comprising the heterologous nucleic acid sequence(s) described herein 

may be transiently or stably incorporated in the modified immune cell. In some embodiments, the 

nucleic acid(s) is 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 introduced into the modified immune cell using any transfection or 

transduction methods known in the art, including 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 

polyethylenimine); 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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1001381 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 immune cell by any methods known 

in 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 talent©), 

CRISPR/Cas9, and zinc-finger nucleases. In some embodiments, the heterologous nucleic acid 

sequence(s) is integrated in 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 immune cell. In the 

cases that multiple copies of the heterologous nucleic acid sequence(s) are present in a single 

modified immune cell, the heterologous nucleic acid sequences may be integrated in a plurality of 

loci 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 poypeptide. In some embodiments, the modified immune cells 

express two TLR polypeptides. The present application also provides TLR poypeptides and 

compositions thereof In some embodiments, the TLR polypeptides provided herein provide strong 

co-stimulatorv anti-tumor effects by inducing TLR signaling after antigen stimulation.  

[001401 The TLRpolypeptides are derived from TLR molecules. TLRs are type I transmembrane 

glycoproteins characterized by the presence of an extracellular domain containing leucine rich 

repeats (LRRs), which is responsible for mediating ligand recognition. The extracellular domain is 

followed by a single transmembrane helix and an intracellular Toll-like/intereukin-1 (IL-1) receptor 

(TIR) domain. In some embodiments, the TIR domain is responsible for downstream signaling (e.g., 

inducing 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; 

62



WO 2023/020558 PCT/CN2022/113170 

1001411 In some embodiments, theTLR molecules is selected from the group consisting of TLR1, 

TLR2, TLR3,TLR4, TLR5, TLR6, TLR7, TLR8, TLR9, and TLR1O. In some embodiments, the 

TLR polypeptide is derived from TLR1. In some embodiments, the TLR polypeptide is derived 

from TLR2. In some embodiments, the TLR polypeptide is derived fromTLR4. In some 

embodiments, theTLR polypeptide is derived from'TLR6.  

[001421 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 secondTLR signaling domain to form aTLR 

signaling moiety capable of inducing'TLR signaling. In some embodiments, theTLR polypeptides 

form a homodimer (e.g., dimerization of two of the same TLR molecules). Homodimers can form 

with TLR polypeptides derived from TLR3., TLR4, TLR5, or TLR9. 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 domain. In some embodiments, 

each of the first and the second TLR polypeptides comprises a TLR5 transmembrane domain and a 

TLR5 signaling domain. In some embodiments, each of the first and the second TLR polypeptides 

comprises a TLR9 transmernbrane domain and a TLR9 signaling domain.  

[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 TLRI/ 

TLR2,TLRI/TLR4, TLR2/TLR6, TLR2/TLRI0, or TLR4/TLR5. In some embodiments, the first 

TLR polypeptide comprises a TLR1 transmembrane domain and a TLRI signaling domain, and the 

second TLR polypeptide comprises a TLR2 transmembrane domain and a TLR2 signaling domain; 

or the firstTLR polypeptide comprises a TLR2 transmembrane domain and a TLR2 signaling 

domain, and the second TLR polypeptide comprises a TLRI transmembrane domain and aTLRI 

signaling domain. In some embodiments, the first TLR polypeptide comprises a TLRi 

transmembrane domain and a TLRI signaling domain, and the second TLR polypeptide comprises a 

TLR4 transmembrane domain and aTLR4 signaling domain; or the first TLR polypeptide 

comprises a TLR4 transmembrane domain and aTLR4 signaling domain, and the second TLR 

polypeptide comprises a TLRI transmembrane domain and aTLRI 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 

TLR6 signaling domain; or the first TLR polypeptide comprises aTLR6 transmembrane domain 

and a TLR6 signaling domain, and the secondTLR polypeptide comprises a TLR2 transmembrane 

domain and a TLR2 signaling domain. In some embodiments, the firstTLR polypeptide comprises a 

TLR2 transmembrane domain and a TLR2 signaling domain, and the second TLR polypeptide 

comprises a TLRi transmembrane domain and a TLRIO signaling domain; or the firstTLR 

polypeptide comprises a TLRIO transmembrane domain and a TLRIO signaling domain, and the 

secondTLR polypeptide comprises aTLR2 transmembrane domain and aTLR2 signaling domain.  

In some embodiments, the firstTLR polypeptide comprises aTLR4 transmembrane domain and a 

TLR4 signaling domain, and the second TLR polypeptide comprises a TLR5 transmembrane 

domain and a TLR5 signaling domain; or the first TLR polypeptide comprises a TLR_5 

transmernbrane domain and a TLR5 signaling domain, and the second TLR polypeptide comprises a 

TLR4 transnembrane domain and a TLR4 signaling domain.  

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

Table 1. Exemplary Toll-like receptor sequences.  

Name n~o NCBI Amino acid sequence SEQ 
ID GeneliD (Transmembrane domain double underlined; TIR ID 

domain underlined) NO.  
TLRI Q15399 7096 MTSITFHFAIIFMLILQIRIQLSEESEFLVDRSKNGLIHVPKD 30 

LSQKTTILNISQNYISELWTSDILSLSKLRLIISH1NRIQYL 
DI SVFKFNQELEYLDLSH NKLVKISCH-PTVNLKH LDLSF 
NAFDALPICKEFGNISQLKFLGLSTTHLEKSSVLPIAHL 
NISKVLLVLGETYGEKEDPEGLQDFNTESLHIVFPTNKEF 
HFILDVSVKTVANLELSNIKCVLEDNKCSYFLSILAKLQT 
NPKLSNLTLNNIETTWNSFIRILQLVWHTTVW\YFSISNV 
KLQGQLDFRDFDYSGTSLKALSIHQVVSDV'GFPQSYIY 
EIFSNMNIKNFTVSGTRMVHMLCPSKISPFLHLDFSNNLL 
TDTVFENCGHLTELETLILQMNQLKELSKIAEMTTQMKS 
LQQLDISQNSVSY)EKKGCI)SWTKSLLSLNMSSNiLTT)'r 
IFRCLPPRIKVLDLHSNKIKSIPKQVVKLEALQELNVAFN 
SLTDLPGCGSFSSLSVLIIDHNSVSHPSADFFQSCQKMRSI 
KAGDNPFQCTCELGEFVKNIDQVSSEVLEGWPDSYKC) 
YPESYRGTLLKDFHMSELSCNITLLIVTIVATML VLAVT 
VTSLCSYLDLPWYLPiMVCQWTNQIRRIRARNIPLEELQRN 
LOFHAFISYSGHDSFWVKNELLPNLEKEGNIQ]CLHERNF 
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VPGKSIVENlIITCIEKSYKSIFVLSPNFVOSEWCHYELYFA 
HHNLFHEGSNSLILILLEPIPOYSIPSSYHKLKSLMARRTY 
LEWPKEKSKRGLFWANLRAAINIKLTEQAKK 

TLR2 060603 7097 MPHTLWMVWVLGVIISLSKEESSNQASLSCDRNGICKG 
SSGSLNSIPSGLTEAVKSLDLSNNRITYISNSDLQRCVNL 
QALVLTSNGINTIEEDSFSSLGSLEHLDLSYNYLSNLSSS 
WFKPLSSLTFLNLLGNPYKTLGETSLFSHLTKLQILRVG 
NMi)iTKIQRK)FAGLTFLEELE[I)ASDLQSYEPKSLKSI 
QNVSHLILHIKQHTLLEFVDVTSSVECLELRDTDLDTF 
HFSELSTGETNSLIKKFTFRNVKITDESLFQVMKLLNQIS 
GLLELEFD!DCTLNGVGNFRAS)N])RVIDPGKVETLTIRR 
LHTPRFYLFYDLSTLYSLTERVKRITVENSKVFLVPCLLS 
QHLKSLEYLDLSENLMVEEYLKNSACEDAWPSLQTLIL 
RQNHL.ASLEKTGETLLTLKNLTNII)SKNSF-ISMIPETCQ 
WPEKMKYLNLSSTRIHSVT7GCIPKTLEILDVSNNNLNLFS 
LNLPQLKELYISRNKLMTLPDASLLPMLLVLKISRNAITT 
FSKEQLDSFHTLKTLEAGGNNFICSCEFLSFTQEQQALA 
KVL1'DIWPANYLCDSPSHVRGQQVQDVRLSVSECHRTALI 
VSGMCCALIFLLJJLLILLC-IHRFH-GLWYMKI\M'vIWAWLQ 
AKRKPRKAPSRNICYDAFVSYSERDAY W-VENL MVOEL 
ENFNPPFKLCLHKRDFIPGKWIIDNIlDSIEKSHKTVFVLS 
ENFVKSE WCKYELDFSHFRLFDENNI)AAILiLLEPIEKKA 
IPORFCKLRKINTKTYLEWPMDEAOREGFWVNIRAAI 

______KS 

TLR3 015455 7098 MRQTLPCIYFWGGLLPFGMLCASSTTKCTVSHEVADCS 32 
HLKLTQVIDD!LP'rNITVLNLHNQLRRLPAANFTRYSQL 
TSLDVGFNTISKLEPELCQKLPMLKVLNLQHNELSQLSD 
KTFAFCTNLTELHLMSNSIQKIKNNPFVKQKNLITLDLSH 
NGLSSTKLGTQVQLENLQELLLSNNKIQALKSEEL])FA 
NSSLKKLELSSNQTKEFSPGCFHAIGRLFGLFLNNVQLGP 
SLTEKLCLELANTSIRNLSLSNSQLSTTSNTTFLGLKWTN 
LTILDLSYNNLNVVGN)SFAWLPQLEYFFLEYNNIQHL 
FSHSLHGLFN'VRYLNLKRSFTKQSISLASLPKIDDFSFQW 
LKCLEHLNMEDNDIPGIKSNMFTGLINLKYLSLSNSFTSL 
RTLTNE'TFVSLARSPLHILNLTKNKISKIES)AFSWLGHL 
EVLDLGLNEIGQELTGQEWRGLENIFEIYLSYNKYLQLT 
RNSFALVPSLQRLMLRRVALKNVDSSPSPFQPLRNLTIL 
DLSNNNIANINDDMLEGLEKLEILDLQHNNIARLWKHA 
NPGGPIYFLKGLSHLHILNLESNGFDEIPVEVFKDLFELKI 
I)LGLNNLNTLPASVFNNQVSLKSLNLQKNLITSVEKKV 
FGPAFRNLTELDMRFNPFDCTCESIAWFVNWINETHTNI 
PELSSHYLCNTPPHYHGFPVRLFDTSSCKDSAPFELFFMI 
1NTI LLIF]V ,LL-FEGWRISFYWNVSVHRVLGFKEIR)P 
QTEQFEYAAYIHAYKDKWVWE1-HFSSMEKEDOSLKFC 
LEERDFEAGVFELEA1VNSIKRSRKIIFVJT{HLLKDPLCK 
RFKVH-1HJAVQOAIEONLDI)SU1![LVF!LEEIPI)YKLNI-JALCLRR 
GMFKSHCILNWPVOKERIGAFRHKLOVALGSK 
NSVII 

TLR4 000206 7099 MMSASRLAGTLIPAMAFLSCVRPESWEPCVEVVPNITY 33 
QCMELNF'KIPDNLPFS'TKNLDLSFNPLRHLGSYSFFSFP 
ELQVLDLSRCEIQTIEDGAYQSLSHLSTILTGNPIQSLAL 
GAFSGLSSLQKLVAVETNLASLENFPIGHILKTLILNVA 
HNL[IQSFKLPEYFSNLTNLEHLDLSSNKIQSIYCTDLRVL_ 
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HQMPLLNLSiLDLSLNPMNFIQPGAFKEI]RL-KLTLRNNF 
DSLNVIMIKTCIQGLAGLEVHRLVLGEFRNEGNLEKFDKS 
ALEGLCNLTIEEFRLAYLDYYLDDIIDLFNCLTNVSSFSL 
VSVTIERVK)FSY-NFGWQHLELVNCKFGQFPTLKLKSL 
KRLTFTSNKGGNAFSEVDLPSLEFLDLSRNGLSFKGCCS 
QSDFGTTSLKYLDLSFNGVITMSSNFLG 
L!EQLEH[-LDFQHSNLKQMSEFSVFLSLRNLIYLDI[SHTITR 
VAFNGIFNGLSSLEVLKMiAGNSFQENFLPDIFTELRNLTF 
LDLSQCQLEQLSPTAFNSLSSLQVLNMSINNFFSLDTFP 
YKCLNSLQVLDYSLNHIMTSKKQELQHFPSSLAFLNLTQ 
NDFACTCEHQSFLQWIKDQRQLLVEVERMECATPSDKQ 
GM\]VPVLSLNITCQMNKTIIGVSVLSVYVSVVAX[LVYKF 
YFHLMLLAGCIKYGRGENYT)AFVIYSSODEDWVRNEL 
VKNLEEGVPPFOLCLHYRDFIPGVAIAANIIHEGFHKSRK 
VIVVVSQHFIQSRW CIFEYEIAOTWQFLSSR-AGIIFIVLOK 
VEKTLLROOVELYRLLSRNTYLEW"-EDSVLGRHIFWRRL 
RKLLDGKSWNPEGTVGTGCNWQEATSI 

TLR5 060602 7100 MGDHLDLLLGVVLMAGPVFGIPSCSFDGRIAFYRFCNLT 34 
QVPQVLNTTERLLLSFNYIRTVTASSFPFLEQLQLLELGS 
QYTPLTTDKEAFRNLPNLRILDLGSSKI'FLHPDAFQGLF 
HLFELRLYFCGLSDAVLKDGYFRNLKALTRLDLSKNQIR.  
SLYLH{PSFGKLNSLKSII)FSSNQIFLVCEHELEPLIQGKTLS 
FFSLAANSLYSRVSVDWGKCMINPFRNMVLEILDVSGNG 
WTVDITiGNFSNAISKSQAFSLILAHI{IMGAGFGFINIKDP 
I)QNTFAGLARSSVRH-iLI)ILSHE(GFVFSLNSRVFETLKDLK 
VLNLAYNKINKIADEAFYGLDNLQVLNLSYNLLGELYS 
SNFYGLPKVAYIDLQKNHIAIIQDQTFKFLEKLQTLDLRD 
NAL'TT'IHFIPSIPDIFLSGNKLVTLPKINLTANLI-l{LSENRL 
ENLDILYFLLRVPHLQILILNQNRFSSCSGDQTPSENPSLE 
QLFLGENMLQLAWETELCWDVFEGLSHLQVLYLNHNY 
LNSLPPGVFSHLTALRGLSLNSNRLTVLSHNDLPANLEIL 
DISRNQLLAPNPDVFVSLSVLDITHNKFICECELSTFINW 
LNHTNVTIAGPPAI)iYCVYP)SFSGVSLFSLSTEGCDEEE 
VLKSLKFSjLJIXQMURKITLFLMTILTMKFRGFCFICYKT 
AQRLVFKDHPQGTEPDMYKYDAYLCFSSKDFTWVQNA 
LLKHi-L])TOYSDONRFNLCFEERI)FVPGENRIANIQDAIW 
NSRKIVCLVSRHFLRDGWCLEAFSYAOGRCLSDLNSALI 
MVVVGSLSQYQLMKH-QSIRGE QKQQYLRWPEDFQDX 
GWFLHKLSOOILK KEKEKKKDNNIPLQTVATIS 

TLR6 Q9Y2C9 10333 MT!KI)KEPIVKSFHFVCLMIIIVGTRIQFSI)GNEFAVDKSK 35 
RGLIHVPKDLPLKTKVIDMSQNTIAELQVSDMSFLSELT 
VLRLSHNRIQLLDLSVFKFNQDLEYLDLSHNQLQKISCH 
PIVSFRR±LDLSFNI)FKALPICKEFGNLSQLNFLGLSAMKL 
QKLDLLPIAHLHLSYILLDLRNYYIKENETESLQILNAKT 
LHLVFHPTSLFAIQVNISVNTLGCLQLTNIKLNDDNCQV 
FIKFL.SELTRGSTLLNFTL.N-IETT\fWKCLVRVFQFILWPKP 
VEYLNIYNLTIIESIREEDFTYSKTTLKALTIEHITNQVFLF 
SQTALYrvFSEMNIMML-TISDTPFIHMLCPH{APSTFKFLN 
FTQNVFTDSIFEKCSTLVKLETLILQKNGLKDLFKVGLM 
TKDMPSLEILDVSWrNSLESGRHKENCTWVESIVVLNLSS 
NMLTDS'FRCLPPRIKVLDLHISNKIKSVPKQVVKLEALQ 
ELNVAFNSLTDLPGCGSFSSLSVLIIDHNSVSHPSADFFQ 
SCQKMRSIKAGDNPFQCTCELREFVKNIDQVSSEVLEG 
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WPI)SYKC)YPESYRGSPLKDFHMSEL SCNITLLIViGAT 

MLLAMI£ITYTSLCJLDLPW-YLRMVCQWTQTRRRARNTP 
LEELQRNLQFHAFISYSEHDSAWNKSELVPYLEKEDIQC 
LHERNFVPGKSIVENIINCIEKSYKSIFVLSPNFVQSEWCH 
YELYFAHHNLFHEGSNNLILILLEPIPONSIPNKYHKLKA 
LMTQRTYLQWPKEfKSKRGLFWANIRAAFNMN'IKLTLVTE 

___________________NNDVKS 

TL.R7 Q9NYK1 51284 MVFPMW'TLKRQILiLFNILJSKLLGARWFPKTLPCDVTL 36 
DVPKNH'IVDCTDKHLTEIPGGTPTNTTNLTLTINHIPDIS 
PASFHRLDHLVEIDFRCNCVPIPLGSKNNMCIKRLQIKPR 
SFSGLTYLKSLYLDGNQLLEIPQGILPPSLQLLSLEANNIFS 
IRKENLTELANIEII.'LGQNCYYRNPCYVSYSTEKDAFLN 
LTKLKVLSLKDNNVTAVPTVLPSTLTELYLYNNMLAKIQ 
E!)DFNNLNQLQILD!LSIGNCPRCYNAPFPCAPCKNNSPLQ 
IPVNAFDALTELKVLRLHSNSLQHVPPR\TKNINKLQEL 
DLSQNFLAKEIGDAKFLHFLPSLIQLDLSFNFELQVYRAS 
MNLSQAFSSLKSLKILRIRGYVFKELKSFNLSPLHNLQNL 
EVLDLGTNFIKIANLSIFKQFKRLKVIDLSVNKISPSGDS 
SEVGFCSNARTSVESYEPQVLEQLH-{YFRYDKYARSCRF 
KNKEASFMSVNESCYKYGQTLDLSKNSIFFVKSSDFQHL 
SFLKCLNLSGNLISQTLNGSEFQPLAELRYLDFSNN'RLDL 
LHSTAFEELHKLEVLIDISSNSHYFQSEGITI-NiLNFTKNL 
KVLQKLMMNINDNISSSTSRTMESESLRTLEFRGNHLDV 
LWREGDNRYLQLFKNLLKLEELDISKNSLSFLPSGVFDG 
MPPNLKNLSLAKNGILKSFSWKKLQCLKNLETLDLSNQ 
LTTVPERLSNCSRSLKINLILKNNQIRSLTKYFLQDAFQLR 
YLDLSSNKIQMIQKTSFPENVLNNLKMLLL1-HNRFLCTC 
DAVWFVWWVNHIEVTIPYLAT)VTCVGPGAHKGQSVI 
SLDLYTCELDLTNLILFSLSISVSLFLMVIMMTASHLYFW 
DV\WYIY-FCKAKIIGYQRLISPDCCYDAFIVYDrKDPA 
VTEWVLAELVAKLEDPREKH FNLCLEERDWLPGOPVLE 
NLSQSIQLSKKTVFVMTDKYAKTENFKIAFYLSHORLM 
iD)EKVI)VH]LIFLEKPFKSKFLOLRKRLCGSSVLEWPTNP 
OAHPYFWOCLKNALATDNHVAYSQVFKETV 

TLR8 Q9NR97 51311 VGKYVTELDLS)NFITHITNESFQGILQNLTKINLNl-HNP N 37 
VQHQNGNPGIQSNGLNITDGAFLNLKNLRELLLEDNQLP 
QIPSGLPESLTELSLIQNNIYNIKEGISRLINLKNLYLAW 
NCYFNKVCEKTNIEDGVFETLTNLELLSLSFNSLSHVPPK 
LPSSLRKLFLSNTQlKYISEEDFKGLINLTLLDLSGNCPRC 
FNAPFPCVPCDGGASIN IDRFAFQNI.TQLRYLNLSSTSLR 
KINA AWFKNMPHLKVLDLEFNYLVGEIASGAFLTMLPR 
LEILDLSFNYIKGSYPQHINISRNFSKLLSLRALHLRGYVF 
QELREDDFQPLMQLPNLSTINLGINFIKQI)FKLFQNFSN 
LEIIYLSENRISPLVKDTRQSYANSSSFQRHIRKRRSTDFE 
FDPHSNFYH{FTRPLIKPQCAAYGKALDLSLNSIFFIGPNQ 
FENLPI)TACILNLSANSNAQVLSGTEFSAIPHEVKY1)LTN 
NRLDFDNASALTELSDLEVLDLSYNSHYFRIAGVTHHLE 
FIQNFTNLKVLNLSHNNIYTLTDKYNLESKSLVELVFSG 
NRLDIL.WN)DDDNRYISIFKGLKNLTRLDLSLNRLKHIPN 
EAFLNLPASLTELHINDNMLKFFNWTLLQQFPRLELLDL 
RGNKLLFLrDSLSDFTSSLRTLLLSHNRISHILPSGFLSEVS 
SLKHLDLSSNLLKTINKSALETKTTTKLSMILELHGNPFE 
CTCDIGDFRRWMDEHLN VKIPRLVDVICASPGDQRGKSI 
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VSLELTTCVSDVTAVILFFFFFIIT[ILAAi-{HLFY 
WDVWFIYNVCLAKKGYRSLSTSQTFYDAYISYDTKDA 
SVTDW7 LNELRYHLEESRDKNVLLCLEERD\DPGLAITD 
NLMOSINQSKKTVFVLTKKYAKSWNFKTAF 
YLALORLMDENMDVIIFILLEPVLOHSOYLRLRORICKSS 
ILQWPDNPKAfELFWQTLRVVLTENDSRYNNMYVDSI 
KQY 

TLR9 Q9NR96 54106 MGFCRSALHPLSLLVQAIMLAMTI-ALGTLPAFLPCELQP 38 
HGLVNCNWLFLKSVPHFSMAAPRGNVTSLSLSSNRIHH 
LHDSDFAHLPSLRHLN-LKWNCPPVGLSPMHFPCHMTIITEP 
STFLAVPTLEELNLSYNN]MTVPALPKSLISLSLSHTNILM 
LDSASLAGLHALRFLFM)GNCYYKNPCRQALEVAPGA 
LLGLGNLTIHLSLKYNNLTVVPRNLPSSLEYLLLSYNRIV 
KLAPE DLANLTALRVLDVGGNCRRCDHAPNPCMECPR 
HFPQLHPDTFSHLSRLEGLVLKDSSLSWLNASWFRGLG 
NLRVLDLSENFLYKCITKTKAFQGLTQLRKLNLSFNYQK 
RVSFAHLSLAPSFGSLVALIKELDMHGIFFRSLDETTLRPL 
ARLPMLQTLRLQMNFINQAQLGIFRAFPGLRYVDLSDN 
RISGASELTATMGEADGGEKV'LQPGDLAPAPVI)TPSS 
EDFRPNCSTLNFTLDLSRNNLVTVQPEMFAQLSHLQCLR 
LSHNCISQAVNGSQFLPLTGLQVLDLSHNKLDLYHEHSF 
TELPRLEALDLSY NSQPFGMQGVGIHNFSFVAHLRTLRH 
LSLAHNNIHSQVSQQLCSTSLRALDFSGNALGHMWAEG 
DLYLIFFQGLSGLIWLDLSQNRLHTLLPQTLRNLPKSLQ 
VLPLLR]LNYLAFFKWWSLIFLPKLEVL)LAGNQLKALT 
NGSLPAGTRLRRLDVSCNSISFVAPGFFSKAKELRELNLS 
ANALKTVDISWFGPLASALQILDVSANPLtICACGAAF 
MDFLLEVQAAVPGiLPSRVKCGSPGQLQGLS[FAQDLRL 
CLDEALSWDCFALSLLAVALGLG VTILHHLCGWDLW 
YCFHLCLAWLPWRGRQSGRDEDALPYDAFVVFDKTQS 
AVADWVYNELRGQLEECRGRWALRLCLEERDWLPGK 
TLFENLWASVYGSRKTLFVILAHTDRV SGLLRASFLLAO 
QRLLEI)RKi)VVVLVILSP[)GRRSRYVRLRQRLCROSVL 
LWPHOPSGORSFWAOLGMALTRDNHHFYN'RNFCQGPT 
AE 

TLRI0 Q9BXR5 81793 MRLIRNIYIFCSIVMTAEGDAPELPEERELMTNCSNMSLR 39 
KVPADLTPATTTLDLSYNLLFQLQSSDFHSVSKLRVLILC 
HNRIQQLDLKTFEFNKELRYLDLSNNRLKSVTVYLLAG 
LRYLDLSFNDFDTMPICEEAGNMSHLEILGLSGAKIQKS 
I)FQKIAHL.H!LNTVFL.GFRPTLPHYEEGSLPILNTTKLHIVL 
PMDTNFWVLLRDGIKTSKILEMTNIDGKSQFVSYEMQR 
NLSLENAKTSVLLLNKVDLL\DDLFLILQFV\HTSVEH 
FQIRNVTFGGKAYL)HNSFI)YSNTVVfRTIKLEHV-IFRV 
FYIQQDKIY-LLLTKMDIENLTISNAQMPHMLFPNYPTKF 
QYLNFANNILTDELFKRTIQLPtILKTLILNGNKLETLSLV 
SCFANNTPLEHLDLSQNLLQ-HKNI)ENCSWPETVVNNIN 
LSYNKLSDSVFRCLPKSIQILDLNNNQIQTVPKETIHLMA 
LRELNIAFNFLTDLPGCSHFSRLSVLNIEMNFILSPSLDFV 
QSCQEVKTLNAGRNPFRCTCELKNFIQLETYSEVMMVG 
WSDSYTCEYPLNLRGTRLKDVHLHELSCNTALLIV"TIVV 
IMLLGLAiAECCLHFDLPWYLRMILGQCTQTWHI-RVRK 
TTQEQLKRNVRFHAFISYSEHDSLWVKNELIPNLEKEDG 
SILICLYESYFDPGKSISENIVSFIEKSYKSIFVLSP 
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EXCHYEFY FAH HNLFH ENSDI![IL] LLEPIPFYCIPTRYH{K 
LKALLEKKAYLEWPKDRRKCGLFWA NLRAAINVvNIA 
TREMYELQTFTELNEESRGSTISLMRTDCL 

[001451 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%, 2fold, 4 fold, 6 fold, or more, compared to a modified immune cell not comprising saidTLR 

receptor domains. In some embodiments, theTLR 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 is 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 is measured in a cell-based assay. In 

some embodiments, the cytoxicity and tumor cell killing capability are measured in vivo.  

[00146] In some embodiments, the TLRpolypeptides 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, 6 fold, 8 fold, 10 fold, 12 fold, 14 fold, 16 fold, 18 fold, 20 fold, 30 

fold, 50 fold, 100 fold, 200 fold, 500 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 cytokine 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 

immune cell not comprising said TLR polypeptides. Exemplary inflammatory cytokines include, but 

are not limited to, e.g., IFN-y, TNF-a, and GM-CSF. In some embodiments, secretion levels of 

inflammatory cytokines are measured by in serum immunoassays, such as enzyme-linked 

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

In some embodiments, the inflammatory cytokine secretion levels are measured in vivo.  

1001471 In some embodiments, the TLRpolypeptide is a co-stimulatory molecule. In some 

embodiments, the TLR polypeptide co-stimulatoiy 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 firstTLR signaling domain and a secondTLR signaling domain 

associate with each other to form a TLR signaling moiety capable of inducing'TLR signaling.  

[001481 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 domain and a 

signaling domain. In some embodiments, the TLR polypeptide is a co-stimulatory molecule and 

comprises a TLR transmembrane domain and a TLR signaling domain. In some embodiments, the 

signaling domain is an intracellular domain, such as an intracellular signaling domain. In some 

embodiments, the TLR polypeptide comprises: (a) target binding domain, (b) a transmembrane 

domain;and(c)asignaling domain (e.g., an intracellular signaling domain). Optionally, the TLR 

polypeptide further comprises a signaling peptide.  

[00149] In some embodiments, the TLRpolypeptide comprises a transmembrane domain that is 

directly or indirectly 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 is directly or indirectly 

fused to both a target binding domain and a TLR signaling domain. In some embodiments, the TLR 

polypeptide comprises a TLR transimembrane domain from a TLR molecule. In some embodiments, 

the TLR molecule is selected from the group consisting of TLRI, TLR2, TLR3, TLR4, TLR5, 

TLR6, TLR7, TLR8, TLR9, and'TLRI0. In some embodiments, the TLR transmembrane domain is 

derived from'TLRI. In some embodiments, theTLR transmembrane domain is derived from TLR2.  

In some embodiments, theTLR transmembrane domain is derived from TLR4. In some 

embodiments, theTLR transmembrane domain is derived from'TLR6.  
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1001501 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.  

[001511 In some embodiments, the first TLR transmembrane domain and the first TLR signaling 

domain are derived from the sameTLR molecule. In some embodiments, the first TLR 

transmembrane domain and/or the first'TLR signaling domain are derived from the group consisting 

of TLRI, TLR2, TLR3, TLR4, TLR5, TLR6, TLR7, TLR8, TLR9, and TLR10. In some 

embodiments, the first TLR transmembrane domain and/or the first LR signaling domain are 

derived from the group consisting of TLRI, TLR2, TLR4, and TIR6. In some embodiments, the 

first TLR- transmembrane domain and/or the first TLR signaling domain are derived from TIRI. In 

some embodiments, the first TLR transmembrane domain and/or the first TLR signaling domain are 

derived from TLR4.  

[00152] 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 TLR1, TLR2, TLR3, TLR4, TLR5, TLR6, TLR7, TLR8, TLR9, 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, andTLR6. In some embodiments, the 

second TLR transmembrane domain and/or the firstTLR signaling domain are derived from TLR2.  

1001531 In some embodiments, the first TLR transmembrane domain and the secondTLR 

transmembrane domain are the same. In some embodiments, the firstTLR transmembrane domain 

is derived from TLRI, and the second TLR transmembrane domain is derived from TLR1. In some 

embodiments, the firstTLR transmembrane domain is derived from TLR2, and the second TLR 

transmembrane domain is derived from TLR2. In some embodiments, the first TLR transmembrane 

domain is derived 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 is derived from TLR6.  
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1001541 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 is derived from TLR, 

and the secondTLR signaling domain is derived from TLR1. In some embodiments, the first TLR 

signaling domain is derived from'TLR2, and the second TLR signaling domain is derived from 

TLR2. In some embodiments, the firstTLR signaling domain is derived from'TLR4, and the second 

TLR signaling domain is derived from'TLR4. In some embodiments, the first TLR signaling 

domain is derived from'TLR(, and the secondTLR signaling domain is derived from'TLR6.  

[001551 In some embodiments, the first TLR transmembrane domain and the second TLR 

transmembrane domain are different. In some embodiments, the firstTLR transmembrane domain is 

derived from TLR2, and the second TLR transmembrane domain is derived from TLRI. 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 

signaling domain is derived from TLRl. In some embodiments, the first LR transmembrane 

domain is derived from TLR2, the first TLR signaling domain is derived from TLR2, the second 

TLR transmembrane domain is derived from TLR1, and the second TLR signaling domain is 

derived from TLR1.  

[00156] In some embodiments, the TLR polypeptides described herein comprise a target binding 

domain. In some embodiments, the target binding domain is not derived from a receptor or a ligand.  

In some embodiments, the first polypeptide and the second polypeptide are not derived from TGFP.  

In some embodiments, the first polypeptide and the second polypeptide are not TGF3. In some 

embodiments, the first polypeptide and the second polypeptide do not comprise TGF extracellular 

domains. In some embodiments, the first polypeptide and the second polypeptide do not comprise 

an extracellular TGFP-binding domain of a TGF (e.g., TGFORI and/or TGF3R2). In some 

embodiments, the target binding domain does not comprise the extracellular TGF-binding domain 

of TGFRI In some embodiments, the target binding domain does not comprise the extracellular 

TGFP-binding domain of TGFR2. In some embodiments, the target binding domain is not 

an extracellularTGF-bindingdomain. In some embodiments, the target binding domain is not the 

extracellularTGF P-binding domain of TGFR2. In some embodiments, the target binding domain is 

not the extracellularTGFP-binding domain ofTGFPRL. In some embodiments, theTLR polypeptide 

(e.g.,the first polypeptide and/or the second polypeptide) is not a chimeric TGFQ receptor CTBR 
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signal converter described in W02018/094244A1, which is incorporated herein by reference in its 

entirety.  

100157] In some embodiments, the modified immune cells provided herein 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.  

[001581 In some embodiments, the target binding domain of the TLR polypeptide is an antibody or 

anantibody fragment, such as a scFv, a Fv, a Fab, a (Fab')2, a single domain antibody (sdAb), or a 

VHH domain. 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 is 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 is selected from the group consisting of 

CDI9, BCMA, NY-ESO-1, VEGFR2, MAGE-A3, CD20, CD22, CD33, CLLI, CD38, CEA, EGFR 

(such as EGFRvIII), GD2, HER2, IGFIR, mesothelin, PSMA, RORi, WTI, and other tumor 

antigens with clinical significance, and combinations thereof In some embodiments, the TLR 

polypeptide specifically binds to a target antigen selected from the group consisting of NKG2D, 

GPRC5D, 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-13Rt2, IGFIR, mesothelin, PSMA, RORI, WT1, NKG2D, CLL, TGFaRII, 

TGFbRII, CCR5, 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, 

CD123, CD19, CD20, CD22, BCMA, NKG2D, GPRC5D, or GPC3.  

1001591 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, CD70, CD27, 

SIRPa, andTIGIT.  

1001601 In some embodiments, the target molecule is 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 NKG2D 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 

"NKG2D ECD"). In some embodiments, the target molecule is full-length sequence of NKG2D. In 

some embodiments, the NKG2D comprises an amino acid seuqnece 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: 54. In some embodiments the second polypeptide 

comprises SEQ ID NO: 54. In some embodiments, the NKG2D comprises the amino acids at 

positions 81-216 of the full-length sequence of the ECD of NKG2D (SEQ ID NO: 54). In some 

embodiments, the NKG2D comprises an amino acid seuqnece 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: 51. In some embodiments the second polypeptide 

comprises SEQ ID NO: 51. 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 

embodiments, the NKG2D comprises an amino acid seuqnece 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: 52. In some embodiments the second polypeptide 

comprises SEQ ID 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 seuqnece 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: 53. In some embodiments the second polypeptide 

comprises SEQ ID NO: 53.  

1001611 In some embodiments, theTLR 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 integration 

and anchoring of theTLR polypeptide into the lipid bilayer of the host cell. Signal peptides 

including 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 is derived from a 

molecule selected from the group consisting of CD8a, GM-CSF receptor Y, IL-3, and IgG1 heavy 

chain. In some embodiments, the signal peptide is derived from CD8a.  

74



WO 2023/020558 PCT/CN2022/113170 

1001621 The TLRpolypeptidemay comprise one ormorepeptide 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 linker. The peptide linkers connecting different domains may be 

the same or different. Each peptide linker can be optimized individually. The peptide linker can be 

of any suitable length. In some embodiments, the peptide linker is at least about any 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 is no more than about any of 50, 40, 35, 30, 25, 20, 19, 18, 

17, 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 is any of about I amino acid to about 10 amino acids, about I amino 

acids to about 20 amino acids, about I amino acid to about 30 amino acids, about 5 amino acids to 

about 15 amino acids, about 10 amino acids to about 25 amino acids, about 5 amino acids to about 

30 amino acids, about 10 amino acids to about 30 amino acids long, about 30 amino acids to about 

50 amino acids, or about I amino acid to about 50 amino acids.  

[00163] The peptide linker may have a naturally occurring sequence, or a non-naturally occurring 

sequence. In some embodiments, the peptide linker is a flexible linker. Exemplary flexible linkers 

include glycine polymers (G),, glycine-serine polymers (including, for example, (GS), (SEQ ID 

NO: 27). (GSGGS)n (SEQ ID NO: 28) and (GGGS)n (SEQ ID NO: 29), where n is an integer of at 

least one), glycine-alanine polymers, alanine-serine polymers, and other flexible linkers known in 

the art. In some embodiments, the peptide linker has the amino acid sequence of SEQ ID NO: 25 or 

26.  

1001641 In some embodiments, theTLR polypeptide comprises a transmembrane domain and a 

signaling domain derived from the sameTLR molecule. In some embodiments, the TLR 

polypeptide comprises aTLR1 transmembrane domain and a TLR1 signaling domain. In some 

embodiments, theTLR polypeptide comprises a TLR2 transmembrane domain and a TLR2 

signaling domain. In some embodiments, theTLR polypeptide comprises a TLR4 transmembrane 

domain and aTLR4 signaling domain. In some embodiments, theTLR polypeptide comprises a 

TLR6 transmembrane domain and a TLR6 signaling domain. In some embodiments, theTLR 

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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1001651 In some embodiments, theTLR polypeptide comprising a transmembrane domain and a 

signaling domain derived from the same TLR molecule further comprises a target binding domain.  

In some embodiments, the target binding domain is a scFv or sdAb that specifically binds to 

NKG2D, CD33, CLLI, CD123, CD19, CD20, CD22, BCMA, GPRC5D, or GPC3. In some 

embodiments, theTLR 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 sameTLR molecule further comprises a target binding 

domain that specifically binds to the V domain of CD33. In some embodiments, the TLR 

polypeptide comprises a TLR2 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 TLR transmembrane 

domain, a TLRI 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 domain 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, aTLR4 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 sameTLR molecule 

further comprises a target binding domain that specifically binds to NKG2D. In some embodiments, 

the'TLR polypeptide comprises aTLR4 transmembrane domain, aTLR4 signaling domain derived, 

and a target binding domain that specifically binds to NKG2D. 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 aTLR4 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 sameTLR molecule further comprises a target binding domain that specifically 

binds to GPRC5D. In some embodiments, the TLR polypeptide comprises aTLR4 transmernbrane 

domain, a TLR4 signaling domain derived, and a target binding domain that specifically binds to 

GPRC5D. In some embodiments, the TLR polypeptide further comprises a signal peptide (e.g., a 

leader sequence).  

1001661 In some embodiments, theTLR 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 is fused to the N-terminus of the TLR signaling domain. In some 

embodiments, the C-terminus of the intraceullar domain of the cytokine receptor is directly fused to 

the N-terminus of the TLR domain. In some embodiments, the C-terminus of the intraceullar 

domain of the cytokine receptor is indirectly fused to the N-terminus of the TLR domain, such as 

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: i) a target binding domain, ii) 

an intracellular domain of a cytokine receptor, iii) TLR transmembrane domain, and iv) a TLR 

signaling domain.  

1001671 In some embodiments, theN-terminus of the intraceullar domain of the cytokine receptor 

is fused to the C-terminus of theTLR signaling domain. In some embodiments, the N-terminus of 

the intraceullar domain of the cytokine receptor is directly fused to the C-terminus of the TLR 

signaling domain. In some embodiments, the N-terminus of the intraceullar domain of the cytosine 

receptor is 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: i) a target binding domain, ii) TLR 

transmembrane domain, iii) aTLR signaling domain, and iv) an intracellular domain of a cytokine 

receptor.  

[001681 In some embodiments, the cytokine receptor-derived intracellular domain confers 

improved 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 IL-18 receptor, an IL-21 receptor, an IL-15 receptor, and an IL-23 receptor. In some 

embodiments, the cytokine receptor-derived intracellular domain comprises an immunoreceptor 

tyrosine-based activation motif (ITAM).  

1001691 The modified immune cells described herein comprise a firstTLR polypeptide and a 

second TLR polypeptide. In some embodiments, the first TLR polypeptide further comprises a first 

intracellular domain of a first cytokine receptor. In some embodiments, the second polypeptide 

further comprises a second intracellular domain of a second cytokine receptor. In some 

embodiments, the first polypeptide further comprises a first intracellular domain of a first cytokine 

receptor and the second polypeptide further comprises a second intracellular domain of a second 

cytokine receptor. In some embodiments, the first intracellular domain of a first cytokine receptor 

and the second intracellular 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 

domain of a second cytokine receptor 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 IL-2 1 

receptor, an IL-15 receptor, and an IL-23 receptor. In some embodiments, the second cytokine 

receptor is selected from the group consisting of a GM-CSF receptor, an IL-18 receptor, an IL-2 1 

receptor, an IL-15 receptor, and an IL-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 IL-18 receptor, an IL-21 receptor, an IL-15 receptor, and an IL-23 receptor. In some 

embodiments, the first intracellular domain of the first cytokine receptor comprise an 

inimunoreceptor tyrosine-based activation motif (ITAM). In some embodiments, the second 

intracellular domain of the second cytokine receptor comprise an immunoreceptor tyrosine-based 

activation motif (ITAM). In some embodiments, the first intracellular domain of the first cytokine 

receptor and the second intracellular domain of the second cytokine receptor comprise an 

immunoreceptor tyrosine-based activation motif (ITAM). In some embodiments, the C-terminus of 

the first intracellular domain of the first cytokine receptor is fused to the N-terminus of the first TLR 

signaling domain. In some embodiments, the C-terminus of the second intracellular domain of the 

second cytokine receptor is 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 intracellular 

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 first intracellular domain of the first cytokine 

receptor is fused to the C-terminus of theTLR signaling domain. In some embodiments, the N

terminus of the second intracellular 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 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 is 

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

[00170] In some embodiments, the TLRpolypeptides described herein are comprised ina 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

CD20 scFv, 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-CDI9 CAR, 

In some embodiments, the anti-CD19 CAR comprises from the N-terminus to the C-terminus: a 

signal peptide, an anti-CD19 seFv, a CD8 hinge domain, a CD8a transmembrane (TM) domin, 

the cytoplasnic 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 

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: 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 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-terminus to the C

terminus: a signal peptide, an anti-CD19 scFv, a CD8 hinge domain, a CD8CI. transmembrane (TM'I) 

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 P2A cleavage site, a signal peptide, an anti-CD20 

scFv, aTLR4 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 firstTLR signaling domain and a 

second TLR- signaling domain to form a TLR signaling moiety, thereby without effect on the 

induction of TLR signaling.  

[00171] In some embodiments, themodified 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-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-CD19 CAR. In some 

embodiments, the anti-CD19 CAR comprises from the N-terminus to the C-terminus: a signal 

peptide, an anti-CD19 scFv, a CD8u 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-CD19 CAR comprises an amino acid 

equencehaving 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: 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 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-terminus to the C-terminus: a signal 

peptide, an anti-CD19 scFv, a CD8a hinge domain, a CD8. transmembrane (TM)domain, the 
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cytoplasmic portion of the 4-iBB (CD137) co-stimulatory signaling domain, and a CD3( primary 

intracellular signaling domain, a 12A 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 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 CD8a hinge domain, a CD8a transmembrane (TM) domain, the cytoplasmic 

portion of the 4-IBB (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 cytopiasmic 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: 60. In some embodiments the CAR fusion construct comprises SEQ ID 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 

ammoacid 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 ofTLR signaling.  

1001721 In some embodiments, the modified immune cell comprises a CARsystem (e.g., aCAR 

fusion construct), wherein the CAR fusion construct comprises an anti-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-NKG2D 

ECD, aTLR4 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 CD8a hinge domain, a CD8a transmembrane (TM) domain, the 

cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and a CD3( primary 
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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%, 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: 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 ID NO: 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 CD8a transmembrane (TM) domain, the 

cytoplasmic portion of the 4-iBB (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 (TT) 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 havingat 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: 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 CD8c transmembrane (TM) domain, the cytoplasmic 

portion of the 4-IBB (CD137) co-stimulatory signaling domain, and a CD3( primary intracellular 

signaling domain, a P2A cleavage site, a signal peptide, an anti-NKG2D ECD, a CD8 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 

anaminoacidsequence 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: 58. In some embodiments the CAR fusion construct comprises SEQ ID 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 domain and a 
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second TLR signaling domain to form a TLR signaling moiety, thereby without effect on the 

induction ofTLR signaling.  

1001731 In some embodiments, theTLR 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-CLL ICAR 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

CD33 sdAb. aTLR4 transmembrane domain, and a TLR4 signaling domain (e.g., the cytoplasmic 

portion ofTLR4). In some embodiments, the modified immune cell expresses an anti-CLLI CAR.  

In some embodiments, the anti-CLL1 CAR comprises from the N-terminus to the C-terminus: a 

signal peptide, an anti-CLLi sdAb, a CD8c 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 CAR fusion construct comprises, 

from the N-terminus to the C-terminus: a signal peptide, an anti-CLL1 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 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 identity to SEQ ID NO: 71. In some embodiments the CAR fusion construct 

comprises SEQ ID NO: 71. 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.  

1001741 In some embodiments, the modified immune cell comprises a CARsystem (e.g., aCAR 

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, aTLR4 transmembrane 

domain, and a'TLR4 signaling domain (e.g., the cytoplasmic portion of TLR4). 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 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 

aminoacid 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: 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-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. 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 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%, 

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-terminus to the C

terminus: a signal peptide, a single anti-BCMA sdAb, a CD8u 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, a single anti-BCMA sdAb, aTLR4 transmembrane (TM) region, and the cytoplasmic 

portion ofTLR4 (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: 62. In some embodiments the CAR fusion construct 

comprises SEQ ID NO: 62. In some embodiments, the CAR fusion construct comprises, from the 
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N-terminus to the C-terminus: a signal peptide, a single anti-BCMA sdAb, a CD8a hinge domain, a 

CD8u transmembrane (TM)domain, the cytoplasmic portion of the 4-1BB (CD317) co-stimulatory 

signaling domain, and a CD3r primary intracellular signaling domain, a P2A cleavage site, a signal 

peptide, a single anti-BCMA sdAb, CD8a hinge domain, aTLR4 transmembrane (TM) region, and 

the cytoplasmic portion ofTLR4 (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 domain, a CD8a. transmembrane (TM) domain, the cytoplasmic portion of the 4-IBB 

(CDI37) co-stimulatory signaling domain, and a CD3; primary intracellular signaling domain, a 

P2A cleavage site, a signal peptide, a single anti-BCMA sdAb, CD28a hinge domain, a TLR4 

transmembrane (TM) region, and the cytoplasmic portion of TLR4 (eg., TLR4 primaryintracellular 

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, from the N-terminus to the C-terminus: a signal peptide, a 

tandem anti-BCMA sdAb, a CD8u hinge domain, a 'CD8a transnembrane (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 tandem anti-BCMA sdAb, a 

TLR4 transmembrane (TM) region, and the cytoplasmic portion of TLR4 (e.g., TLR4 primary 

intracellular signaling donin). In some embodiments, the CAR fusion construct comprises an 

aminoacid 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, theTLR 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 firstTLR signaling domain and a 
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second TLR signaling domain to form a TLR signaling moiety, thereby without effect on the 

induction of TLR signaling.In some embodiments, the modified immune cell comprises aCAR 

system (e.., 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-GPRC5D 

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 aTLR4 signaling domain (e.g., the cytoplasmic portion of TLR4). 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 CD8a transmembrane ("ITM) 

domain, the cytoplasmic portion of the 4-IBB (CD137) co-stimulatory signaling domain, and a 

CD3( primary intracellular signaling domain. In some embodiments, the anti-BCMA CAR 

comprisesanaminoacid 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: 66. In some embodiments, the antiBCMA 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%, 91%,92%,93%,94%,95%,96%,97%,98%,99%,orhigher)sequenceidentitytoSEQ 

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-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-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-GPRC5D 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: 65. In some embodiments the CAR fusion construct 
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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-IBB (CD137) co

stimulatory signaling domain, and a CD3Q primary intracellular signaling domain, a P2A cleavage 

site, a signal peptide, an anti-GPRC5D 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-terminus: a signal peptide, a tandem anti-BCMA sdAb, a 

CD8a hinge domain, a CD8a transmembrane (TM) domain, the cytoplasmic portion of the 4-1313 

(CD137) co-stimulatory signaling domain, and a CD3( primary intracellular signaling domain, a 

P2A cleavage site, a signal peptide, an anti-GPRC5D scFv, a CD28a 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 havingat 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: 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, theTLR 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.  

[001751 In some embodiments, the modified immune cell comprises a CARsystem (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 C2 domain)TLR polypeptides. In some embodiments, 

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 aTLR2 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, aTLRI transmembrane domain, and a 

TLRI signaling domain (e.g., the cytoplasmic portion of TLRI). In some embodiments, the 

modified immune cell expresses an anti-CLLI CAR. In some embodiments, the anti-CLLI CAR 

comprises from the N-terminus to the C-terminus: a signal peptide, an anti-CLLI sdAb, a CD28 

hinge domain, a CD28a transmembrane (TM)domain, the cytoplasmic portion of the CD28 co

stimulatory signaling domain, and a CD3Q primary intracellular signaling domain. In some 

embodiments, the anti-CLLI 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: 4. In some embodiments the anti-CLLI 

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-CLLI/CD33 dual CAR comprises 

from the N-terminus to the C-terminus: a signal peptide, an anti-CLi1 sdAb, an anti-CD33 V 

domain sdAb, a CD8a hinge domain, a CD8a transmembrane (TM) domain, the cytoplasmic 

portion of the 4-IBB (CD137) co-stimulatory signaling domain, and a CD3( primary intracellular 

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 identity to SEQ ID NO: 43.  

In some embodiments the anti-CLL1/CD33 dual CAR comprises SEQ ID NO: 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 

polypeptide comprises SEQ ID NO: 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%, 91%, 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 modified immune cell comprises a CAR system (e.g., a CAR fusion construct), 

wherein the CAR fusion construct comprises an anti-CLLI 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-terminus: a signal peptide, an anti-CLLI sdAb, a 

CD28ac hinge domain, a CD28a transmembrane (TM)domain, the cytoplasmic portion of the CD28 
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co-stimulatory signaling domain, and a CD3r primary intracellular signaling domain, a P2A 

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 TLR2), a P2A cleavage site, a signal 

peptide, an anti-CD33 C2 domain sdAb, a TLRI transmembrane domain, and a TLRi signaling 

domain (e.g., the cytoplasmic portion of TLRI). 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: 3. In some embodiments, theTLR polypeptide coding sequence lacks the 

sequences of some or all of the putative upstream start codons. In some embodiments, theTLR 

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.  

[00176] Also within the scope of the present disclosure are variants of any of the TLR domains 

(e.g., a TLR transmembrane domain and/or a TLR signaling domain) described herein, such that the 

TLR domain is capable of modulating the immune response of the immune cell. In some 

embodiments, the co-stimulatory signaling domains comprises up to 10 amino acid residue 

variations (e.g., 1, 2, 3, 4, 5, or 8) as compared to a wild-typecounterpart.SuchTLRdomains 

comprising one or more amino acid variations may be referred to as variants. Mutation of amino 

acid residues of the TLR signaling domain may result in an increasing signaling transduction and 

enhanced stimulation 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.  

1001771 In some embodiments, theTLRpolypeptide comprises anamino acid sequencevariantof 

the TLR domains (e.g., TLR transmembrane domain and/or TLR signaling domain) described 

herein. In some embodiments, the'TLR polypeptide comprises an amino acid sequence variant of 

theTLR 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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introducing 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 residues 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

inflammatory activities.  

1001781 In some embodiments, theTLR molecule comprises one or more (e.g., at least 1, 2, 3, 4, 5, 

10, 15, 20 amino acids or more) conservative substitutions compared to the sequence of any one of 

the TLR molecule described herein. In some embodiments, theTLR molecule comprises at least 

about 80% sequence identity, such as at least about any one of 85%, 87%, 90%, 91%, 92%, 93%, 

94%, 95%, 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 modifying TLR molecules have similar anti-tumor activities and low toxicity.  

[00179] Conservative substitutions are shown in Table A below.  

TABLE A: CONSERVATIVE SUBSTITITIONS 

Original Exemplary Preferred 
Residue Substitutions Substitutions 

AkA)Val; Leu;le Val 
Arg (R) Lys; Gin; Asn Lys 

_AsnQ-- ( _Gln; His; Asp Lys; Arg _Gin 
Asp (D) Glu; Asn Glu 

Ser" Ala, Ser 
Gln (Q) Asn; Glu Asn 
GI (E) Asp; GIn Asp 
Gly (G) Ala Ala 
His (H) Asn; Gn; Lys; Arg Arg 
Ile (I) Leu; Val; Met; Ala; Phe; Norleucine Leu 
Leu (L) Norleucine; Ile; Val; Met; Ala; Phe le 
Lys (K) Arg; Gln; Asn Arg 
met (M) Leu; Phe; Ile Leu 
Phe (F) Trp; Leu; Val; Ile; Ala; Tyr Tyr 
Pro (P) Ala Ala 

SerS)Thr Thr 
Thr (T) Val; Ser Ser 

Tyr (Y) Trp; Phe; Thr; Ser Phe 
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Val (V) Ile; Leu; Met; Phe; Ala; Norleucine Leu 
Amino acids may be grouped into different classes according to common side-chain properties: 

a. hydrophobic: Norleucine, Met, Ala, Val, Leu, Ile; 

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

c. 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.  

[00180] One of skill in the art will recognize that any suitable method can be used for generating 

mutations in a gene of interest, including mutagenesis., polymerase chain reaction, homologous 

recombination, or any other genetic engineering technique known to a person of skill in the art. A 

mutation mnay involve a single nucleotide (such as a point mutation, which involves the removal, 

addition or substitution of a single nucleotide base within a DNA sequence) or it may involve the 

insertion or deletion of large numbers of nucleotides. Mutations can arise spontaneously as a result 

of events such as errors in the fidelity of DNA replication, or induced 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 in the art.  

1001811 A useful method for identification of residues or regions of a polypeptide that may be 

targeted for mutagenesis is 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, his, 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) is 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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1001821 Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions ranging 

in length from one residue to polypeptides containing a hundred or more residues, as well as 

intrasequence insertions of single or multiple amino acid residues.  

[001831 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 theTLR 

polypeptide described herein, without limitation, PK tag, FLAG octapeptide, MYC tag, HIS tag 

(usually a stretch of 4 to 10 histidine 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 limited 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 transmembrane domain, and an 

intracellular signaling domain. In some embodiments, the intracellular signaling domain comprises 

a primary intracellular signaling domain and/or a co-stimulatory domain. In some embodiments, the 

intracellular signaling domain comprises an intracellular signaling domain of a TCR co-receptor. In 

some embodiments, the engineered receptor is encoded by a third nucleic acid operably linked to a 

promoter (such as a constitutive promoter or an inducible promoter). In some embodiments, the 

engineered receptor is 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, U.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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1001851 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.  

[001861 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, US9765342B2, WO 2002/077029, W02015/142675, 

US2010/065818, US 2010/025177, US 2007/059298, W02017025038A1, andBerger C. et al., J.  

Clinical Investigation 118: 1 294-308 (2008), which are hereby incorporated by reference. In some 

embodiments, the modified immune cell is a 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 

intracellular 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.  

"Immune effector function or immune effector response" refers to function or response, e.g., of an 

immune effector cell, that enhances or promotes an immune attack of a target cell. For example, an 

immune effector function or response may refer to a property of a T or NK cell that promotes killing 

or the inhibition of growth or proliferation, of a target cell. Examples of immune effector function, 

e.g., in a CAR-Tcell, 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 intracellular 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 CD3 

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 entire 

intracellular (i.e., cytoplasmic) portion, or the entire native intracellular signaling domain, of the 

molecule, or a fragment or derivative thereof 

[001881 In some embodiments, the intracellular signaling domain of a CAR comprises a primary 

intracellular 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 

intracellular signaling domain comprises a functional signaling domain of a protein selected from 

the group consisting of CD3 zeta, CD3 gamma, CD3 delta., CD3 epsilon, common FcR gamma 

(FCER1G), FcR beta (Fc Epsilon Rib), CD79a, CD79b, Fgamma RIa, DAPI0, and DAP 12. In 

some embodiments, the primary intracellular 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 FcR gamma (FCERIG), FcR beta (Fc Epsilon Rib), 

CD79a, CD79b, Fegamma RIa, DAPI, and DAP 12. The nonfunctional or attenuated signaling 

domain can be a mutant signaling domain having a point mutation, insertion or deletion that 

attenuates or abolishes one or more immune effector functions, such as cytolytic activity or helper 

activity, including antibody-dependent cellular toxicity (ADCC). In some embodiments, the CAR 

comprises a nonfunctional or attenuated CD3 zeta (i.e., CD3( or CD3z) signaling domain. In some 

embodiments, the intracellular signaling domain does not comprise a primary intracellular signaling 

domain. An attenuated primary intracellular 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 

widtype primary intracellular signaling domain.  

[00189] 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 domains. "Co-stimulatory domain" can be the 

intracellular portion of a co-stimulatory molecule. The term "co-stimulatory molecule" refers to a 

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 

limited 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-like 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 MIHC class I molecule, BTLA and a Toll ligand receptor, as well as OX40, 

CD27, CD28, CDS, ICAM-1, LFA-I (CD11a/CD18), ICOS (CD278), and 4-IBB (CD137). Further 

examples of such co-stimulatory molecules include CDS, ICAM-I, GITR, BAFFR, FVEM 

(LIGHTR), SLAMIF7, NKp80 (KLRF1), NKp44, NKp30, NKp46, CD160, CD19, CD4, CD8alpha, 

CD8beta, IL-2R beta, IL-2R gamma, IL-7R alpha, ITGA4, VLAI, CD49a, ITGA4, IA4, CD49D, 

ITGA6, VLA-6, CD49f, ITGAD, CDI1d, ITGAE, CD103., ITGAL, CDIIa, LFA-1, ITGAM, 

CDIIb, ITGAX., CDIIc, ITGB1, CD29, ITGB2, CDI8, LFA-1, ITGB7, NKG2D, NKG2C, 

TGFR2, TRANCE/RANKL, DNAMI (CD226), SLAMF4 (CD244, 2B1). CD84, CD96 (Tactile), 

CEACAM1, CRTAM, Ly9 (CD229), CD160 (BY55), PSGLI, CDIOO (SEMA4D), CD69, 

SLAMF6 (NTB-A, Lyl08). SLAM (SLAMFI, CD]50, IPO-3), BLAME (SLAMF8), SELPLG 

(CD162), LTBR, LAT, GADS, SLP-76, PAG/Cbp, CD9a., and a ligand that specifically binds with 

CD83.  

[00190] 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 

intracellular signaling domain comprises a functional primary intracellular 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 intracellular 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 intracellular 

signaling domain (such as a mutant CD3') 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-iBB (i.e., CD37), OX40, CD30., CD40, CD3, 
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lymphocyte function-associated antigen-I(LFA-1), CD2, CD7, LIGHT, NKG2C, B7-H3 and 

ligands that specially bind to CD83.  

1001911 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 CD3( and a co-stimulatory signaling domain 

of CD28. In some embodiments, the intracellular signaling domain in the chimeric receptor of the 

present application comprises a co-stimulatory signaling domain derived from 4-IBB (i.e., CD137).  

In some embodiments, the intracellular signaling domain comprises a cytoplasmic signaling domain 

of CD3r and a co-stimulatory signaling domain of 4-1BB.  

[00192] 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 intracellular signaling domain comprises a cytoplasmic signaling domain of 

CD3, 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-terminus 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 CD3(.  

[001931 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 (sdAb), or a VHH domain.  

In some embodiments, the targeting domain of the CAR is a ligand or an extracellular 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 is 

a bispecific or multispecific CAR with targeting domains that bind two or more tumor antigens. In 

some embodiments, the tumor antigen is selected from the group consisting of CD19, NKG2D, 

BCMA, NY-ESO-1, VEGFR2, MAGE-A3, CD20, CD22, CD33, CD38, CEA, EGFR (such as 

EGFRvIII), GD2, HER2, IGFIR, mesothelin, PSMA, RORI, WTI, and other tumor antigens with 

clinical 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 

EGFRvIII), GD2, GPC-2, GPC3, CLDN18.2, HER2, LILRB4, IL-13Ra2, IGFIR, mesothelin, 

96



WO 2023/020558 PCT/CN2022/113170 

PSMA, RORI, WT1, NKG2D, CLL1,TGFaRII, TGFbRII, CCR5, CXCR4, CCR4, HPV related 

antigens, and EBV related antigens (e.g., LMP1 or LMP2).  

1001941 In some embodiments, the CAR is an anti-CDI9 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-CD19 CAR comprises 

from the N-terminus to the C-terminus: a signal peptide, an anti-CD19 scFv, a CD8Ra 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-CD19 scFv comprises the amino acid sequence of SEQ ID NO: 6. In some 

embodiments, the anti-CDI9 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: 2. In some embodiments, the anti-CD19 

CAR comprises SEQ ID NO: 2.  

[00195] In some embodiments, the anti-CD19 CAR is part of a CAR system (e.g., a CAR fusion 

construct), wherein the CAR fusion construct comprises the anti-CD19 CAR molecule and anti

CD20 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%, 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-terminus to the C-terminus: a signal peptide, an anti-CD19 scFv, a CD8 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, aTLR4 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) 
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sequence identity to SEQ ID NO: 1. In some embodiments the CAR fusion construct comprises 

SEQ ID NO: 1.  

1001961 In some embodiments, the anti-CD19 CAR is 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-NKG2D 

ECD, aTLR4 transmembrane domain, and aTLR4 signaling domain (e.g., the cytoplasmic portion 

of TLR4). In some embodiments, each of the first polypeptide and the second polypeptide 

comprisesanaminoacidsequence 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-terminus to the C-terminus: a signal peptide, an anti-CDI9 seFv, a CD8a 

hinge domain, a CD8u transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB 

(CD137) co-stimulatory signaling domain, and a CD31Lprimary intracellular signaling domain, a 

P2A cleavage site, a signal peptide, an anti-NK(2D 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 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 CD8 

hinge domain, a CD8u transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB 

(CDi37) 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%, 88%, 89%, 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 NO: 60.  
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1001971 In some embodiments, the CAR is an anti-CLLI 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-CLL CAR comprises 

from the N-terminus to the C-terminus: a signal peptide, an anti-CLL1 sdAb, a CD28a hinge 

domain, a CD28a transmembrane (TM) domain, the cytoplasmic portion of the CD28 co

stimulatory signaling domain, and a CD3Q primary intracellular signaling domain. In some 

embodiments, the anti-CLLI sdAb comprises the amino acid sequence of SEQ ID NO: 14. In some 

embodiments, the anti-CLL1 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: 4. In some embodiments the anti-CLL1 

CAR comprises SEQ ID NO: 4.  

[00198] In some embodiments, the CAR is an anti-CLLI/CD33 dual 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

CLLi/CD33 dual CAR comprises from the N-terminus to the C-terminus: a signal peptide, an anti

CLLsdAb, an anti-CD33 V domain sdAb, a CD8a hinge domain, a CD8a transmembrane (TM) 

domain, the cytoplasmic portion of the 4-1BB (CDI37) co-stimulatory signaling domain, and a 

CD3; primary intracellular signaling domain. In some embodiments, the anti-CLI 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 NO: 21. In some embodiments, the anti-CLLI/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 identity to SEQ ID NO: 43. In some embodiments the anti-CLLI/(D33 dual CAR 

comprises SEQ ID NO: 43.  

[00199 In some embodiments, the anti-CLL CAR is part of a CAR system (e.g., a CAR fusion 

construct), wherein the CAR fusion construct comprises an anti-CLL1 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 TLR4). 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%, 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-terminus to the C

terminus: a signal peptide, an anti-CLLi sdAb, a CD8a hinge domain, a CD8. transmembrane 

(TM) domain, the cytoplasmic portion of the 4-IBB (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 

anaminoacid 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: 71. In some embodiments the CAR fusion construct comprises SEQ ID NO: 71 

[00200] In some embodiments, the anti-CLL CAR is part of a CAR system (e.g., a CAR fusion 

construct), wherein the CAR fusion construct comprises an anti-CLLI CAR adanti-CD33 (e.g., 

anti-CD33 V domain and/or anti-CD33 C2 domain) TLR polypeptides. In some embodiments, a 

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 TLR2 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 C2 domain sdAb, a TLRI transmembrane domain, and a 

TLRi signaling domain (e.g., the cytoplasmic portion of TLRI). 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 polypeptide comprises SEQ ID 

NO: 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%, 91%, 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-CLLI sdAb, a CD28U 

hinge domain, a CD28a transmembrane (TM) domain, the cytoplasmic portion of the CD28 co

stimulatory signaling domain, and a CD3( primary intracellular signaling domain, a P2A cleavage 
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site, a signal peptide, an anti-CD33 V domain sdAb, a TLR2 transmembrane domain, a TLR2 

signaling domain (e.g., the cytoplasmic portion of TLR2), a P2A cleavage site, a signal peptide, an 

anti-CD33 C2 domain sdAb, a TLRI transimembrane domain, and aTLRI signaling domain (e.g., 

the cytoplasmic portion of TLRi). In some embodiments, the CAR fusion construct comprises an 

aminoacid 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: 3.  

[002011 In some embodiments, the CAR is 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., W02012/079000, 

which is incorporated herein in its entirety. In some embodiments, the anti-GPC3 CAR 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 CD3Q primary intracellular signaling domain. In some 

embodiments, the anti-GPC3 scFv comprises the amino acid sequence of SEQ ID NO: 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: 56.  

[00202] In some embodiments, the anti-GPC3 CAR is 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 CD8 hinge domain, a CD8a transmembrane 

(TM) domain, the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory signaling domain, and 

aCD3 primaryintracellular 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 

identity to SEQ ID NO: 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
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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, aTLR4 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: 58. In some embodiments the CAR fusion construct comprises 

SEQ ID NO: 58.  

[00203] In some embodiments, the CAR is an anti-BCMA CAR (e.g., a single anti-BCMA CAR or 

a tandem anti-BCMA CAR). In some embodiments, the anti-BCIA CAR is a single anti-BCMA 

CAR. In some embodiments, the anti-BCMA CAR is a tandem anti-BCIA 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 single anti

BCMA CAR comprises from the N-terminus to the C-terminus: a signal peptide, a single anti

BCMA sdAb, a CD8 hinge domain, a CD8a transmembrane (TM) domain, the cytoplasmic 

portion of the 4-1BB (CD137) co-stimulatory signaling domin, and a CD3( primaryintracellular 

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%, 

89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or higher) sequence identity to SEQ 

ID NO: 67. In some embodiments the single anti-BCMA CAR comprises SEQ ID 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 CD8u 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 tandem anti-BCVA 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 NO: 66. In some embodiments the tandem anti-BCMA CAR 

comprises SEQ ID NO: 66.  

1002041 In some embodiments, the anti-BCMA CAR is 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-BCMATLR 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 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-BCM1LA 

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 identity to SEQ 

ID NO: 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 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, a P2A cleavage site, a signal peptide, a single anti-BCMA 

sdAb, a CD8a hinge domain, a TLR4 transmrembrane (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 CD8l hinge domain, a CD8a 

transmembrane (TM) domain, the cytoplasmic portion of the 4-iBB (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 CD28a hinge domain, aTLR4 transmembrane (TM) region, 

and the cytoplasmic portion ofTLR4 (e.g., TLR4 primary intracellular 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 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 CD8. transmembrane (TM)domain, the cytoplasmic portion of the 4-1BB 

(CD137) co-stimulatory signaling domain, and a CD31 primary intracellular 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%, 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 

[00205] In some embodimen embodiments, the anti-BCMA CAR is 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-GPRC5D 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 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, a P2A cleavage site, a signal peptide, an anti

GPRC5D scFv, aTLR4 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: 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-BCVA sdAb, a CD8a hinge domain, a CD8a 

transmembrane (TM) domain, the cytoplasmic portion of the 4-IBB (CD137) co-stimulatory 

signaling domain, and a CD3( primary intracellular signaling domain, a P2A cleavage site, a signal 

peptide, an anti-GPRC5D scFv, a CD8a hinge domain, a TLR4 transmembrane ('ITM) region, and 

the cytoplasmic portion ofTLR4 (e.g., TLR4 primary intracellular signaling domain). In some 
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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-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 CD3L primary intracellular signaling domain, a 

P2A cleavage site, a signal peptide, an anti-GPRC5D scFv, a CD28a hinge domain, a TLR4 

transmembrane (TVI) 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: 73.  

In some embodiments the CAR fusion construct comprises SEQ ID 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 chain of a 

T-cell receptor, CD28, CD3 epsilon, CD45, CD4, CD5, CD8, CD9, CD16, CD22, CD33, CD37, 

CD64, CD80, CD86, CD134, CD137, CD154, KIRDS2, OX40, CD2, CD27, LFA-I (CDI1a, 

CDI8), ICOS (CD278), 4-1BB (CD137), GITR, CD40, BAFFR, IVEM (LIGHTR), SLAMF7, 

NKp80 (KLRF), CD160, CD19, IL-2R beta, IL-2R gamna, IL-7R a, ITGA1, VLA1, CD49a, 

ITGA4, IA4, CD49D, ITGA6, VLA-6, CD49f, ITGAD, CDIId, ITGAE, CD103, ITGAL, CDIIa, 

LFA-1, ITGAM, CDIIb, ITGAX, CDIIc, ITGB1, CD29, ITGB2, CD18, LFA-1, ITGB7, TGFR2, 

DNAM1 (CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile), CEACAMI, CRT AM, Ly9 

(CD229), CDI60 (BY55), PSGL1, CDIOO (SEMA4D), SLAMF6 (NTB-A, Lyl08), SLAM 

(SLAMFI, CD150,IIPO-3), BLAME (SLAMF8), SELPLG (CD162), LTBR, PAG/Cbp, NKp44, 

NKp30, NKp46, NKG2D, and/or NKG2C. In some embodiments, thetransmembrane domainofthe 

CAR is a CD4, CD3, CD8a, or CD28 transmembrane domain. In some embodiments, the 

transmembrane domain of the CAR comprises a transmembrane domain of CD8a.  

[00207] In some embodiments, the extracellular domain is connected to thetransmembrane domain 

by a hinge region. In one embodiment, the hinge region comprises the hinge region of CD8w.  

[00208] In some embodiments, the CAR comprises a signal peptide, such as a CD8aSP.  
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1002091 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 CD19, CLL, GPC3, BCMA, NY-ESO-1, 

VEGFR2, MAGE-A3, VEGFR2, MAGE-A3, CD20, CD22, CD33, CD38, CEA, EGFR (such as 

EGFRvIII), GD2, HER2, IGFIR, mesothelin, PSMA, RORI, WTI, 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 p53 

tumor suppressor antigens,TCRs for tumor antigens in melanoma (e.g., MARTI, gp 100), leukemia 

(e.g., WT1, minor histocompatibility antigens), and breast cancer (HER2, NY-BRl, for example).  

Any of the TCR-s known in the art may be used in 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 et a. Immunotherapy through TCR gene transfer. Nat. Immunol. 2, 957-961 (2001). In 

some embodiments, the modified immune cell is a TCR-T cell.  

[00210] The TCR receptor complex is an octomeric complex formed by variable TCR receptor a 

and chains (y and 6 chains on case of y6 T cells) with three dimeric signaling modules CD36/s, 

CD3/F and CD247 (T-cell surface glycoprotein CD3 zeta chain) 6/or 'q Ionizable residues in the 

transmembrane domain of each subunit form a polar network of interactions that hold the complex 

together. TCR complex has the function of activating signaling cascades inTcells.  

[002111 In some embodiments, the engineered receptor is an engineered TCR comprising one or 

more T-cell receptor (TCR) fusion proteins (TFs). 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 domain 

or portion thereof of a protein selected from the group consisting of aTCR alpha chain, a TCR beta 

chain, a CD3 epsilonICR 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, theTFP comprises a transmembrane domain that 

comprises a transmembrane domain of a protein selected from the group consisting of a TCR alpha 

chain, aTCR beta chain, a CD3 epsilon'TCR subunit, a CD3 gammaTCR 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 epsilon TCR subunit, a CD3 gamma 

TCR subunit, a CD3 delta TCR subunit, CD45, CD4, CD5, CD8, CD9, CD16, CD22, CD33, CD28, 

CD37, CD64, CD80, CD86, CD134, CD137, CD154, functional fragments thereof, and amino acid 

sequences thereof having at least one but not more than 20 modifications.  

[002121 In some embodiments, the TFP comprising aTCR subunit comprising at least a portion of 

aTCR extracellular domain, and aTCR intracellular domain comprising a stimulatory domain from 

an intracellular 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 in a T cell.  

[00213] 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 intracellular signaling domain of CD3 gamma; 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 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 intracellular domain comprising a stimulatory domain from 

an intracellular signaling domain of CD3 delta; and an antigen binding domain, wherein the TCR 

subunit and the antigen binding domain are operatively linked, andwherein the TFP incorporates 

into a TCR when expressed in a T cell.  

[002151 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 stimulator domain from 

an intracellular 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 

into a TCR when expressed in a T cell.  

1002161 In some embodiments, theTFP comprises a TCR subunit comprising at least a portion of a 

TCR extracellular domain, and aTCR intracellular domain comprising a stimulatory domain from 

an intracellular signaling domain of TCR beta; and an antigen binding domain wherein theTCR 
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subunit and the antigen binding domain are operatively linked, and wherein theTFP incorporates 

into a TCR when expressed in a Tcell.  

1002171 In some embodiments, the engineered receptor is a T-cell antigen coupler (TAC) receptor.  

ExemplaryTAC receptors have been described, for example, in US20160368964A1, which is 

incorporated herein by reference. In some embodiments, theTAC comprises a targeting domain, a 

TCR-binding domain that specifically binds a protein associated with theTCR complex, and aT

cell receptor signaling domain. In some embodiments, the targeting domain is an antibody fragment, 

such as scFv or VHH, which specifically binds to a tumor antigen. In some embodiments, the 

targeting domain is a designed Ankyrin repeat (DARPin) polypeptide. In some embodiments, the 

tumor antigen is selected from the group consisting of CD19, GPC3, CLL, BCMA, NY-ESO-i, 

VEGFR2, MAGE-A3. VEGFR2, MAGE-A3, CD20, CD22, CD33, CD38, CEA, EGFR (such as 

EGFRvIII), GD2, HER2, IGFIR, mesothelin, PSMA., RORI, WT1, and other tumor antigens with 

clinical significance. In some embodiments, the protein associated with the TCR complex is CD3, 

such as CD3. In some embodiments, the TCR-binding domain is a single chain antibody, such as 

scFv, or a VH In some embodiments, the TCR-binding domain is derived from UCHTI. In some 

embodiments, theTAC 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, CDS, 

CD28, CD45, CD4, CD5, CD9, CD16, CD22, CD33, CD37, CD64, CDSO., CD86, 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 CD8ct).  

[00218] T cell co-receptors are expressed as membrane protein on T cells. They can provide 

stabilization of the TCR: peptide: MH-IC complex and facilitate signal transduction. The two 

subtypes of T cell co-receptor, CD4 and CD8, display strong specificity for particular M/H-IC 

classes. The CD4 co-receptor can only stabilize TCR: MHC II complexes while the CD8 co

receptor can only stabilize the TCR: MHC I complex. The differential expression of CD4 and CD8 

on differentTcell types results in distinct T cell functional subpopulations. CD8+T cells are 

cytotoxic T cells.  
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1002191 CD4 is a glycoprotein expressed on the surface of immune cells such as Thelper cells, 

monocytes, macrophages, and dendritic cells. CD4 has four immunoglobulin domains (D1 to D4) 

exposed on the extracellular cell surface. CD4 contains a special sequence of amino acids on its 

short cytoplasmic/intracellular tail, which allow CD4 tail to recruit and interact with the tyrosine 

kinase Lek. When theTCR complex and CD4 each bind to distinct regions of the MHC II molecule, 

the close proximity between theTCR complex and CD4 allows Lek bound to the cytoplasmic tail of 

CD4 to tyrosine-phosphorylate the ImmunoreceptorTyrosine Activation Motifs (ITAN) on the 

cytoplasmic domains of CD3, thus amplifyingICR generated signal.  

1002201 CD8 is a glycoprotein of either a homodimer composed of two a chains (less common), or 

a heterodimer composed of one a and one Pchain (more common), each comprising an 

immunoglobulin variable (IgV)-like extracellular domain connected to the membrane by a thin 

stalk, and an intracellular tail. CD8 is predominantly expressed on the surface of cytotoxic T cells, 

but can also be found on natural killer cells, cortical thymocytes, and dendritic cells. The CD8 

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 initiates a cascade of phosphorylation, eventually leading to gene transcription.  

[00221] In some embodiments, the modified immune cell expresses more than one engineered 

receptors, such as any combination of CAR, TCR, TAC receptor.  

[00222] 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, carcinoembryonic antigen (CEA), r-human chorionic gonadotropin, alphafetoprotein 

(AFP), lectin-reactive AFP, thyroglobulin, RAGE-1, MN-CAIX, human telomerase reverse 

transcriptase, RUI, RU2 (AS), intestinal carboxyl esterase, mut hsp70-2, M-CSF, prostase, prostate

specific antigen (PSA), PAP, NY-ESO-1, LAGE-la, p53, CLL1, BCMA, GPC3, CD19, prostein, 

PSMA, HER2/neu, survivin and telomerase, prostate-carcinoma tumor antigen-1 (PCTA-1), 

MAGE, ELF2M, neutrophil elastase, ephrinB2, CD22, insulin growth factor (IGF)-I, IGF-II, IGF-I 

receptor and mesothelin.  
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1002231 In some embodiments, the tumor antigen comprises one or more antigenic cancer epitopes 

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 limited to tissue-specific 

antigens such as MART-1, tyrosinase and gplOO 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/Neu/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, thetumor antigen is a tumor-specific antigen (TSA) or atumor

associated antigen (TAA). A TSA is unique to tumor cells and does not occur on other cells in the 

body. A TAA associated antigen is not unique to a tumor cell, and instead is also expressed on a 

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 immune system is 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.  

1002251 Non-limiting examples of TSA or TAA antigens include the following: Differentiation 

antigens such as MART-1/MelanA (MART-), gp 100 (Pmel 17), tyrosinase, TRP-, TRP-2and 

tumor-specificmultilineage 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 p53, Ras, HER2/neu; unique tumor antigens resulting from chromosomal 

translocations; such as BCR-ABL, E2A-PRL, 14-RET, IGH-IGK, MYL-RAR; and viral antigens, 

such as the Epstein Barr virus antigens EBVA 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-ESO, pl85erbB2, pl80erbB-3, c-met, nm-23H, PSATAG-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, 791Tgp72, alpha

fetoprotein, beta-HCG, BCA225, BTAA, CA 125, CA 15-3\CA 27.29\BCAA, CA 195, CA 242, 
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CA-50, CAM43, CD68\P1, CO-029, FGF-5, G250, ia733\EpCAM, HTgp-175, M344, MA-50, 

MG7-Ag, MOV18, NB/70K, NY-CO-I, RCAS 1, SDCCAG16,TA-90\Mac-2 binding 

protein\cyclophilin C-associated protein, TAAL6, TAG72, TLP, and TPS.  

Nucleic acids 

1002261 The modified immune cells described herein comprises one or more heterologous nucleic 

acids sequence(s) encoding any one of theTLR polypeptides (e.g., a first polypeptide and/or a 

second polypeptide) and/or engineered receptors described herein.  

[002271 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 is 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 is a DNA. In some embodiments, the nucleic acid is a RNA. In some embodiments, the nucleic 

acid is linear. In some embodiments, the nucleic acid is circular.  

[00228] 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 initiation, regulation and/or termination 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 3' sequences), 

translation (e.g. an initiator Met, tripartite leader sequences, IRES ribosome binding sites, signal 

peptides, etc.). and insertion site for introducing an insert 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.  

[002291 The term "regulatory sequence" or "control sequence" refers to a DNA sequence that 

affects the expression of a coding sequence to which it is operable 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, 

111



WO 2023/020558 PCT/CN2022/113170 

regulatory sequences include promoters, terminators and, in some instances, enhancers, 

transactivators or transcription factors.  

1002301 The term "operably linked" refers to ajuxtaposition 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.  

1002311 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 towhich it is 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 initiation activity of RNA polymerase (i.e., binding of one or 

more transcription factors). These sequences can be cis acting or can be responsive to trans acting 

factors. Promoters, depending upon the nature of the regulation, can be constitutive or regulated.  

Regulated promoters can be inducible or environmentally responsive (e.g. respond to cues such as 

p1, anaerobic conditions, osmoticum, temperature, light, 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, et al., Molecular Cloning: 

A Laboratory Manual, 2nd Ed., Cold Spring Harbor Press (1989).  

[00232] In some embodiments, the nucleic acid sequence encoding the first polypeptide is operably 

linked to a first promoter. In some embodiments, the nucleic acid sequence encoding the second 

polypeptide is operably linked to a second promoter. In some embodiments, the first polypeptide is 

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 

polypeptide 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.  

1002331 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 

acid and the third nucleic acid are operably linked to the same promoter. In some embodiments, the 

econdnucleic 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.  

100234 In some embodiments, the promoter is an endogenous promoter. For example, a nucleic 

acid 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 immune cell. In some embodiments, wherein the 

modified immune cell is a T cell, the promoter is a T cell activation-dependent promoter (such as an 

IL-2 promoter, an NFAT promoter, or an NFxB promoter). In some embodiments, the promoter is a 

heterologous promoter.  

[00235] Varieties 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 receptor is 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 linked to an inducible promoter. 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 an inducible promoter is 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 linked to the nucleic acid sequence 
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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 an inducible 

promoter is 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 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 is 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 first polypeptide. In 

some embodiments, a first constitutive promoter is operably linked to the nucleic acid sequence 

encoding the first polypeptide, a first inducible promoter is operably linked to the nucleic acid 

sequence encoding the engineered receptor, and a second 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 first inducible promoter is operably linked to the nucleic acid sequence encoding the 

engineered receptor, and a second inducible promoter is operably linked 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 

econdinduciblepromoter is operable linked to the nucleic acid sequence encoding the first 

polypeptide.  

1002361 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 second polypeptide, and a third inducible promoter is operably 

linked to the nucleic acid sequence encoding 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 second 

polypeptide, and a constitutive promoter is 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 operable linked 

to the nucleic acid sequence encoding the engineered receptor, and a constitutive promoter is 

operably linked to the nucleie 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 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 first polypeptide. In some embodiments, a first inducible promoter is 

operably linked to the nucleic acid sequence encoding the first 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 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 is operably linked to the nucleic acid sequence encoding the 

second polypeptide, and a second constitutive promoter is operably linked to the nucleic acid 

sequence encoding the first polypeptide.  

1002371 In some embodiments, the first inducible promoter is inducible by a first inducing 

condition, the second inducible promoter is inducible by a second inducing condition, and the third 

inducible promoter is inducible by a third inducing condition. In some embodiments, the first 

inducing condition is the same as the second inducing condition. In some embodiments, the first 

inducing condition is the same as the third inducing condition. In some embodiments, the second 

inducing condition is the same as the third inducing condition. In some embodiments, the first 

inducing condition, the second inducing condition, and the third inducing condition are all the same.  

In some embodiments, the first inducible promoter and the second inducible promoter are induced 

simultaneously. 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 

inducible promoter are induced sequentially, for example, the first inducible promoter is induced 

prior to the second inducible promoter and the second inducible promoter is induced prior to the 

third inducible promoter, the first inducible promoter is induced after the second inducible promoter 

and the second inducible promoter is induced prior to the third inducible promoter, or the first 

inducible promoter is induced after the second inducible promoter and the second inducible 

promoter is induced after to the third inducible promoter.  

1002381 Constitutive promoters allow heterologous genes (also referred to as transgenes) to be 

expressed constitutively in the host cells. Exemplary constitutive promoters contemplated herein 

include, but are not limited to, Cytomegalovirus (CMV) promoters, human elongation factors

lalpha (hEFl a), ubiquitin C promoter (UbiC), phosphoglycerokinase promoter (PGK), simian virus 

40 early promoter (SV40), and chicken r-Actin promoter coupled with CIV early enhancer 

(CAGG). The efficiencies of such constitutive promoters on driving transgene expression have been 

widely compared in a huge number of studies. In some embodiments, the promoter is a hEFlu 

promoter.  

[00239] In some embodiments, the promoter is an inducible promoter. Inducible promoters belong 

to the category of regulated promoters. The inducible promoter can be induced by one or more 

conditions, such as a physical condition, microenvironment of the modified immune cell, or the 

physiological state of the modified immune cell, an inducer (i.e., an inducing agent), or a 

combination thereof. In some embodiments, theinducing 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 is selected from the 

group consisting of. inducer, irradiation (such as ionizing radiation, light), temperature (such as 

heat), redox state, tumor environment, and the activation state of the modified immune cell.  

1002401 In some embodiments, the promoter is inducible by an inducer. In some embodiments, the 

inducer is a small molecule, such as a chemical compound. In some embodiments, the small 

molecule is 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.  

Doxycycline-inducible system with reverse tetracycline-controlled transactivator (rtTA) and 

tetracycline-responsive element promoter (TRE) is the most established system at present.  

W09429442 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.  

1002411 In some embodiments, the inducer is a polypeptide, such as a growth factor, a hormone, or 

a ligand 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 (W09637609 and WO9738117 etc.).  

[00242] 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 in the art, and may be suitable for use in the present application. The first 

small molecule CID system, developed in 1993, used FK1012, a derivative of the drug FK506, to 

induce homo-dimerization of FKBI. By employing similar strategies, Wu et al successfully make 

the CAR-T cells titratable through an ON-switch manner by using Rapalog/FKPB-FRB* and 

Gibberellmne/GID-GAI dimerization dependent gene switch (C.-Y. Wu et al., Science 350, 

aab4077 (2015)). Other dimerization dependent switch systems include Coumermycin/GyrB-GyrB 

(Nature 383 (6596): 178-81), and HaXS/ Snap-tag-Halolag (Chemistry and Biology 20 (4): 549

57).  

[002431 In some embodiments, the promoter is a light-inducible promoter, and the inducing 

condition is light. Light inducible promoters 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 
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regulation systems can be roughly divided into 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 nm), triggers an intracellular calcium increase that result in 

calcineurin-mediated mobilization of NFAT, were developed and tested in mammalian cells. More 

recently, Motta-Mena et al 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 interaction of photoreceptor phytochrome B (PhyB)and 

phytochrome-interacting factor 6 (PIF6) of Arabidopsis thaliana was exploited for a red light 

triggered gene expression regulation. Furthermore, ultraviolet B (UVB)-inducible gene expression 

system 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. '0, 2 015). 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 is a light-inducible promoter that is induced by a 

combination of a light-inducible molecule, and light. For example, a light-cleavable photocaged 

group on a chemical inducer keeps the inducer inactive, unless the photocaged group is removed 

through irradiation or by other means. Such light-inducible molecules include small molecule 

compounds, oligonucleotides, and proteins. For example, caged ecdysone, caged IiTG for use with 

the lac operon, caged toyocamycin for ribozyme-mediated gene expression, caged doxycycline 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)).  

1002451 In some embodiments, the promoter is a radiation-inducible promoter, and the inducing 

condition is 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 

ionizing radiation. Exemplary immediate early genes include, but are not limited to, Erg-I, 

p21/WAF-1, GADD45alpha, t-PA, c-Fos, c-Jun, NF-kappaB, andAP1. The immediate early genes 

comprise radiation responsive sequences in their promoter regions. Consensus sequences 
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CC(A/T)6GG have been found in the Erg- Ipromoter, 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 CellTherapy: Therapeutic 

Mechanisms and Strategies, Fourth Edition CRC Press, Jan. 20', 2015.  

[002461 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, 

Hsp10 etc. 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 hsp70B gene, which was first described in 1985 appears to be one of the 

most highly-efficient heat inducible promoters. Huang etal reported that after introduction of 

hsp7OB-EGFP, hsp70B-TNFalpha and hsp70B-1L12 coding sequences,tumorcellsexpressed 

extremely high transgene expression upon heat treatment, while in the absence of heat treatment, the 

expression of transgenes were not detected. And tumor growth was delayed significantly in the IL12 

transgene plus heat treated group of mice in vivo (Cancer Res. 60:3435 (2000)), Another group of 

scientists linked the HSV-tk suicide gene to hsp70B promoter and test the system in nude mice 

bearing mouse breast cancer. Mice whose tumor had been administered the hspOB-HSVtk 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. 2 0 h, 2015. Any of the heat-inducible 

promoters discussed herein may be used to drive the expression of the therapeutic protein of the 

present application.  

1002471 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 

instance, Post DE et al developed hypoxia-inducible factor (HIF) responsive promoter which 

specifically and strongly induce transgene expression in HIF-active tumor cells (Gene'Ther. 8: 

1801-1807 (2001); Cancer Res. 67: 6872-6881 (2007)).  
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1002481 In some embodiments, the promoter is inducible by the physiological state, such as an 

endogenous activation signal, of the modified immune cell. In some embodiments, wherein the 

modified immune cell is a T cell, the promoter is aTcell activation-dependent promoter, which is 

inducible by the endogenous activation signal of the modified Tcell. In some embodiments, the 

modified T cell is activated by an inducer, such as phorbol myristate acetate (PIA), ionomycin, or 

phytohaemagglutinin. Insome embodiments, the modified Tcell 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 Tcell activation-dependent promoter is an IL-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 NFvB promoter.  

[002491 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 5'UTR, 3'UTR, enhancer sequence, IRES, 

transcription termination sequence), recombination sites, one or more selection markers (such as 

antibiotic resistance gene, reporter gene, etc.), signal sequence, or combinations thereof 

[00250] 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 herein. 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 herein. In some embodiments, the first nucleic acid sequence 

encoding the first polypeptide is fused to the second nucleic acid sequence encoding the engineered 

receptor via a third nucleic acid sequence encoding a self-cleavable linker, such as P2A, T2A, E2A, 

or F2A peptide. In some embodiments, the P2A sequence is GSGATNFSLLKQAGDVEENPGP 

(SEQ ID NO: 24). In some embodiments, there is 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 CLL1 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 self-cleavable linker, 

such as P2A. In some embodiments, the vector comprises a nucleic acid sequence encoding the 

amino acid sequence of SEQ ID NO: 1.  

1002511 In some embodiments, there is 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 is 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 is fused to the second nucleic acid sequence 

encoding the engineered receptor via a fourth nucleic acid sequence encoding a self-cleavable 

linker, such as P2A, T2A, E2A, or F2A peptide. In some embodiments, the first nucleic acid 

sequence encoding the first polypeptide is 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 P2A, T2A, E2A, or F2A peptide. In some embodiments, the P2A sequence is 

iSGATNFSLLKQ AGDVEENPGP (SEQ ID NO: 24). In some embodiments, there is 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 CD19 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 

acid sequence of SEQ ID NO: 3.  

1002521 A "vector" is 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.  

[00253] In some embodiments, the vector is a viral vector. Examples of viral vectors include, but 

are not limited to, adenoviral vectors, adeno-associated virus vectors, lentiviral vector, retroviral 

vectors, vaccinia vector, herpes simplex viral vector, and derivatives thereof Viral vector 

technology is well known in the art and is described, for example, in Sambrook et al. (2001, 

Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, New York), and in 

other virology and molecular biology manuals.  

[00254] A number of viral based systems have been developed for gene transfer into mammalian 

cells. For example, retroviruses provide a convenient platform for gene delivery systems. The 

heterologous nucleic acid can be inserted into a vector and packaged in retroviral particles using 

techniques known in the art. The recombinant virus can then be isolated and delivered to the 

modified immune cell in vitro or ex vivo. A number of retroviral systems are known in the art. In 

some embodiments, adenovirus vectors 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 lentiiralvectors 

can be used to transduce a mammalian cell (such as human T cells) using methods known in the art.  

1002551 In some embodiments, the vector is a non-viral vector, such as a plasmid, or an episomal 

expression vector.  

1002561 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 

into 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 promoters 

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 AOXI or GAL1 promoter in yeast or the CMV-, SV40-, 

RSV-promoter (Rous sarcoma virus), CMV-enhancer, SV40-enhancer or a globin intron in 

mammalian and other animal 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 termination 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 

simplified purification of expressed recombinant product. Suitable expression vectors are known in 

the art such as Okayama-Berg cDNA expression vector pcDV (Pharmacia), pEF-Neo, pCDM8, 

pRc/CMV, pcDNA, pcDNA3 (Invitrogen), pEF-DHFR and pEF-ADA, (Raum et al., Cancer 

Immunol Immunother (2001) 50(3), 141-150) or pSPORTi (GIBCO BRL).  

Methods ofpreparation 

[002571 The present application also provides methods of preparing any one of the modified 

immune cells described herein.  

[002581 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 is selected from the group consisting of a cytotoxicT cell, 

a helper T cell, a natural killer (NK) cell, an NK-T cell, an iNK-T cell, an NK-T like cell, an pT 

cell and a y6T cell. In some embodiments, the precursor immune cell is a cytotoxic T cell. In some 

embodiments, the precursor immune cell is a y6T cell. In sone embodiments, the precursor immune 
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cell is a tumor-infiltrating T cell or DC-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 into the precursor immune cell a third nucleic acid 

encoding any one of the engineered receptors described herein.  

1002591 In some embodiments, the engineered receptor is a chimeric antigen receptor (CAR). In 

some embodiments, the engineered receptor is a modified T-cell receptor (TCR). In some 

embodiments, the engineered receptor is 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 operable 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 nucleic acid, and/or the third 

nucleic acid sequence are on separate vectors. In some embodiments, the vector is a viral vector. In 

some embodiments, 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 simplex viral vector, 

and derivatives thereof In some embodiments, the vector is a non-viral vector. In some 

embodiments, the vector is 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 pharmaceutical acceptable carrier.  

1002601 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.  

1002611 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, 

including 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 

individual using any number of techniques known in the art, such as FICOLLTM separation. 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 semi-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, Ca2 -free,Mg 2+ 

free PBS, PlasmaLyte A, or other saline solutionwith orwithout buffer. Alternatively, the 

undesirable components of the apheresis sample may be removed and the cells directly resuspended 

in culture media.  

[002621 In some embodiments, primary Tcells are isolated from peripheral blood lymphocytes by 

losing the red blood cells and depleting the monocytes, for example, by centrifugation through a 

PERCOLLITM gradient or by counterflow centrifugal elutriation. A specific subpopulation of T cell, 

such as CD*, CD28*, CD4*, CD8', CD45RA, and CD45RO cells, can be further isolated by 

positive or negative selection techniques. 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/CD28T, for a time period sufficient for positive selection of the desired T cells.  

125



WO 2023/020558 PCT/CN2022/113170 

1002631 In some embodiments, a Tcell 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 

immunoadherence 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 CD8. In certain embodiments, it may be desirable to enrich for or 

positively select for regulatory T cells which typically express CD4*, CD25, CD62Lhj, GITR, and 

FoxP3. Alternatively, in certain embodiments., Tregulatory 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 

immune cell) are known in the art. The vectors or nucleic acids can be transferred into 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, lipofection, particle bombardment, microinjection, electroporation, 

and the like. Methods for producing cells comprising vectors and/or exogenous nucleic acids are 

well-known in the art. See, for example, Sambrook et al. (2001) Molecular Cloning: A Laboratory 

Manual, Cold Spring Harbor Laboratory, New York. In some embodiments, the vector is introduced 

into the cell by electroporation.  

1002661 Biological methods for introducing the vector(s) or nucleic acid(s) into a host cell include 

the use of DNA and RNA vectors. Viral vectors have become the most widely used method for 

inserting genes into mammalian, e.g., human cells.  

[002671 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 oil-in-water emulsions, micelles, mixed micelles, and 

liposomes. An exemplary colloidal system for use as a delivery vehicle in vitro is a liposome (e.g., 

an artificial membrane vesicle).  

1002681 In some embodiments, the transduced or transfected precursor immune cell is propagated 

ex viv after introduction of the heterologous nucleic acid(s). In some embodiments, the transduced 

or transfected precursor immune cell is cultured to propagate for at least about any of I 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 cultured for no more than about any of I 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.  

[002691 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.g., enzymatic activity. Expression of the reporter 

gene is assayed at a suitable time after the DNA has been introduced into the recipient cells.  

Suitable reporter genes may include genes encoding luciferase, beta-galactosidase, chloramphenicol 

acetyl transferase, secreted alkaline phosphatase, or the green fluorescent protein gene (e.g., Ui-Tei 

et al. FEBS Letters 479: 79-82 (2000)).  

[00270] Other methods to confirm the presence of the heterologous nucleic acid(s) in the precursor 

immune cell, include, for example, molecular biological assays well known to those of skill in the 

art, such as Southern and Northern blotting, RT-PCR and PCR; biochemical assays, such as 

detecting the presence or absence of a particular peptide, e.g., by immunological methods (such as 

ELISAs and Western blots).  

HL Methods of treatment 

[00271] 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 individualan 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.  

[002721 In some embodiments, there is provided a method of treating cancer (e.g., solid 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-Tcell) and a 
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pharmaceutically acceptable carrier, wherein the modified immune cell comprises: a) a first 

polypeptide comprising:i a first target binding domain, ii) a first TLRtransmembrane domain, and 

iii) a first TLR signaling domain; and b) a second polypeptide comprising: i) a second target binding 

domain, ii) a second TLR transmembrane domain, and iii) 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 aTLR signaling moiety capable of inducingTLR 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 fusion construct comprises a CAR and TLR poypeptides 

(e.g., two or more TLR polypeptides fused to the CAR). In some embodiments, the modified 

immune cell comprises a CAR system (eg., a CAR fusion construct), wherein the CAR fusion 

construct comprises an anti-CD19 CAR and anti-CD20 TLR polypeptides. In some embodinetls, 

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 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 

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 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, aTLR4 

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: 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 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%, 88%, 

89%, 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 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 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 transnembrane (TM) region, and the cytoplasmic portion of TLR4 (e.g., 

TLR4 primary intracellular signaling domain). In some embodiments, the CAR fusion construct 

comprisesan aminoacidsequence 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: 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) 
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domain, the cytoplastmic portion of the 4-IBB (CD137) co-stimulatory signaling domain, and a 

CD3r 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 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: 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-BCIA 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 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-BCMIA 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 identity to SEQ ID NO: 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 single anti-BCMA sdAb, a CD8u hinge domain, a 

CD8u transmembrane (TM)domain, the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory 

signaling domain, and a CD3r 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 ofTLR4 (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 
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comprises, from the N-terminus to the C-terminus: a signal peptide, a single anti-BCLA sdAb, a 

CD8u hinge domain, a CD8u transmembrane (TM) domain, the cytoplasmic portion of the 4-IBB 

(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 CD28a hinge domain, aTLR4 

transmembrane (TVI) 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: 64.  

In some embodiments the CAR fusion construct comprises SEQ ID NO: 64. In some embodiments, 

the CAR fusion construct comprises a tandem anti-BCvA 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 tandem anti-BCMA sdAb, a CDa hinge domain, a CD8a transmembrane (TM) 

domain, the cytoplasmic portion of the 4-BB (CD137) co-stimulatory signaling domain, and a 

CD3; primary intracellular 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%, 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-terminus: a signal 

peptide, a tandem anti-BCMA sdAb, a CD8l 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-GPRC5D 

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 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 CD8l 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-GPRC5D 

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) 

sequenceidentity 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-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 (CDI37) co-stimulatory 

signaling domain, and a CD3( primary intracellular signaling domain, a P2A cleavage site, a signal 

peptide, an anti-GPRC5D 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 havingat 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: 73. In some embodiments the CAR 

fusion construct comprises SEQ ID 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-CLLI 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-terminus: a signal peptide, an anti-CLLI sdAb, a CD8u 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 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) 
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sequence identity to SEQ ID NO: 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-CLLI sdAb, a CD28u hinge domain, a CD28u 

transmembrane (TM) domain, the cytoplasmic portion of the CD28 co-stimulatory signaling 

domain, and a CD3 primary intracellular signaling domain, a P2A cleavage site, a signal peptide, 

an anti-CD33 V domain sdAb,, aTLR2 transmembrane domain, a TLR2 signaling domain (e.g., the 

cytoplasmic portion ofTLR2), a P2A cleavage site, a signal peptide, an anti-CD33 C2 domain 

sdAb, aTLR1 transmembrane domain, and aTLRI signaling domain (e.g., the cytoplasmic portion 

ofTLR) 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: 3. In some 

embodiments the CAR fusion construct comprises SEQ ID NO: 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 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 cpT cell 

and a y.T cell.  

[002731 In some embodiments, there is provided a method of treating cancer (e.g., solid 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-Tcell) and a 

pharmaceutically acceptable carrier, wherein the modified immune cell comprises: a) a first 

polypeptide comprising: i) a first target binding domain, ii) a first TLR transmembrane domain, and 

iii) a firstTLR signaling domain; and b) a second polypeptide comprising: i) a second target binding 

domain, ii) a secondTLR transmembrane domain, and iii) 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 aT-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.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 hinge domain, a CD8CI.  

transmembrane (TM) domain, the cytoplasmic portion of the 4-iBB (CDI37) 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 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 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 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 

constructcompriseanaminoacidsequence having at least about 85% (e.g., at least about any one 

of 86%, 87%, 88%, 89%, 900/, 910, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 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 CD8a hinge domain, a CDSi.  

transmembrane (TM)domain, the cytoplasmic portion of the 4-IBB (CD137) co-stimulatory 

signaling domain, and a CD3( primary intracellular signaling domain, a P2A cleavage site, a signal 
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peptide, ananti-NKG2D ECD, a CD8a hinge domain, aTLR4 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: 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 

seFv, 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 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: 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 CD8u 

hinge domain, a CD8a transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB 

(CDi37) 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%, 88%, 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 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. 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 CD8 transmembrane (TI) 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-BC'IA 

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 

anaminoacid 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 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 CD8a hinge domain, a CD8a transmembrane (TM) domain, 

the cytoplasmic portion of the 4-1BB (CDI37) co-stimulatory signaling domain, and a CD3( 

primary intracellular 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 

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 CD&J 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 CD28a 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: 64. In some embodiments the CAR 

fusion construct comprises SEQ ID NO: 64. In some embodiments, the CAR fusion construct 

comprises a tandem anti-BCVA 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, 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 tandem anti-BCMA sdAb, a 

TLR4 transmembrane (TM) region, and the cytoplasmic portion ofTLR4 (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: 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-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, a anti-GPRC5D scFv, a TLR4 

transmembrane (TM) region, and the cytoplasmic portion of TLR4 (e.g., TLR4 primaryintracellular 

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: 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 

intracellular signaling domain, a P2A cleavage site, a signal peptide, an anti-GPRC5D 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
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terminus: a signal peptide, a tandem anti-BCMA sdAb, a CD8a hinge domain, a CD8ux 

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-GPRC5D scFv, a CD28a hinge domain, aTLR4 transmembrane (I1) region, and 

the cytoplasmic portion ofTLR4 (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: 73. In some embodiments the CAR 

fusion construct comprises SEQ ID 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-CLLI 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-terminus: a signal peptide, an anti-CLLI sdAb, a CD8a hinge domain, a CD8a 

transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB (CDI37) 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 identity to SEQ ID NO: 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-CLL sdAb, a CD28u hinge domain, a CD28a 

transmembrane (TM) domain, the cytoplasmic portion of the CD28 co-stimulatory signaling 

domain, and a CD3( primary intracellular signaling domain, a P2A cleavage site, a signal peptide, 

an anti-CD33 V domain sdAb, aTLR2 transmembrane domain, a TLR2 signaling domain (e.g., the 

cytoplasmic portion ofTLR2), a P2A cleavage site, a signal peptide, an anti-CD33 C2 domain 

sdAb, aTLRI transmembrane domain, and a TLRI signaling domain (e.g., the cytoplasmic portion 

ofTLR) 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: 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 helperT cell, a natural killer (NK) cell, an NK-cell, an iNK-Tcell, 

an NK-T like cell, an a3T cell and a y6T cell.  

[00274] In some embodiments, there is provided a method of treating cancer (e.g., solid 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: i) a first target binding domain, ii) a firstTLR transmembrane domain, and 

iii) a first TLR signaling domain; b) a second polypeptide comprising: i) a second target binding 

domain, ii) a second TLR transmembrane domain, and iii) a second TLR signaling domain; and c) 

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 upon binding of the first target binding domain and second target binding 

domain to their corresponding target, the firstTLR 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 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.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-(D19 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 CD8a transmembrane (AT) 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) 
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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 amno 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 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 CD8. hinge domain, a CD8a transmembrane (TM) domain, the cytoplasmic portion of the 

4-IBB (CD137) co-stimulatory signaling domain, and a CD3Q primary intracellular signaling 

domain, a P2A cleavage site, a signal peptide, an anti-NKG2D ECD, a TLR4 transmembrane (TM) 

region, and thetoplasmicportionofTLR4(e.. 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: 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-CDI9 scFv, a CD8a 

hinge domain, a CD8u transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB 

(CD137) co-stimulatory signaling domain, and a CD31Lprimary intracellular signaling domain, a 

P2A cleavage site, a signal peptide, an anti-NKG2D ECD, a CD8a hinge domain, aTLR4 

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: 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 CD8x hinge domain, a CD8a transmembrane (TM) domain, the 

cytoplasmic portion of the 4-iBB (CD137) co-stimulatory signaling domain, and a CD3( primary 
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intracellular signaling domain, a P2A cleavage site, a signal peptide, an anti-NKG2D ECD, aTLR4 

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: 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-IBB (CD137) co-stimulatoiy 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 transmernbrane (TM) region, and the cytoplasmic portion of TLR4 (e.g. TLR4 

primary intracellular signaling domain). In some embodiments, the CAR fusion construct comprises 

anamino 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 identityto 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 (eg., 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 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 domain). In some embodiments, the CAR fusion construct comprises 

anaminoacid 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 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 CD8a hinge domain, a CD8 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 P2A cleavage site, a signal peptide, a single anti-BCMA 

dAb,aCD8a 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 domain, a CD8a 

transmembrane (TM) domain, the cytoplasnic portion of the 4-1BB (CDI37) co-stimulatory 

signaling domain, and a CD3( primary intracellular signaling domain, a P2A cleavage site, a signal 

peptide, a single anti-BCMA sdAb, a CD28a hinge domain, a TLR4 transmenmbrane (TT) 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: 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-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, 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 

aminoacid 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-BCVA 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 CD8a hinge domain, a CD8a transmembrane (TM) domain, the cytoplasmic 

portion of the 4-IBB (CD137) co-stimulatory signaling domain, and a CD3( primary intracellular 

signaling domain, a P2A cleavage site, a signal peptide, an anti-GPRC5D scFv, aTLR4 

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: 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 

intracellular signaling domain, a P2A cleavage site, a signal peptide, an anti-GPRC5D 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

terminus: a signal peptide, a tandem anti-BCMA sdAb, a CD8a hinge domain, a CD8ux 

transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB (CD137) co-stimulatory 

signaling domain, and a CD3r primary intracellular signaling domain, a P2A cleavage site, a signal 

peptide, an anti-GPRC5D seFv, a CD28a hinge domain, aTLR4 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: 73. In some embodiments the CAR 

fusion construct comprises SEQ ID 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-CLLI 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-CLLi sdAb, a CD8u hinge domain, a CD8a 

transmembrane (TM) domain, the cytoplasmic portion of the 4-1BB (CDI37) co-stimulatory 

signaling domain, and a CD3( primary intracellular signaling domain, a P2A cleavage site, a signal 

peptide, an anti-CD33 sdAb, aTLR4 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: 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-CLLI sdAb, a CD28a hinge domain, a CD28a 

transmembrane (TM) domain, the cytoplasmic portion of the CD28 co-stimulatory signaling 

domain, and a CD3Q primary intracellular signaling domain, a P2A 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 TLR2), a P2A cleavage site, a signal peptide, an anti-CD33 C2 domain 

sdAb, a TLR1 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%, 

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 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 helperTcell, a natural killer (NK) cell, an NK-cell, an iNK-T cell, an NK-Tlike cell, an ipT cell 

and a y6T cell.  

[00275] In some embodiments, the method of treating cancer has one or more of the following 

biological activities: (1) killing cancer cells; (2) inhibiting proliferation of cancer cells; (3) inducing 

redistribution of peripheral T cells; (4) inducing immune response in a tumor; (5) reducing tumor 

size; (6) 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, 

144



WO 2023/020558 PCT/CN2022/113170 

inhibiting, or reducing the likelihood of the recurrence of a cancer; (11) improving quality of life of 

the individual; (12) facilitating T cell infiltration in 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 least 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 least any 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 

by at least any of 1, 2, 3, 4, 5., 6., 7, 8, 9, 10, 11, 12, 18, 24, or more months.  

[00276] The methods described herein are suitable for treating a variety of cancers, including both 

solid cancer and liquid cancer. The methods are applicable to cancers of all stages, including early 

stage cancer, non-metastatic cancer, primary cancer, advanced cancer, locally advanced cancer, 

metastatic cancer, or cancer in remission. The methods described herein may be used as a first 

therapy, second therapy, third therapy, or combination therapy with other types ofcancer therapies 

known in the art, such as chemotherapy, surgery, hormone therapy, radiation, gene therapy, 

immunotherapy (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 neoadjuvant setting (i.e., the method may be carried out 

before the primary/definitive therapy). In some embodiments, the method is used to treat an 

individual 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 

previously been treated.  

[002771 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 et aL, 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 CTscan, 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 liquid cancer 

can be measured as the sum of product diameters of up to 6 index lesions according to Cheson 2007 

criteria assessed by a radiologist. See, Cheson BD et aL, J. Clin. Oncol., 2007; 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 4x103 , 3 x103 , 2x103,1x10,5x10 2, 2x102, x02 or lessmm2.  

[002781 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 Criteria for Adverse Events v3.0 (CTCAE). In some embodiments, the individual does 

not experience cytokine storm after receiving the treatment.  

[00279] The effectiveamount of the modified immune cells administered inthe 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 clinical factors, including the patient's size, body surface area, age, the particular 

compound to be administered, sex, time and route of administration, general health, and other drugs 

being administered concurrently. In some embodiments, that effective amount of the pharmaceutical 

composition is below the level that induces a toxicological effect (i.e., an effect above a clinically 

acceptable level of toxicity) or is at a level where a potential side effect can be controlled or 

tolerated when the pharmaceutical composition is administered to the individual. In some 

embodiments, the effective amount of the pharmaceutical composition comprises about 105 to about 

10" modified immune cells.  

1002801 In some embodiments, the pharmaceutical composition is 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 administered at a suitable frequency, such as from daily to 

once per year. 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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1002811 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, 

rabbits, pigs, sheep, goats, horses, cattle and the like. In some embodiments, the individual is a 

human.  

Pharmaceutical compositions 

[002821 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.  

1002831 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, 104, 106, 10 7, 108 or more copies of the 

modified immune cells. In some embodiments, the pharmaceutical composition comprises a single 

type of modified immune cell. In sone embodiments, the pharmaceutical composition comprises at 

least two types of modified immune cells, wherein the different types of modified immune cells 

differ by their cell sources, cell types, expressed chimeric receptors, and/or promoters, etc.  

[00284] "Carriers" as used herein 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 physiologically acceptable carrier is an aqueous p buffered 

solution. Examples of suitable pharmaceutical carriers are well known in the art and include 

phosphate buffered saline solutions, water, emulsions, such as oil/water emulsions, various types of 

wetting agents, sterile solutions, etc. Acceptable carriers, excipients, or stabilizers are nontoxic to 

recipients at the dosages and concentrations employed.  

1002851 Pharmaceutical compositions comprising such carriers can be formulated by well-known 

conventional methods. The solvent or diluent is preferably isotonic, hypotonic orweakly hypertoni 

and has a relatively low ionic strength. Representative examples include sterile water, physiological 

saline (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).  

1002861 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), intramuscularly (into 

muscle), intrathecally or intravenously. In some embodiments, the pharmaceutical composition is 

administered subcutaneously (under the skin). In some embodiments, the pharmaceutical 

composition is administered intravenously. In some embodiments., the pharmaceutical composition 

is administered to the individual via infusion or injection. In some embodiments, the pharmaceutical 

composition is administered directly to the target site, e.g., by biolistic delivery to an internal or 

external target site or by catheter to a site in an artery. In some embodiments, the pharmaceutical 

composition 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 

improving delivery of the active agent(s) in the subject.  

[002871] Preparations for parenteral administration include sterile aqueous or non-aqueous 

solutions, suspensions, and emulsions. Examples of non-aqueous solvents are propylene glycol, 

polyethylene glycol, vegetable oils such as olive oil, and injectable organic esters such as ethyl 

oleate. Aqueous carriers include water, alcoholic/aqueous solutions, emulsions or suspensions, 

including saline and buffered media. Parenteral vehicles include sodium chloride solution, Ringer's 

dextrose, dextrose and sodium chloride, 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 like. 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, like, 

e.g., serum albumin or immunoglobulin, preferably of human origin. Various virus formulation are 

available in the art either in frozen, liquid form or lyophilized form (e.g. W098/02522, 

WO01/66137, W003/053463, W02007/056847 and W02008/114021, etc.). Solid (e.g. dry 

powdered or lyophilized) compositions can be obtained by a process involving vacuum drying and 

freeze-drying (see e.g. W02014/053571). It is envisaged that the pharmaceutical composition of the 
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disclosure might comprise, in addition to the modified immune cells described herein, further 

biologically active agents, depending on the intended use of the pharmaceutical composition.  

1002881 In some embodiments, the pharmaceutical composition is 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 isotonic with blood by the addition of a suitable tonicity modifier, such as glycerol.  

[002891 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 is contained in bulk in a 

container.  

[00290] 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 

issued regulatory guidelines setting standards for cell-based immunotherapeutic products, including 

21 CFR 610 and 21 CFR 61013. Methods are known in the art to assess the appearance, identity, 

purity, safety, and/or potency of pharmaceutical compositions. In some embodiments, the 

pharmaceutical composition is substantially free of extraneous protein capable of producing 

allergenic effects, such as proteins of an animal source used in cell culture other than the modified 

immune cells. In some embodiments, "substantially free" is less than about any of 10%, 5%, 1%, 

0.1%, 0.01%, 0.001%, lppmn or less of total volume or weight of the pharmaceutical composition. In 

some embodiments, the pharmaceutical composition is 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 

sterility 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 pharmaceutical composition is free of 

detectable microbial agents. In some embodiments, the pharmaceutical composition is free of 

communicable disease agents, such as FIV type I, HIV type, I-IBV, HCV, -luman'T-lymphotropic 

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

IV. Kits and Articles of manufacture 

[002911 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 intraturnoral injection) of the pharmaceutical composition to a tumor site.  

[00293] The kits of the present application are in suitable packaging. Suitable packaging includes, 

but is not limited to, vials, bottles, jars, flexible packaging (e.g., sealed Mylar or plastic bags), and 

the like. Kits may optionally provide additional components such as buffers and interpretative 

information. The present application thus also provides articles of manufacture, which include vials 

(such as sealed vials), bottles, jars, flexible packaging, and the like. Some components of the kits 

may be packaged either in aqueous media or in lyophilized form.  

[002941 The article of manufacture can comprise a container and a label or package insert 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 is 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 

intravenous solution bag or a vial having a stopper pierceable by a hypodermic injection needle).  

The label or package insert indicates that the composition is used for treating the particular 
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condition in an individual. The label or package insert will further comprise instructions 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 buffer, such as bacteriostatic water for injection (BWF), phosphate-buffered saline, 

Ringer's solution and dextrose solution. It may further include other materials desirable from a 

commercial and user standpoint, including other buffers, diluents, filters, needles, and syringes.  

[00295] The kits or article of manufacture may include multiple unit doses of the pharmaceutical 

composition and instructions 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 limit the disclosure in any way. The following examples and detailed 

description are offered by way of illustration and not by way of limitation.  

Example 1: Preparation of CAR-T cells expressing exogenously introduced CD19 and CD20 

toll-like receptor (TLR) domains 

[00297] 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 CDI9 and/or CD20 expressing CAR-T cells.  

1. 1. Construction ofchimeric antigen receptors (CARs) 

[00298] To construct a CDI9-co-CD20 CAR (SEQ ID NO: 1), 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-CD19 scFv (SEQ ID NO: 6), a CD8a hinge domain (SEQ ID NO: 7), 
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a CD8c 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 CD3primary 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: 5), an anti-CD20 scFv (SEQ ID NO: 11), a TLR4 

transmembrane (TM) region (SEQ ID 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: 24). This construct is shown in FIG. 1. The CAR 

backbone and costimulatory molecule were cloned into a lentivral vector (e.g., a second generation 

lentiviral vector), downstream and operable linked to a constitutive hEFI a promoter for in vitro 

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 scFv (SEQ ID NO: 6), a CD8a hinge domain (SEQ ID NO: 7), a CD8j transmembrane (TM) 

domain (SEQ ID NO: 8), a 4-1BB co-stimulatory signaling domain (SEQ ID NO: 9), and a CD3( 

primary intracellular signaling domain (SEQ ID NO: 10), was prepared as described above and used 

for comparative analysis.  

L2. Construction of CA R-T cells 

Viral Preparation 

[00300] Lentivirus packing plasmid mixture including pCMV-AR-8.47 and pMD2.G was 

purchased from Addgene, and admixed with the appropriate CAR-encoding plasmid at a pre

optimized ratio with polyethylenimine. 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 0.45im PES filter. The virus particleswere pelleted, and rinsed with pre-chilled 

DPBS. The virus was aliquoted and stored at -80 °C immediately, and the virus titerwas determined 

by measuring supTI cell line transduction efficiency by flow cytometric assay.  

Virus Transduction of T Cells 
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1003011 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 PanTcell isolation kit (Miltenyi). 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 MACSiBeadTM particles were added at a 

bead-to-cell ratio of 1:2 to expand theT cells.  

1003021 The pre-activated T cells were transduced with lentivirus in the presence of 8 pg/mL 

polybrene. The cells were cultured in 6-well tissue culture plates with 4x106 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 IU/ml IL-2 for culture. The cell concentration was adjusted to 0.5x106 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 surf-ace scFvs and sdAbs, respectively.  

Example 2: In vitro 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) cyoxicity 

[00305] For quick evaluation of anti-tumor activities of engineered T cells (e.g., CD19 BM CAR-T 

and CDl9-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 E/T ratio (Effector: CAR-T/Target) ratio of 1:1, 1:03, for 20 hours, 

respectively. CD19 BM CAR-T cells (SEQ ID NO: 2) were used as a positive control, untransduced 

Tcells("UnT") from the same batch were used as a negative control. The assay was performed 

following the manufacturer's manual (Roche).  

1003061 The in vitro cytotoxicity was calculated by the equation below ([LDHjE-r: the LDH 

released from E/T co-incubation, LDII]E: the LDH released from Effector only, [LDH]max: the 

LDH released from target cells treatedwithTriton X-100, LDH1nin: the LDH released from 

UnTreated target cells): 
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[ LDH ]e+T -- [ LDH I]e - [ LDH ]min~ 
Cytotoxicity % = x 100% 

[LDHJ]mna - [LDH]in 

[003071 All tested CAR constructs (e.g., CDI9-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 

growth 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 CART and CD9-co-CD20 CAR-T 

cells induced target cell lysis in a dose dependent manner in vitro. Moreover, CDI9-co-CD20 CAR

T cells exhibited stronger cytotoxicity against target cells than CDI9 BM CAR-T at low E/T ratios.  

2.2 Cytokine Secretion by homogeneous Time Resolved Fluorescence (HTRF) 

[00308] Another measure of effector T-cell activation and proliferation is the production of 

effector cytokines such as IFNy and TNFu. Supernatants from the in vitro cytotoxicity 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 manufacturer's manual.  

[00309] CAR-T cells (e.g., CDI9BMCAR-T, CD19-co-CD20 CAR-T, and untransduced"unT" 

CAR-T cells) were co-cultured with Rai target cells. The culture supernatants were collected after 

24 h to assess IFN and TNFa 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 TNFu and 

IFNy. Moreover, the level of TNFa secretion was higher than that of positive control CD19 BM 

CAR-T cells.  

2.3 Long-term co-culture assay 

1003101 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 vivo. Transduced (e.g., 

CD19 BM CAR-Tor CD19-co-CD20 CAR-T) or non-transduced (e.g., unT) T cell (1x10 5/well) 

were co-cultured with Raji target cells (4x105 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-Tcells were identified by CD3 and CAR signal. For serial co

culture assays, the remaining T cells were then re-challenged with fresh Raji target cells at the same 

E: Tratio. 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 initial number of T cells.  

1003111 The killing efficacy of various CAR-T cells in the repeated tumor stimulation assay is 

shown in FIG. 5. The CD19 BM CAR-Tcells were exhausted after 5 rounds of tumor stimulation 

(e.g., could not kill additional target tumor cells, as measured by CD3%), whereas CDI9-co-CD20 

CAR-T cells persisted killing target tumor cells to 7 rounds of tumor stimulation. In addition, 

CDI9-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 thatTLR4 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 exogenously introduced CLL1 and CD33 

toll-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 CLI 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 CLLi-co

CD33 CAR (SEQ ID NO: 3), 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-CLL 

sdAb (SEQ ID NO: 14), a CD28a hinge domain (SEQ ID NO: 15), a CD28 transmernbrane (TM) 

domain (SEQ ID NO: 16), the cytoplasmic portion of the CD28 molecule (SEQ ID NO: 17), and a 

CD3; primary intracellular signaling domain (SEQ ID NO: 10), was codon optimized 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 NO: 21), a TIR transmembrane (TM) region (SEQ ID NO: 22), and the cytoplasmic 

portion of TLR2 (SEQ ID NO: 23), was also codon optimized and chemically synthesized, and 

linked to the CAR backbone sequence via a P2A cleavage site (SEQ ID NO: 24). The sequence of a 

secondinducible costimulatory molecule comprising from the N-terminus to the C-terminus: a 

signal peptide (SEQ ID NO: 5), an anti-CD33 C2 domain sdAb (SEQ ID NO: 18), aTLRI 
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transmembrane (TM) region (SEQ ID NO: 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 ID NO: 24). This construct is shown in FIG.  

7.  

1003141 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-terminus: a signal peptide (SEQ ID NO: 5), anti-CL1 sdAb (SEQ ID NO: 14), a CD8&a hinge 

domain (SEQ ID NO: 7), a CD8a transmembrane (TM) domain (SEQ ID NO: 8), the cytoplasmic 

portion of the 4-1BB(CDl37) molecule (SEQ ID NO: 9), and a CD3( primary intracellular 

signaling domain (SEQ ID NO: 10), was codon optimized and chemically synthesized. The 

sequence of inducible costimulatory molecule comprising from the N-terminus to the C-terminus: a 

signal peptide (SEQ ID NO: 5). an anti-CD33 sdAb (SEQ ID NO: 21), a TLR4 transmembrane 

(TM) region (SEQ ID 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: 24). This construct is shown in FIG. 7.  

[003151 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 hEFlI a 

promoter for in vitro transcription. Transient retroviral supernatants were produced refer as 

exemplified in Blood (2006) 108 (12): 3890--3897.  

[003161 A construct encoding anti-CLLI benchmark CAR (CLLI BM CAR) was also prepared as 

described above for comparative analysis (SEQ ID NO: 4).  

[003171 A construct encoding anti-CLLI/CD33 dual CAR (CLLi/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 

1003181 Lentiviruses were prepared as described in Example 1. Tcell lymphocytes were collected 

and transduced with the lentiviruses according to the methods described in Example I 

Example 4: In vitro cytotoxicity assay of CLL1-co-CD33 CAR-T cells 

[003191 This example shows the in vitro anti-tumor activity of CLLI-co-CD33 CAR-T and CLL1

co-CD33-2 CAR-Tcells.  
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4.1 Lactate dehydrogenase (LDH) cytoxicity 

[003201 LDH assays were performed to measure cytotoxicity following 24 h of culture, as 

described in Example 2.1 CLL and CD33-expressing AML cell line U937 was used as the target 

cells. As shown in FIG. 8, CLL BM CAR-T cells, CLL1-co-CD33 CAR-T and CLLL-co-CD33-2 

CAR-T cells showed comparable in vitro cytotoxicity against U937 target cells.  

4.2 Cytokine Secretion by homogeneous Time Resolved Fluorescence (HTRF) 

1003211 Supernatants from the in vitro cytotoxicity 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 manufacturer's manual and Example 2.2.  

[003221 CAR-T cells (e.g., CLL1 BMCAR-Tcells, CLL1-co-CD33 CAR-TandCLL1-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 TNFa release as a measure of T cell 

activation. As shown in FIGs. 9 and 10, CLL-co-CD33 CAR-T and CLL-co-CD33-2 CAR-T 

cells co-cultured with target cells secreted significant amounts of TNFa and IFNy. Moreover, the 

level of both TNFa and IFNy secretion was higher than that of positive control CLL1 BM CAR-T 

cells.  

4.3 Long-term co-culture assay 

[00323] To evaluate the long-term killing efficacy of CLLi-co-CD33 CAR-T cells, long-term co

culture assays were performed to mimic the dynamic killing process in vivo. Transduced (e.g., 

CLL1 BM CAR-T, CLLI-co-CD33 CAR-T or CLLi-co-CD33-2 CAR-T) or non-transduced (e.g., 

unT) T cells (1x105/well) were co-cultured with1 937 target cells (4x0 well) atan E: Tratio 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-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. TheTcell 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.  

1003241 The killing efficacy of various CAR-T cells in the repeated tumor stimulation assay is 

shown in FIG. 11. The CLL1 BM CAR-Tcells were unableto kill target tumor cells after day 15 of 
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re-chal lenge, whereas CLL-co-CD33 CAR-T and CLL1-co-CD33-2 CAR-Tcells persisted killing 

target tumor cells to day 20 of tumor stimulation. In addition, CLL1-co-CD33 CAR-Tand CLLI

co-CD33-2 CAR-Tcells proliferated and exhibited better long-term expansion than CLL1 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 augmentsT cell proliferation in the 

context of CAR signaling.  

Example 5: Evaluation of CLL1-co-CD33 CAR-T in vivo mouse model 

[003251 Anti-tumor activities of armored TLR CAR-T cells were assessed in vivo in a U937-Luc 

xenograft mouse model according to the schedule shown in FIG. 13. 2x106 U937-Luc cells with the 

firefly luciferase reporter gene expression were implanted subcutaneously on day 0 in NOD/SCID 

IL-2RyCnull (NSG) mice. Bioluminescent imaging (BLI) was conducted weekly or biweekly post 

tumor inoculation to monitor model development. The animals were randomized based on the BLI 

photon numbers and animal body weights. After randomization, 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 tumor burden was present in mice infused 

with TLR armored CAR T cells compared with CLLl BM CAR T and CLL1/CD33 dual CAR T 

cells (FIG. 14). Consistently, the percentages of CAR T cells in the peripheral blood mononuclear 

cells (PBMC) were significantly higher in mice treated with TLR armored CAR T cells compared 

with CL BM CAR and CLL1/CD33 dual CAR T cells (FIG. 14). Thus, CLL-co-CD33 CAR-T 

were more potent than CLL1 BM or CLL1/CD33 dual CAR T cells at killing U937-GL cells in 

vivo.  

Example 6: Evaluation of CLL-co-CD33 CAR- y8 T 

[00326] Gamma delta T (yST) lymphocytes develop mainly in the thymus and generate their y6 T 

cell receptor through V(D)J recombination, and are primed for rapid function, including cytotoxicity 

toward cancer cells. Another potential advantage of y6 T cells is that, unlike f3 T cells, they are not 

restricted to MIC, and thus utilizing engineered allogeneic donorderived TS T cells expressing CAR 

transgene could theoretically be used as an off-the-shelf universal product, though this application 

would be limited to very immunocompromised patients. Therefore, we also assessed the efficacy of 

TLR armored CAR (e.g., CLL1-co-CD33 and CLL-co-CD33-2) modified 7 5T.  
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1003271 The in vivo efficacy of CLL1-co-CD33 CAR'y7 Tcells were evaluated in a U937-Luc 

xenograft mouse model as described in Example 5. As shown in FIG.15, mice treated with CLL1

co-CD33 CAR y6 Tshowed persistent J937 tumor clearance in all mice. However, both CLLl BM 

CAR and CLL1/CD33 dual CARy5 Tgroup experienced tumor relapse. Consistently, the 

percentages of CAR y6T cells in the peripheral blood mononuclear cells (PBMC) were significantly 

higher in mice treated with CLLI-co-CD33 or CLLI-co-CD33-2 CAR y 6 T cells compared with 

CLLi BM CAR and CLL1/CD33 dual CAR y6T cells.  

Example 7: Preparation of CAR y T cells expressing exogenously introduced GPC3 and 

NKG2D CD8 TLR4 chimeric receptors 

[003281 This example shows the construction of exemplary armored CARy5Tcells expressing 

exogenously introduced NKG2D CD8TLR4 chimeric receptors. In particular, this example shows 

the construction of GPC3 expressing CAR 6Tcells.  

7.L Construction ofchimeric antigen receptors (CARs) 

[00329] To construct an anti-GPC3 armored NKG2D TLR4 chimeric receptors (SEQ ID NO: 57), 

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-GPC3Fv (SEQ ID NO: 55). a CD8a 

hinge domain (SEQ ID NO: 7), a CD8 transmembrane (TM) domain (SEQ ID NO: 8). the 

cytoplasmic portion of the 4-1BB molecule (SEQ ID NO: 9), and a CD3primary intracellular 

signaling domain (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 ID NO: 5), an NKG2D ECD (SEQ ID NO: 51), a TLR4 

transmembrane (TM) region (SEQ ID NO: 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 P2A cleavage site (SEQ ID NO: 24).  

[00330] To construct an anti-GPC3 armored NKG2D CD8 TLR4 chimeric receptors (SEQ ID NO: 

58), 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 

CD8a hinge domain (SEQ ID NO: 7), a CD8 transminembrane (TM) domain (SEQ ID NO: 8), the 

cytoplasmic portion of the 4-IBB 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 NKG2D CD8 TLR4 chimeric receptors comprising from the N-terminus to the C

terminus: a signal peptide (SEQ ID NO: 5), an NKG2D ECD (SEQ ID NO: 51), a CD8a hinge 

(SEQ ID NO: 7), aTLR4 transmembrane (TM) region (SEQ ID 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: 24). This construct is 

shown in FIG.16A.  

[003311 The CAR backbone and NKG2DTLR4/ NKG2D CD8 TLR4 chimeric receptors were 

cloned into a lentivral vector (e.g., a second generation lentiviral vector), downstream and operably 

linked to a constitutive hEFIa promoter for in vitro 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: 56).  

7.2. Viral Preparation 

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

7.3. Transduction of yo T cells 

[00334] 16 T cells were prepared by addition of 5pM Zoledronate and 1000 IU/mL IL-2 to PBMCs 

and cultured for 9 days with periodical change of media supplemented with 1000 IU/mL IL-2.  

Alternatively, y6 T cells were isolated from PBMC or umbilical cord blood (UCB) and then 

stimulated by anti-y6 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 (5pM) in cell culture 

media AIM-V supplemented with IL-2 (1000 IU/ml) and 5% human AB serum and kept in a 

humidified chamber (37C, 5% CO2). 48 hours post-activation, cells were transduced with 

lentiviral vectors encoding the system of Example I at an MOI of 5 with 5 pg/ml polybrene. Such 

transduction procedure was repeated the next day followed by replenishment of fresh media 

containing IL-2 (1000 U/m) 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 p1 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/6* T cell isolation kit (Miltenyi Biotec) before future 

applications or cryopreserved.  

Example 8: In vitro cytotoxicity assay of anti-GPC3 CAR y8 T cells armored with NKG2D CD8 

TLR4 chimeric receptors 

1003351 This example shows the in vitro anti-tumor activity of anti-GPC3 CAR y6T cells armored 

with NKG2D CD8TLR4 chimeric receptors.  

8.1 Long-term co-culture assay 

[003361 To evaluate the long-term killing efficacy of CAR 6T cells, we performed long-term co

culture assays, which mimic the dynamic killing process in vivo. Transduced or non-transducedT 

cells (1x10' /well) were co-cultured with tumor cell lines (Huh7 cells, Ix105 /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 

remaining 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 is shown in FIG. 19.  

Calculated T cell proliferation from the same experiment is shown in FIG. 20. The data indicated 

that NKG2D CD8 TLR4 chimeric receptors armored anti-GPC3 CAR'5 T cells have better 

cytotoxicity and proliferation than anti-GPC3 CAR 16 T cells in vitro.  

8.2 IN- secretion detected by HTRF 

[00338] Another measure of effector T-cell activation and proliferation is the production of effector 

cytokines such as IFN-. Supernatants from the round to round 3 in vitro cytotoxicity assay were 

collected to assess CAR-induced cytosine release. HTRF assays for IFN-y (Cisbio, Cat# 

621-FNGPEH) was performed according to the manufacturer's manual.  

1003391 The corresponding cytokine release result is shown in FIG. 21. Both anti-GPC3 v CARI T 

cells exhibited potent killing activity against Huh7 cells, and released IFN-y in response to Huh7 
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cells. CART cells armored with NKG2D CD8TLR4 chimeric receptor showed higher level of IFN

ysecretion than naked CART cells.  

Example 9: Preparation of CAR a T cells expressing exogenously introduced CD19 and 

NKG2D CDS TLR4 chimeric receptors 

1003401 This example shows the construction of exemplary armored CAR a T cells expressing 

exogenously introduced NKG2D CD8TLR4 chimeric receptors. In particular, this example shows 

the construction of CD19 expressing CAR ar T cells.  

9.L Construction of chimeric antigen receptors (CARs) 

100341To construct an anti-CD19 armored NKG2D TLR4 chimeric receptors (SEQ ID NO: 59), 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-CD19 scFv (SEQ ID NO: 6), a CD8a.  

hinge domain (SEQ ID NO: 7), 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 

signaling domain (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 ID NO: 5), anNKG2D ECD (SEQ ID NO: 51), a TLR4/i 

transmembrane (TM) region (SEQ ID 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: 24).  

[00342] To constructan anti-CD19 armoredNKG2D CD8 TLR4 chimeric receptors (SEQID NO: 

60), 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-CD19 scFv (SEQ ID NO: 6), a 

CD8a hinge domain (SEQ ID NO: 7), 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 

signaling domain (SEQ ID NO: 10). was codon optimized and chemically synthesized. The 

sequence of the NKG2D CD8TLR4 chimeric receptors comprising from the N-terminus to the C

terminus: a signal peptide (SEQ ID NO: 5), an NKG2D ECD (SEQ ID NO: 51), a CD8a hinge 

(SEQ ID NO: 7), aTLR4 transmembrane (TM) region (SEQ ID 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 12A cleavage site (SEQ ID NO: 24). This construct is 

shown in FIG. 16A.  

1003431 The CAR backbone and NKG2DTLR4/NKG2D CD8 TLR4 chimeric receptors were 

cloned into a lentivral vector (e.g., a second generation lentiviral vector), downstream and operably 

linked to a constitutive hEFla promoter for in vitro transcription. Transient retroviral supernatants 

were produced refer as exemplified in Blood (2006) 108 (12): 3890-3897.  

1003441 A construct encoding anti-CD19 CAR (CD19 BM CAR) was also prepared as described 

above for comparative analysis (SEQ ID NO: 2).  

9.2. Viral Preparation and Transduction of T cells 

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

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

Example 10: In vitro cytotoxicity assay of anti-CD19 CAR up T cells armored with NKG2D CD8 

TLR4 chimeric receptors 

[00346] This example shows the in vitro anti-tumor activity of anti-CD19 CAR-uB T cells armored 

with NKG2D CD8 TLR4 chimeric receptors.  

Long-term co-culture assay 

[00347] To evaluate the long-term killing efficacy of CAR u T cells, we performed long-term co

culture assays. Transduced or non-transduced T cells (l x10 W/well) were co-cultured with tumor cell 

lines (Raji cells, I x10 /well) at an E:T ratio of 1:1 in24-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.  

[00348] For serial co-culture assays, the remaining T cells were then re-challenged with fresh Raji 

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.  

[00349] Representative result of long-term co-culture assay by FACS detection was shown in FIG.  

22. CalculatedT cell proliferation from the same experiment were shown in FIG. 23. The data 

indicated that NKG2D CD8 TLR4 chimeric receptor armor improved anti-CD19 CAR p T cells 

cytotoxicity and proliferation.  
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Example 11: In vivo efficacy evaluation of anti-GPC3 CARy75 T cells armored with NKG2D 

CD8 TLR4 chimeric receptors 

1003501 This example shows the in vivo anti-tumor activity of anti-GPC3 CARy 6Tcells armored 

with NKG2D CD8TLR4 chimeric receptors.  

1003511 Anti-tumor activity of an exemplary anti-GPC3 CAR-y6 Tcells was assessed in vivo in a 

Huh7 xenograft model. Briefly, 3 million (3 x106) Huh7 cells were implanted subcutaneously on day 

0 in NOD/SCID IL-2RyC null (NSG) mice. Ten days after tumor inoculation, mice were treated 

with intravenous injection of I x 106 armored CAR-y6T or mockT 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 (length x width2). Mice were euthanized when the mean 

tumor burden in the control mice reached 2,000 mm3 .  

[00352] The results of anti-tumor effect of anti-GPC3 CARy6T cells or anti-GPC3 CAR armored 

with NKG2D CD8 TLR4 chimeric receptorsfT cells in Huh7 xenograft model were shown in FIG.  

24. Unarmored CAR-yd T cells, alongside NKG2D CD8 TLR4 chimeric receptors armored CAR-y6 

T cells inhibited tumor growth. Specifically, unarmored CAR-y6 Tcells-treated mice reached tumor 

free but slowly repulsed, while NKG2D CD8TLR4 chimeric receptors armored CAR-6y6T 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 exogenously introduced toll-like receptor 

4 (TLR4) intracellular domains with tandem, single anti-BCMA sdAb or anti-GPRC5D 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-GPRC5D scFv.  

12. 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 ID NO: 44), a CD8a 

hinge domain (SEQ ID NO: 7), a CD8u 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 
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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: 5), tandem anti-BCMA sdAb (SEQ ID 

NO: 44), aTLR4 transmembrane (TM)region (SEQ ID 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: 24).  

1003551 To construct a single anti-BCMA-co-anti-BCMA CAR (SEQ ID 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 CD8a hinge 

domain (SEQ ID NO: 7), a CD8a transmembrane (TM) domain (SEQ ID NO: 8), the cytoplasmic 

portion of the 4-lBB (CD137) co-stimulatory signaling domain (SEQ ID NO: 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: 5), anti-BCMA sdAb (SEQ ID NO: 69), a TLR4 

transmembrane (TM) region (SEQ ID 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: 24).  

[00356] To construct a single anti-BCMA-co-anti-BCMA-CD8 CAR (SEQ ID NO: 63). 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 CD8a hinge 

domain (SEQ ID NO: 7), a CD8u transmnembrane (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 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: 5), anti-BCMA sdAb (SEQ ID NO: 69), a CD8 

hinge domain (SEQ ID NO: 7), a TLR4 transmembrane (TM) region (SEQ ID 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: 24).  

[003571 To construct a single anti-BCMA-co-anti-BCMA-CD28 CAR (SEQ ID NO: 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-BCMA sdAb (SEQ ID NO: 68), a CD8a hinge 

domain (SEQ ID NO: 7), a CD8u transmembrane (TM) domain (SEQ ID NO: 8), the cytoplasmic 

portion of the 4-IBB (CD137) co-stimulatory signaling domain (SEQ ID NO: 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: 5), anti-BCMA sdAb (SEQ ID NO: 69), a CD28 

hinge domain (SEQ ID NO: 15), a TLR4 transmembrane (TM) region (SEQ ID 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: 24).  

[00358] To construct a tandem anti-BCMA-co-anti-GPRC5D CAR (SEQ ID NO: 65), 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 ID NO: 44), a CD8a 

hinge domain (SEQ ID NO: 7), a CD8a 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 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: 5). anti-GPRC5D scFv (SEQID NO: 

70), a TLR4 transmembrane (TM) region (SEQ ID 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: 24).  

[003591 To construct a tandem anti-BCMA-co-anti-GPRC5D-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 ID NO: 44), a CD8a 

hinge domain (SEQ ID NO: 7), a CD8u 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 intracellular signaling domain (SEQIDNO: 10),xwas 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-GPRC5D scFv (SEQ ID NO: 

70), a CD8a hinge domain (SEQ ID NO: 7), aTLR4 transmembrane (ITIM) region (SEQ ID NO: 

12), 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 

NO: 24).  

1003601 To construct a tandem anti-BCMA-co-anti-GPRC5D-CD28 CAR (SEQ ID NO: 73), 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 ID NO: 44), a 

CD8a hinge domain (SEQ ID NO: 7), a CD8a 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 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: 5), anti-GPRC5D scFv (SEQ ID NO: 

70), a CD28 hinge domain (SEQ ID NO: 15), a TLR4 transmernbrane (TM) region (SEQ ID 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: 24).  

[00361] 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 hEFlu 

promoter for in vitro transcription. Transient retroviral supernatants were produced refer as 

exemplified in Blood (2006) 108 (12): 3890-3897.  

[00362] Seperately, a tandem anti-BCMA CAR (SEQ ID NO: 66) and a single anti-BCMA CAR 

(SEQ ID NO: 67) were constructed comprising from the N-terminus to the C-terminus: a signal 

peptide (SEQ ID NO: 5), tandem anti-BCMA sdAb (SEQ ID NO: 44) or first single anti-BCMA 

sdAb (SEQ ID NO: 68), a CD8a hinge domain (SEQ ID NO: 7), a CD8 transmembrane(TM) 

domain (SEQ ID NO: 8), a 4-1BB co-stimulatory signaling domain (SEQ ID NO: 9), and a CD3( 

primary intracellular signaling domain (SEQ ID NO: 10), were prepared as described above and 

used for comparative analysis.  

12.2. Construction of CAR-Tcells 

Viral Preparation 

1003631 Lentiviruses were prepared as described in Example 1.  

Activation of 'TT cells 
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[003641 y5 T cells were prepared by addition of 5tM Zoledronate and 1000 IU/mL IL-2 to PBMCs 

and cultured for 14 days with periodical change of media supplemented with 1000 IU/mL IL-2.  

Alternatively, y6 T cells were isolated from PBMC or umbilical cord blood (UCB) and then 

stimulated by anti-y6 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.  

[003651 PBMCs were isolated by density centrifugation (lymphoprep) from leukapheresis material 

and cryopreserved. PBMCs were resuscitated and activated with zoledronic acid (5MI) in cell 

culture media AIM-V supplemented with IL-2 (1000 IU/ml) and 5% humanAB serum and kept in a 

humidified chamber (3'7C, 5% CO2). 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/ml polybrene. Cells 

were cultured in AIM-V supplemented with IL-2 (1000 IU/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/6-*T cell isolation kit 

(Miltenyi Biotec) before future applications or cryopreserved.  

Virus Transduction of T Cells 

[00366] Leukocytes were collected from healthy donors by apheresis. Peripheral blood 

mononuclear cells (PBMCs) were isolated using FICOLL-PAQUEm PLUS Media, and human T 

cells were purified from PMBCs using a Pan T cell isolation kit (Miltenyi). 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 MACSiBeadh 'particles were added at a 

bead-to-cell ratio of 1:2 to expand theTcells.  

[003671 The pre-activated Tcells were transducedwith lentivirus in the presence of 8 tg/mL 

polybrene. The cells were cultured in 6-well tissue culture plates with 4x1 0 ' 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 0.5 x106 cells/mL in fresh media supplemented 

with300 IU/ml IL-2 for culture. The cell concentration was adjusted to 0.5x106 cels/mL every 2to 

3 days.  

[003681 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 vitro cytotoxicity 

[003691 This example showed the in vitro anti-tumor activity of anti-BCMA-co-anti-BCMA CAR

T cells.  

13.1 Lactate dehydrogenase (LDH ) cytoxicity 

1003701 For quick evaluation of anti-tumor activities of engineered Tcells (e.g., anti-BCMA CAR

'6T and anti-BCMA-co-anti-BCMA CAR-6T 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 ID NO: 62) transduced 

,6T cells were harvested and co-incubated with target cells (BCMA-expressing NCI-1929 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 hours, respectively. Both tandem anti-BCMA CAR (SEQ ID NO: 66) and 

single anti-BCMA CAR (SEQ ID NO: 67) transduced y6T cells were used as a positive control, 

untransducedyTST cells ("Un-yST") from the same batch were used as a negative control. The assay 

was performed following the manufacturer's manual (Roche).  

[003711 The in vitro cytotoxicity was calculated by the equation below ([LDH]E-T: the LDH 

released from E/T co-incubation, [LDH]E: the LDH released from Effector only, [LDH]ma: the 

LDH released from target cells treated with Triton X-100, [LDH]mn: the LDH released from 

UnTreated target cells): 

[LDH ]E+r - [LDHJ]E -- W~ i 

Cytotoxicity % = x 100% 
[ LD H ]ax - [ILD H ]minj 

[00372] All tested CAR constructs effectively transduced human yST 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 in FIG. 26, control tandem or 

single CAR-yST and tandem or single anti-BCMA-co-anti-BCMA-CAR-y6T cells induced target 

cell lysis in a dose dependent manner in vitro for both NCI-1929 and RPMI-8226 tumor cells 

tested. Moreover, anti-BC'IA-co-anti-BCMA-CAR-y6T cells exhibited stronger cytotoxicity 

against target cells than anti-BC\MA CAR-ySTfor both tandem and single designs.  
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13.2 Cvtokine Secretion by homogeneous Time Resolved Fluorescence (HTRRF) 

[003731 Another measure of effector yST-cell activation is the production of effector cytokines 

such as IFN-y, TNF-a and GMv-CSF. Supernatants from the in vitro 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.  

1003741 CAR-y6T cells (e.g., single/tandem anti-BCMA CAR-6yT and single/tandem anti-BCMA

co-anti-BCMA CAR-y6T cells, and untransducedy6T cells) were co-cultured with NCI-H929 or 

RP1VII-8226 target cells. The culture supernatants were collected after 20 h to assess IFN-y, TNF-a 

and GM-CSF release as a measure ofyST cell activation. As shown in FIGs. 27, single anti-BCMfA

co-anti-BCMA CAR-yfT cells and tandem anti-BCMA-co-anti-BCMA CAR-yhT cells co-cultured 

with target tumor cells secreted significant amounts of IFN-y,TNT-a and GM-CSF, similar to that 

of anti-BCMA-CAR-y5T 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-yST 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 

[00375] To evaluate the long-term killing efficacy and persistence of anti-BCMA-co-anti-BCMA 

CAR-vyT and anti-BCMA-co-anti-GPRC5D CAR-yST cells, long-term co-culture assays were 

performed to mimic the dynamic killing process in vivo. Transduced (e.g., tandem anti-BCMA 

CAR-yST, tandem anti-BCMA-co-anti-BCMA CAR-yST cells, single anti-BCMA-co-anti-BCMA 

CAR-vST cells, single anti-BCMA-co-anti-BCMA-CD8 CAR-yST cells, single anti-BCMIA-co-anti

BCMA-CD28 CAR-eST cells and tandem anti-BCMA-co-anti-GPRC5D CAR-yST cells) or non

transduced (e.g., Un-yT) T cells (lxi0well) were co-cultured with NC-H929targetcells(4x0 

well) at an E. T ratio of 1:3 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-aT cells 

wereidentified by CD3 and CAR signal. For serial co-culture assays, the remaining TT cells were 

then re-challenged with fresh NCI-H929 target cells at the same E: Tratio. Co-cultures were carried 
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on until the tumor cells outgrew the well volume. The' TT cell proliferation rate at each time point 

was calculated by dividing the number of'yST cells at the time point by the initial number of ST 

cells.  

[003761 The killing efficacy of various CAR-Tcells in the repeated tumor stimulation assay is 

shown in FIG. 28. Tandem anti-BCM\IA CAR-S6T 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-y&T cells, single anti-BCMA-co-anti-BCMA CAR-y6T 

cells, single anti-BCMA-co-anti-BCMA-CD8 CAR-yST cells, single anti-BCMA-co-anti-BCMA

CD28 CAR-yST cells,tandem anti-BCMA-co-anti-GPRC5D CAR-ySTcells and tandem anti

BCIA-co-anti-GPRC5D-CD8 CAR-"T cells persisted killing target tumor cells to 8 rounds of 

tumor stimulation. In addition, we found that tandem anti-BCMA-co-anti-GPRC5D CAR-y6T cells 

proliferated and exhibited better long-term persistence than tandem anti-BCMA CAR-y6T cells in 

vitro. Moreover, tandem anti-BCMA-co-anti-GPRC5D CAR-vyT cells, tandem anti-BCMA-co-anti

GPRC5D-CD8 CAR-yST cells and single anti-BCMA-co-anti-BCMA-CD28 CAR-yST cells 

showed much better proliferation than tandem anti-BCMA-co-anti-BCMA CAR-vST cells after 8 

rounds of repeated stimulation (FIG. 28).  

[003771] Taken together, 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. Specifically, we 

demonstrated that TLR4 signaling triggered by tandem or single anti-BCMA sdAbworked equally 

well in enhancing anti-tumor cytotoxicity and persistence of CAR-yST cells. In addition, cell 

cytotoxicity and persistence and be further improvedwith anti-GPRC5D scFv or different hinge 

designs, such as, but not limited to CD28.  

Example 14: In vitro persistence in an allogeneic setting 

[003781 This example showed the in vitro persistence of tandem anti-BCMA-co-anti-BCMA CAR

T cells in an allogeneic setting.  

14.1 Three-way mixed lymphocyte reaction (MLR) assay 

1003791 To test the potential of tandem anti-BCMA-co-anti-1BCMA CAR-yST cells as an 'off-the

shelf 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-yST, HCI-1929 tumor cells and 

allogeneic PBMC (with autologous PBMC as control) in the same system. Specifically, these cells 

were co-cultured at a ratio of yT: PBMC.: tumor=:1.60:1 with an initial yST cell number of 4x105 

cells per well. 3, 6 and 9 days after co-culture, the number of y6Tcells were recorded to determine 

there proliferation in the presence of allogeneic PBMC. On the other hand, on day 9, upT and NK 

cell numbers were recorded to determine whether these major effector cell of allogeneic nature were 

stimulated by y6T cells. As shown in FIG.29, tandem anti-BCMA-co-anti-BCMA CARy6T 

displayed superior proliferation level compared to tandem anti-BCMA CAR-yST cells in the 

presence of allogeneic PBMCs. On the other hand, it was resoundingly clear that the proliferation of 

allogeneic apfTand NK cells in this system was much less for the tandem anti-BCMA-co-anti

BCMA CAR-y6T cells compared to the control tandem anti-BCMA CAR-yST cells.  

1003801 Therefore, we demonstrated that tandem anti-BCMA-co-anti-BCMA CAR-yST cells 

equiped with ligand-induced TLR4 signaling was a viable candiate for an "off-the-shelf 'allogenic 

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

Example 15: In vivo efficacy and safety 

1003811 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-Tcells in an allogeneic setting.  

15.1 In vivo efficacy and safety in RPMI-8226 xenograft model 

[003821 Anti-tumor activity of an exemplary tandem anti-BCMA CAR-Twas assessed in vivo in 

an RPMI-8226 xenograft model. Briefly, one million (I x106) RITMI-8226 cells stably expressing 

the firefly luciferase reporter were implanted subcutaneously/intravenously on day 0 in NOD/SCID 

I.-2RyCnull (NSG) mice. Fourteen days after tumor inoculation, mice were treated with 

intravenous injection of 1 x106 armored CAR- S6T 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, clinical symptoms were observed every day, while the animals' 

body weights and the fluorescence intensities triggered by tumor-Luc cells were measured every 

week. Blood (0.2 mL) was taken every week for detecting the humanized cytokine profiles (IFN-y, 

TNF-uand GM-CSF) in mice.  
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1003841 In the first experimentwith low tumor burden and a dosage of IM CAR-61 cells per 

mice, we found that both tandem anti-BCMA CAR-ST and tandem anti-BCMA-co-anti-BCMA 

CAR-y6T cells can inhibit tumor growth. However, it was evident that tandem anti-BCMA-co-anti

BCMA CAR-y6T displayed better anti-tumor acitivity than tandem anti-BCMA CAR-y6T cells as 

only the mice treated with tandem anti-BCMA-co-anti-BCVA CAR-yST 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-S6T cells in the peripherial blood was much higher for the tandem anti-BCMA-co-anti-BCMA 

CAR-y6T group than tandem anti-BCMA CAR-6T group, furthur confirming the better in vivo 

efficacy with tandem anti-BCMA-co-anti-BCMA CAR-y6T cells (FIG. 30).  

[00385] In another experiment with higher initial tumor burden and a lower dosage of 0.3M CAR

76T cells per mice, we found tandem anti-BCMA-co-anti-GPRC5D-CD8 CAR-y6T cells was still 

able to eradicate mutiple myelorna tumor cells, thus establishing the feasibility of BCMA and 

GPRC5D dual targeting and the potential usefulness of different hinge designs, such as, but not 

limited to CD8 (FIG. 30).  

[00386] Further, no significant weight change was found between all groups tested. In addition, 

IFN-y, TNF-u and GM-CSF levels in the peripheral blood of tandem anti-BCMA-co-anti-BCMA 

CAR-,6T-treated mice were similar to that of tandem anti-BCMA CAR-yST-treated mice. These 

findings were comparable to the observations made in in vitro co-culture assays (FIG. 31A&B).  

These results suggested that tandem anti-BCMA-co-anti-BCMA CAR-y6T therapy was safe in vivo.  

[003871 To summarize, we established in in vivo mutitple inyelona model that anti-BCMA CAR

76Tcells equippedwith anti-BCMA-triggered-TLR4 signaling were safe and much more 

efficacious than mere second-generation anti-BCMA CAR-6 T.  
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SEQUENCE LISTING 

SEQ ID NO: 1. CD19-co-CD2O-CAR 
MALPVTALLLPLALLLHAARPDIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKP 
DGTV'KLLIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNTLPYTFGGGTK 
LEITG3GGGSGGGGSGGGGSEVKLQESGPGLVAPSQSLSVTCTVSG\SLPDYG\VSWIRQPPR 
KGLEWLGVIWGSETTYYNSALKSRLIIKI)NSKSQVFLKMNSLQTDDTAIYYCAKHYYYG 
GSYAMDYWGQGTSVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFA 
CDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEE 
EGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKN 
PQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATIKDTYDALHMQALPPR 
GSGATNFSLLKQAGDVEENPGPMALPVIALLLPLALLLHAARPDIVMTQTPLSSPVTLGQP 
ASISCRSSQSLVYSDGNTYLSWLQQRPGQPPRLLIYKISNRFSGVPDRFSGSGAGTDFTLKIS 
RVEAEDVGVYYCVQATQFPLTFGGGTKVEIKGGGGSGGGGSGGGGSEVQLVQSGAEVKK 
PGESLKISCKGSGYSFTSYWX'7IGWVRQMPGKGLEW'MGIIYPGDSDTRYSPSFQGQVTISADKS 
ITTAYLQWSSLKASDTAMYYCARHPSYGSGSPNTDYWGQGTLVTVSSTTTPAPRPPTPAPTI 
ASQPLSLRPEACRPAAGGAVHTRGLDFACDTIIGVSVLSVLVVSVVAVLVYKFYFHLLILA 
GCIKYGRGENIYDAFVIYSSQDEDWVRNELVKNLEEGVPPFQLCLHYRDFIPGVAIAANIIH 
EGH-IKSRKVIVVVSQHFIQSRWCIFEYEIAQTWQFLSSRAGIIFIVLQKVEKTLLRQQVELYR 
LLSRNTYLEWEDSVLGRIFWRRLRKALLDGKSW'NPEGTVGTGCNWQEATSI 

SEQ ID NO: 2. CD19 BM CAR 
MALPVTA-IILPL ALLLHI-AARPDIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKP 
DGTVKLLIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNTLPYTFGGGTK 
LEITGGGGSCiGCGSGGGGSEVKLQESGPGLVAPSQSLSVTCTVSGVSLPDYGVSW'IRQPPR 
KGLEWLGVIWGSETTYYNSALKSRLTIIKDNSKSQVFLKIMNSLQTDDTAIYYCAKH4YYYG 
iSYAMDYWGQGTSVTVSSTSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDF 

ACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDC&SCRFPEE 
EEGGCELRVKFSRSADAPAYQQGQ(NQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRK 
NPQEGLYNELQKDKMAEAYSEIGMKGERIRRGKGHDGLYQGLSTATKDTYDALHMQALPP 
R 

SEQ ID NO: 3. CLLI-co-CD33 CAR 
MALP:VTALLLPLALLLIIAARIQVQLVESGGGSVQAGGALSLSCAAS(GYTVRIDYMGWYR 
QTPIGKGREPVATIASN(GAYADSVEGRFTISQDNAKNSVYLQMNTLKPGDTAMYYCAA 
GITWPTLTYFGQGTQVTVSSIEVMYPPPYLDNEKSNGTIIHVKGKI-ILCPSPLFPGPSKPFWVL 
VVVG(XVLACYSLLVTV±AFIIFWVRSKRSRLLI-ISDYMNMTPRRPGPTRKHIJYQPYAPP)RDFA 
AYRSR\KFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ 
EGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTAIKDITYDALHM\'IQALPPRGS 
GATINFSLLKQAGDVEENPGPIM'ALPVTALLLPLALLLHAARPEVQLVESGGGSVQAGGSLR 
LSCAASGYTYSINCMGWFRQAPGKEREGVAVISTGGGRTDYRDSVKGRFTISQDNAKNTV 
YLQMNSLKPEDTAMIYYCAGKTTYPGYGCGLGRSAYNYWGQGTQVTVSSLSVSECHRTAL 
VSGMCCALFLLILLTGVLCHRFHGLWYMKMMWAWLQAKRKPRKAPSRNICYDAFVSYSE 
RDAYWVENIAV.QELENFNPPFKLCLIHKRDFIPGKWIIDNIIDSIEKSHKT'TVLSENFVKSE 
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WCKYELDFSHFRLFDENNDAAILILLEPIEKKAIPQRFCKLRKIMNTKTYLEWPMDEAQREG 
FWVNLRAAIKSGSGATNFSLLKQAGDVEENPGPMALIVTALLLPLALLLHAARPQVQLVES 
GGGLVQAGGSLRLSCAASGNVFRIFNIMGWYRQAPGNQRELVASIDDGGDRSYADSVEGRF 
TISRENGKKIIIYLQMNSLKPEDTAVYYCAAGLGTYLNGRVSMATNYWGQGTQVTVSSLS 
CNITLLIVTIVATMLVLAVTVTSLCSYLDLPWYLRMVCQWTQ TRRRARNIPLEELQRNLQF 
HAFISYSGIDSFWVKNELLPNLEKEGMQICLHERNFVPGKSIVENIITCIEKSYKSIFVLSPNF 
VQSEWCHYELYFAHHIJNLFHEGSNSLILILLEPIPQYSIPSSYHKLKSLMAIRRTYLEWPKEKS 
KRGLFWANLRAAINIKLTEQAKK 

SEQ ID NO: 4. CLL1 BM CAR 
MALP\VTALLLPLALLLHAARPQVQLVESGGGSVQAGGALSLSCAASGYTVRDYMGWYR 
QTPGKGREPVATIASNGTiAYADSVEGRFTISQDNAKNSVYLQMJNTLKPGDTAMYYCAA 
GTWPTLTYFGQGTQVTVSSIEVMYPPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVL 
VVVGGV\'LACYSLLVTVAFIIF TVRSKRSRLLHSDYMINMTPRRPGPTRKHYQPYAPPRDFA 
AYRSRVKFSRSADAPAYKQGQNQLYNENLGRREEYDVLDKRRRDPEMGGKPRRKNPQ 
EGLYNELQKDKIAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR 

SEQ ID NO: 5. Signal Peptide (e.g., Leader Sequence) 
MALPVTALLLPLALLLHAARP 

SEQ ID NO: 6. CD19 scFv 
DIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDGTVKLLIYHTSRLHSGVPSRF 
SGSGSGTDYSLTISNLEQEDIATYFCQQGNTLPYTFGGGTKLEITGCGGSGGGGSGGGGSEV 
KLQESGPGLVAPSQSLSVTCTVSGVSLPDYGVSW'IRQPPRKGLEWLGVIXWGSETTYYNSAL 
KSRLTIIKDNSKSQVFLKMINSLQTDDTAIYYCAKHYYYGGSYAMDYWGQGTSVTVSS 

SEQ ID NO: 7. CD8a hinge 
TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVI-TRGLDFACD 

SEQ ID NO: 8. CD8ciTM 
IYIWAPLAGTCGVLLLSLVIILYC 

SEQ ID NO: 9. 4-1BB (CD13 7) co-stimulatory signaling domain 
KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL 

SEQ ID NO: 10. CD3 primaryintracellularsignaling domain 
RVKFSRSADAP3AYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLY 
NELQKDKMAEAYSEIGMKGERRRGKGIDGLYQGLSTATKDTYDALI-MQALPP3R 

SEQID NO: 11. CD20 scFv 
DIVMTQTPLSSPVTLGQPASISCRSSQSLVYSDGNTYLSWLQQRPGQPPRLLIYKISNRFSGVPDRFSG 
SGAGTDFTLKISRVEAEDVGVYYCVQATQFPLTFGGGTKVEIKGGGGSGGGGSGGGGSEVQLVQSG 
AEVKKPGESLKISCKGSGYSFTSYWIGWVRQMPGKGLEWMGIIYPGDSDTRYSPSFQGQVTISADKS 
ITTAYLQWSSLKASDTAMYYCARHPSYGSGSPNFDYWGQGTL\VTVSS 
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SEQ ID NO: 12. TLR4 TM 
TIIGVSVLSVLVVSVVAVLVY 

SEQ ID NO: 13. TLR4 primary intracellular signaling domain 
KFYFHLMLLAGCIKYGRGENIYDAFVIYSSQDEDWVRNELVKNLEEGVPPFQLCLHYRDF 

SEQ ID NO: 14. CLLlsdAb 
QVQLVESGGGSVQAGGALSLSCAASGYTVRIDYMGWYRQTPGKGREPVATIASNGGTAY 
ADSVEGRFTISQDNAKNSVYLQMNTLKPGDTAMYYCAAGTWPTLTYFGQGTQVTVSS 

SEQ ID NO: 15. CD28 hinge 
IEVMYPPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKP 

SEQ ID NO: 16. CD28a TM 
FW TVINVVGGVLACYSLLVTVAFIIFWV 

SEQ ID NO: 17. CD28 primary intracellular signaling domain 
RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS 

SEQ ID NO: 18. CD33 C2 domain sdAb 
QVQI.VESGGGLVQAGGSLRLSCAASNVFRFNIMGWYRQAPGNQRELVASDGCGDRSY 
A!DSVEGRFTISRENGKKIMYL-.QMNSL.-KPEDTAVYYCAAilQGTYIN(3RVSjATNYWC)GT 
QVTVSS 

SEQ ID NO: 19. TLR ITM 
LLIVTIVATMLVLAVTVTSLC 

SEQ ID NO: 20. TLRI primary intracellular signaling domain 
SYLDLPWYLRMVCQWTQTRRRARNIPLEELQRNLQFI-AFISYSGHDSFWVKNELLPNLEK 
EGMQICLHERNFVP)GKSIVENIITCIEKSYKSIFVLSPNFVQSEWCI-IYELYFAH-1HNLFHE 
iSNSLILILLEIPQYSIPSSYIKLKSLMALRRTYLEWPKEKSKRGLFWANLRAAINIKLT 

EQAKK 

SEQ ID NO: 21. CD33 V domain sdAb 
EVQLVESGGSVQAGGSLRLSCAASGYTYSINCMGWFRQAPGKEREGVAVISTGGGRTDY 
RDSVKGRFTISQDNAKNTVYLQMNSLKPEDTAMYYCAGKTTYPGYGCGLGRSAYNYWG 
QGTQVTVSS 

SEQ ID NO: 22. TLR2 TM 
ALVSGMCCALFLLILLTGVLC 

SEQ ID NO: 23. TLR2 primary intracellular signaling domain 
HRFHGLWYM K1MWAWLQAKRKPRKAPSRNICYDAFVSYSERDAYWVENLMVQELENF 
NPP 
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SEQ ID NO: 24. P32A 
GSGATNFSLLKQAGDVEENPGP 

SEQ ID NO: 25. (IS linker 1 
GGGGSGGGGSGGGGSGGGGS 

SEQ ID NO: 26. GS linker2 
GGGGS 

SEQ ID NO: 27. GS linker 3 
(GS).  

SEQ ID NO: 28. GS linker 4 
(GSGGS)» 

SEQ ID NO: 29. GS linker 5 
(GGGS).  

SEQ ID NO: 30. TLRI 
MTSIFHFAIIFMLILQIRIQLSEESEFLVDRSKNGLIHVPKDLSQKTTILNISQNYISELWATSDIL 
SLSKLRILIISHNRIQYLDISVFKFNQELEYLDLSHNKLVKISCHIPTVNLKHLDLSFNAFDALPI 
CKEFGNMSQLKFLGLSTTHLEKSSVLPIAHLNISKVLLVLGETYGEKEDPEGLQDFNTESLHI 
VFPTNKEFHFILDVSVKTVANLELSNIKCVLEDNKCSYFLSILAKLQTNPKLSNLTLNNIETT 
WNSFIRILQLVWHTTVWYIFSISNVKLQGQLDFRDFDYSGTSLKALSIHQVVSDVFGFPQSYI 
YEIFSNMNIKNFTVSGTRMVHvILCPSKISPFLHLDFSNNLLTDTVFENCGHLTELETLILQM 
NQLKELSKIAEMTTQMKSLQQLDISQNSVSYDEKKGDCSWTKSLLSLNMSSNILTDTIFRCL 
PPRIKVLDLIISNKIKSIPKQVV/KLEALQELNVAFNSLTDLPGCGSFSSLSVLIIDIINSVSHPSA 
DFFQSCQKMRSIKA(GDNPFQCTCELGEFVKNIDQVSSEVLEGWPDSYKCDYPESYRGTLLK 
DFHMSELSCNITLLIVTIVATMHVLAVTVTSLCSYLDLPWYLRMVCQWTQTRRRARNIPLE 
ELQRNLQFHAFISYSGHITDSFWVKNELLPNLEKEGMQICLHERNFVPGKSIVENiITCIEKSYK 
SIFVLSP3NFVQSEWCI-IYELYFA-HNLFHEGSNSLILILLEPIPQYSIPSSYIHKLKSLMARRTYL 
EWPKEKSKRGLFWANLRAAINIKLTEQAKK 

SEQ ID NO: 31. TLR2 
MPHTLWMVWVLGVIISLSKEESSNQASLSCDRNGICKGSSGSLNSIPSGLTEAVKSLDLSNN 
RITYISNSDLQRCVNLQALVrLTSNGNTIEEDSFSSLGSLEHLDLSYNYLSNLSSSWFKPLSSL 
TFLNLLGNPYKTLGETSLFSHLTKLQILRVGNMDTF'TKIQRKDFAGLTFLEELEIDASDLQSY 
EPKSLKSIQNVSHLILHMKQHILLLEIFVDVTSSVECLELRDTDLDTFI-IFSELSTGETNSLIKK 
FTFRNVKITDESLFQVMKLLNQISGLLELEFDDCTLNGVGNFRASDNDRVIDPGKVETLTIR 
RLHIPRFYLFYDLSTLYSLTERVKRIP T ENSKVFLVIPCLLSQHLKSLEYLDLSENLMVEEYLK 
NSACEDAWPSLQTLILRQNHLASLEKTGETLLTLKNLTNIDISKNSFHSMPETCQWPEKMK 
YLNLSSTRIHSVTGCIPKTLEILDVSNNNLNLFSLNLPQLKELYISRNKLMTLPDASLLPMLL 
VLKISRNAITTFSKEQLDSFHTLKTLEAGGNNFICSCEFLSFTQEQQALAKVLIDWPANYLCD 
SPSHVRGQQVQDVRLSVSECHRTALVSGMCCALFLLILLTGVLCHRFHGLWYMKMMWA 
WLQAKRKPRKAPSRNICYDAFVSYSERDAYWVTNLMVQELENTNPPFKLCLHKRDFIPGK 
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WHlDNIIDSIEKSHK TVFVLSENFVKSEWCKYELDFS[IFRLFDENNDAAILILLEPIEKKAIPQR 
FCKLRKIMNTKTYLEWPMDEAQREGFWVNLRAAIKS 

SEQ ID NO: 32. TLR3 
MRQTLPCIYFWGGLLPFGMLCASSTTKCTVSHEVADCSHLKLTQVPDDLPTNITVLNLTHN 
QLRRLPAANFTRYSQLTSLDVGFNTISKLEPELCQKLPMLKVLNLQHNELSQLSDKTFAFCT 
NLTELHLMSNSIQKIKNNPFVKQKNLITLDLSHNGLSSTKLGTQVQLENLQELLLSNNKIQA 
LKSEELDIFANSSLKKLELSSNQIKEFSPGCFHAIGRLFGLFLNNVQLGPSLTEKLCLELANTS 
IRNLSLSNSQLSTTSNTTFLGLKWTNLTMLDLSYNNLNVVGNDSFAWLPQLEYFFLEYNNI 
QHLFSHSLHGLFNVRYLNLKRSFTKQSISLASLPKIDDFSFQWLKCLEHLNMEDNDIPGIKSN 
MFTGLINLKYLSLSNSFTSLRTLTNETFVSLAHSPLHILNLTKNKISKIESDAFSWLGHLE\VLD 
LGLNEIGQELTGQEWRGLENIFEIYLSYNKYLQLTRNSFALVPSLQRLMLRRVALKN\DSSP 
SPFQPLRNLTILDLSNNNIANINDDMLEGLEKLEILDLQHNNLARLWKHANPGGPIYFLKGL 
SHLHJLNLESNGFDEIPVEVFKDLFELKIIDLGLNNLNTLPASVNMINQVSLKSLNLQKNLIJTSV 
EKKVFGPAFRNLTELDMRFNPFDCTCESAWFVNWINETHTNIPELSSHYLCNT-PPHYHGFP 
VRLFDTSSCKDSAPFELFFMINTSILLIFIFIVLLIFEGWRISFYWNVSVHRYLGFKEIDRQTE 
QFEYAAYIIHAYKDKDWVWEHFSSMIIEKEDQSLKFCLEERDFEAGVTELEAINSIKRSRKII 
FVITTHLLKDPLCKRFKVHHAVQQAIEQNLDSIILVIFLEEIPDYKLNHALCLRRGMFKSHCIL 
NW7PVQKERIGAFRHKILQVAIGSKNSVH 

SEQ ID NO: 33. TLR4 
MVMSASRL AGTLIPAMAFLSCVRPESWEPCVEVVPNITYQCMELNIFYKIPDNLPFSTKNLDLS 
FNPLRHLGSYSFFSFPELQVLDLSRCEIQTIEDGAYQSLSHLSTLILTGNPIQSLALGAFSGLSS 
LQKLVAVETNLASLENFPIGHLKTLKELNVAI-INLIQSFKLPEYFSNLTNLEH{LDLSSNKIQSI 
YCTDLRVLHQMPLLNLSLDLSLNPMNFIQPGAFKEIRLHKLTLRNNFDSLNVMKTCIQGLA 
iLEVHRLVLGEFRNEGNLEKFDKSALEGLCNLTIEEFRLAYLDYYLDDIIDLFNCLTNVSSFS 

LVSVTIERVKDFSYNFGWQHLELVNCKFGQFPTLKLKSLKRLTFTSNKGGNAFSEVDLPSLE 
FLDLSRNGLSFKGCCSQSDFGTTSLKYLDLSFNGVITMSSNFLGLEQLEHLDFQHSNLKQMS 
EFSVFLSLRNLIYLDISI-ITHTRVAFNGIFNGLSSLEVLKMAGNSFQENFLPDIFTELRNLTFLD 
LSQCQLEQLSPTAFNSLSSLQVLNMSHNNFFSLDTFPYKCLNSLQVLDYSLNHIMTSKKQEL 
QIIFISSLAFLNLTQNDFACTCEHQSFLQWIKDQRQLLVEVERMECATPSDKQGMPVLSLNI 
TCQMNKTIIGVSVLSVLVVSVVAVLVYKFYF-ILMLLAGCIKYGRGENIYDAFVIYSSQDED 
WVRNELVKNLEEGVPPFQLCLI-IYRDFIPGVAIAANII-1EGFHKSRKVIVVVSQI-[FIQSRWCIF 
EYEIAQ TWQFLSSRAGIIFIVLQKVEKTLLRQQVELYRLLSRNTYLEWEDSVLGRIFWRRL 
RKALLDGKSWNPIEGTVGTGCNWQEATSI 

SEQ ID NO: 34. TLR5 
MGDHLDLLLGVVLMAGPVFGIPSCSFDGRIAFYRFCNLTQVPQVLNTTERLLLSFNYIR TVT 
ASSFPFLEQLQLLELGSQYTPLTIDKEAFRNLPNLRILDLGSSKIYFLHPDAFQGLFHLFELRL 
YFCGLSDAVLKDGYFRNLKALTRLDLSKNQIRSLYLHPSFGKLNSLKSIDFSSNQIFLVCEHE 
LEPLQGKILSFFSLAANSLYSRVSVDWGKCMNPFRNMVLEILDVSGNGWTVDITGNFSNAl 
SKSQAFSLILAHIMGAGFGFHNIKDPDQNTFAGLARSSVRHLDLSHGFVFSLNSRVFETLK 
DLKVLNLAYNKINKIADEAFYGLDNLQVLNLSYNLLGELYSSNFYGLPKVAYIDLQKNHIA 
IIQDQTFKFLEKLQTLDLRDNALTIFfIPSIPDIFLSGNKLVTLPKINLTANLIHLSENRLENL 
DILYFLLRVPHLQILILNQNRFSSCSGDQTPSENPSLEQLFLGE NMLQLAWETELCWDTEG 
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LSILQVLYLNHNYLNSLPPG1IVFSHL TALRGLSLNSNRL TVLSI-INDLPANLEILDISRNQLLA 
PNPDVFVSLSVLDITHNKFICECELSTFINWLNHT NVTIAGPIPADIYCVYPDSFSGVSLFSLST 
EGCDEEEVLKSLKFSLFIVCTVTL TLFLMTIL TVTKFRGFCFICYKTAQRLVFKDHPQGTEPD 
MYKYDAYLCFSSKDF TWVQNALLKHLDTQYSDQNRFNLCFEERDFVPGENRIANIQDAIW 
NSRKIVCLVSRHFLRDGWCLEAFSYAQGRCLSDLNSALIMVVVGSLSQYQLMK-IHQSIRGFV 
QKQQYLRWPEDFQDVGWFLHLKLSQQILKKEKEKKKDNNIPLQ TVATIS 

SEQ ID NO: 35. TLR6 
MTIKDKEPIVKSFHFVCLMIIIVGTRIQFSDGNEFAVDKSKRGLIHVPKDLPLKTKVLDMSQN 
YLAELQVSDMSFLSELTVLRLSHNRIQLLDLSVFKFNQDLEYLDLSHNQLQKISCHPIVSF-RH 
LDLSFNDFKALPICKEFGNLSQLNFLGLSAMKLQKLDLLPIALAHLHLSYILLDLR.NYYIKENET 
ESLQILNAKTLHLVFHIPTSLFAIQVNISVNTLGCLQLTNIKLNDDNCQVFIKFLSELTRGSTLL 
NFTLNHIETTWKCLVRVFQFLWPKPVEYLNIYNLTIIESIREEDFTYSKTTLKALTIEITNQV 
FLFSQTALYTVFSEMNIMMLTISDTPFIHMIL.CPHAPSTFKFLNFTQNVTDSIFEKCSTLVKLE 
TLILQKNGLKDLFKVGLMTKDMPSLEILDVSWNSLESGRHKENCTWVESIVVLNIL SSNMLT 
DSTRCLPPRIKVLDLHSNKIKSVPKQVVKLEALQEINV-AFNSLTDLPGCGSFSSLSVLIIDH 
NSVSHPSADFFQSCQKMRSIKAGDNPFQCTCELREFVKNIDQVSSEVLEGWPDSYKCDYPE 
SYRGSPIKDFHMSELSCNITLLIVTIGATMLVLAVTVTSLCIYLDLPWYLRMVCQWTQTRR 
RARNIPLEELQRNLQFHAFISYSEHDSAWVKSELVPYLEKEDIQICLHERNTVPGKSIVENIIN 
CIEKSYKSIFVLSPNFVQSEWCHI-YIELYFAHHNLFHEGSNNLILILLEPIPQNSIPNKYHKLKAL 
MTQRTYLQWPKEKSKRGLFWANIRAAFNMKLTLVTENNDVKS 

SEQ ID NO: 36. TLR7 
MVFPMWTLKRQILILFNIILISKLLGARWFPKTLPCDVTLDVPKNHVIVDCTDKHLTEIPGGI 
PTNTTNLTLTINHIPDISPASFHRLDHLVEIDFR CNCVPIPLGSKNNMCIKRLQIKPR-SFSGLTY 
LKSLYLDGNQLLEIPQGLPPSLQLLSLEANNIFSIRKENLTEL ANIEILYLGQNCYYRNPCYVS 
YSIEKDAFLNLTKLKVLSLKDNNVTAVPTVLPSTLTELYLYNNMIAKIQEDDFNNLNQLQIL 
DLSGNCPRCYNAPFPCAPCKNNSPLQIPVNAFDALTELKVLRLHSNSLQHVPPRWFKNINKL 
QELDLSQNFLAKEIGDAKFLHFLPSLIQLDLSFNFELQVYRASMNLSQAFSSLKSLKILRIRG 
YVFKELKSFNLSPLHNLQNLEVLDLGTNFIKIANLSMFKQFKRLKVIDLSVNKISPSGDSSEV 
iFCSNAR TSVESYEPQVLEQLHYFRYDKYARSCRFKNKEASFMSVNESCYKYGlQTLDLSK 

NSIFFVKSSDFQHLSFLKCLNLSGNLISQTLNGSEFQPLAELRYLDFSNNRLDLLHSTAFEEL 
I-KLEVLDISSNSHYFQSEGITHMLNFTKNLKVLQKLMMNDNDISSSTSRTMESESLRTLEFR 
iNHLDVLWREGDNRYLQLFKNLLKLEELDISKNSLSFLIPSGVFDGMPPNLKNLSLAKNGLK 

SFSWKKLQCLKNLETLDLSHNQLTTVP)ERLSNCSRSLKNLILKNNQIRSLTKYFLQDAFQLR 
YLDLSSNKIQMIQKTSFPENVLNNLKMLLLfLHNRFLCTCDAVWFVWVNHTEVTIPYLAT 
DVTCVGPGAI-IKGQSVISLDLYTCELDLTNLILFSLSISVSLFLMVMMTASHLYFWDVWYIY 
I-FCKAKIKGYQRLISPDCCYDAFIVYDTKDPAVTEWVLAELVAKLEDP)REKIIFNLCLEERD 
WLPGQPVLENLSQSIQLSKKTVFVMTDKYAKTENFKIAFYLSHQRLMDEKVDVIILIFLEKP 
FQKSKFLQLRKRLCGSSVLEWPTNPQA-PYFWQCLKNALATDNHVAYSQVFKETV 

SEQ ID NO: 37. TLR8 
VGKYVTELDLSDNFITHI-ITNESFQGLQNLTKINLNHNPNVQHQNGNPGIQSNGLNITDGAFL 
NLKNLRELLLEDNQLPQIPSGLPESLTELSLIQNNIYNIfTKEGISRLINLKNLYLAWNCYFNK 
VCEKTNIEDGVFETLTLELLSLSFNSLSHVPPKLPSSLRKLFLSNTQIKYISEEDFKGLINLTL 
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LDLSGNCPRCFNAIPFPCVPCDGGASINIDRFAFQNLTQLRYLNLSSTSLRKINAAWFKNMPIH1 
LKVLDLEFNYLVGEIASGALFLTMLPRLEILDLSFNYIKGSYPQHINISRNFSKLLSLRALHLRG 
YVFQELREDDFQPLMQLPNLSTINLGINFIKQIDFKLFQNFSNLEIIYLSENRISPLVKDTRQSY 
ANSSSFQRI-IRKRRSTDFEFDPHSNFYHF TRPLIKPQCAAYGKALDLSLNSIFFIGPNQFENLP 
DIACLNLSANSNAQVLSGTEFSAIPHVKYLDL TNNRLDFDNASALTELSDLEVLDLSYNSHY 
FRIAGVT{HHLEFIQNF TNLKVLNLSHNNIYTL TDKYNLESKSLVELVFSGNRLDILWNDDDN 
RYISIFKGLKNL TRLDLSLNRLKI-IPNEAF LNLPASLTELHINDNMLKFFNWTLLQQFPRLEL 
LDLRGNKLLFL TDSLSDFTSSLRTLLLSHNRISHLPSGFLSEVSSLKHLDLSSNLLKTINKSAL 
ETKT TTKLSMLELHGNPFECTCDIGDFRRWMDEHLNVKIPRLVDVICASPGDQRGKSIVSLE 
LT TCVSDVTAVILFFF TFFIT TMVMLAALAlHLFYWDVWFIYNVCLAKVKGYRSLSTSQ TF 
YDAYISYDTKDASVTDWVINELRYHLEESRDKNVLLCLEERDWDPGLAIIDNLMQSINQSK 
KT'VFVLTKKYAKSWNFKTAFYLALQRLMDENMDVIIFILLEPVLQHSQYLRLRQRICKSSIL 
QWPDNPKAEGLFWQfTLRNVVL TENDSRYNNMYVDSIKQY 

SEQ ID NO: 38. TLR9 
MGFCR SALHPLSLLVQAIMLAITLALGTLPAFLPCELQPHGLVNCNWLFLKSVPHFSMJAAP 
RGNVTSLSLSSNRIHI.HHDSDFAHILPSLRH.NLKWNCPPVGLSPMHFPCHMTIEPSTFLAVP 
TLEELNLSYNNIMTVPALPKSLIJSLSLSHTNUILDSASLAGLHALRFLFIDGNCYYKNPCR 
QALEVAPGALLGLGNLTHLSLKYNNLT\VPRNLPSSLEYL.LLSYNRIVKLAPEDLANLTAL 
RVLDVGGNCRRCDHAPNPCIMECPRHFPQLIIPDTFSIHLSRLEGLVLKDSSLSWLNASVFRG 
LGNLRVLDLSENFLYKCITKTKAFQGLTQLRKLNLSFNYQKRVSFAHLSLAPSFGSLVALKE 
LDMHGIFFRSLDETTLRPLARLPMLQTLRLQMNFINQAQLGIFRAFPGLRYVDLSDNRISGA 
SELTATMiGEADGGEKVWLQPGDLAPAPVDTPSSEDFRPNCSTLNFTLDLSRNNLVTVQPE 
NFAQLSHLQCLRLSHNCISQANGSQFLPLTGLQVLDLSHNKLDLYHI-EHSFTELPRLEALD 
LSYNSQPFGMQGVGHNFSFVAHLRTLRHILSLAHNNIHSQVSQQLCSTSLRALDFSGNALGH 
MVAEGDLYLHIFFQGLSGLIWLDLSQNRLHTLLPQTLRNLPKSLQVLRLRDNYLAFFKWVS 
LHFLPKLEVLDL AGNQLKALTNGSLPAGTRLRRLDVSCNSISFVAPGFFSKAKELRELNLSA 
NALKTVDHSWFGPL ASALQILDVSANPLHCACGAAFMDFLLEVQAAVPGLPSRVK CGSPG 
QLQGLSIFAQDLRLCLDEALSWDCFALSLLAVALGLGVPMIVILHI-ILCGWDLWAYCFHLCLA.V 
LPWRGRQSGRDEDAILPYDAFVVFDKTQSAVADWVYNELRGQLEECRGRWALRLCLEERD 
WLPGKTLFENLWASVYGSRKTLFVLAITDRVSGLLRASFLLAQQRLLEDRKDVVVLVILSP) 
DGRRSRYVRLRQRLCRQSVLLWPHQPSGQRSFWAQLGMALTRDNHHFYNRNFCQGPTAE 

SEQ ID NO: 39. TLR10 
MRLIRNYIFCSIVMTAEGDAPELPEERELMTNCSNMSLRKVPADLTPATTTLDLSYNLLFQ 
LQSSDFIISVSKLRVLIILCHNRIQQLDLKTFEFNKELRYLDLSNNRLKSVTWYLLAGLRYLD 
LSFNDFDTMPICEEAGNMSHLEILGLSGAKIQKSDFQKIAHLHLNTVFLGFRTLPIYEEGSLP 
ILNTTKLHIVLIPMDTNFWVLLRDGIKTSKILEMTNIDGKSQFVSYEMQRNLSLENAKTSVLL 
LNKVDLLWDDLFLILQFVWHTSVEHFQIRNVTFGGKAYLDHNSFDYSNTVMRTIKLEHVH 
FRVFYIQQDKIYLLLTKMDIENLTISNAQMPHMLFPNYPTKFQYLNFANNILTDELFKRTIQL 
PHLKTLILNGNKLETLSLVSCFANNTPLEHLDLSQNLLQHKNDENCSWET f S1VNMNLSYNK 
LSDSVFRCLPKSIQILDLNNNQIQT\PKETIHLMALRELNIAFNFLTDLPGCSHFSRLSVLNIE 
MNFILSPSLDFVQSCQEVKTLNAGRNPFRCTCELKNFIQLETYSEVMMVGWSDSYTCEYPL 
NLRGTRLKDVHLHELSCNTALLIVTIVVIMLVLGLAVAFCCLHFDLPWYLRMVILGQCTQTW 
HRVRKTTQEQLKRNVRFHAFISYSEHDSLWVKNELIPNIEKEDGSILICLYESYFDPGKSISE 
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NIVSFIEKSYKSIFVLSPNFVQNEWCHYEFYFAHI-LHNLFI-IENSDHIILILLEPIPFYCIPTRYI-IKL 
KALLEKKAYLEWIKDRRKCGLFWANLRAAINVNVLATREMYELQ TF TELNEESRGSTISL 
MRTDCL 

SEQ ID NO: 40. Exemplary TLR polypeptide I (TLR4) 

TIIGVSVLSVLV\/SVVAVLVYKFYFHLMLLAGCIKYGRGENIYDAFVIYSSQDEDWVRNEL 
VKNLEEGVPPFQLCLHYRDFIPGVAIAANIIHEGFHKSRKVIVVVSQHFIQSRWCIFEYEIAQf 
WQFLSSRAGIIFIVLQKVEKTLLRQQVELYRLLSRNTYLEWEDSVLGRHIF-WRRLRKALLD 
GKSWNPEGTVGIGCNWQEATSI 

SEQ ID NO: 41. Exemplary TLR polypeptide 2 (TLR2) 
LSVSECHRTAL\VSGMCCALFLLILLTGVLCHRFHGLWYMKMMWAWLQAKRKPRKAPSR 
NICYDAFVSYSERDAYWVENIMVQELENTNPPFKLCLHKRDFIPGKWIIDNIIDSIEKSHKTV 
FVLSENFVKSEWCKYELDFSHFRLFDENNDAAILILLEPIEKKAIPQRFCKLRKIMNTKTYLE 
WPMDEAQREGFWVNLRAAIKS 

SEQ ID NO: 42. Exemplary TLR polypeptide 3 (TLRI) 
LSCNITLLIVTIVATMI VLAVTVTSLCSYLDLPWYLRMVCQWTQTRRRARNIPLTELQRNL 
QFHAFISYSGHDSFWVKNELLPNLEKEGMQICLHERNFVPGKSIVENIITCIEKSYKSIFVLSP 
NFVQSEWACH-IYELYFAHHI-NLFRiEGSNSLILILLEPIPQYSIPSSYHKLKSLMARRTYLEWPKE 
KSKRGLFWANLRAAINIKLTEQAKK 

SEQ ID NO: 43. CLL1/CD33 dual CAR 
MALPVTAL-ILPL ALLL-AARPQVQLVESGGGSVQAGGALSLSCAASGYTVRIDYMGWYR 
QTPGKGREPVATIASNGGTAYADSVEGRFTISQDNAKNSVYLQMNTLKPGDTAMYYCAA 
iTWPTLTYFGQGTQVTVSSGGGGSEVQLVESGGGSVQAGGSLRLSCAASGYTYSINCMGW/ 

FRQAPGKEREGVAVISTGGGRTDYRDSVKGRFTISQDNAKNTVYLQMNSLKPEDTAMYYC 
AGKTTYPGYGCGLGRSAYNYWGQGTQVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPA 
AGGAVHTRGLDFACDIYIWAP)LAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTT 
QEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRG 
RDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKiHDGLYQGLSTATKD 
TYDALHMQALPPR 

SEQ ID NO: 44. Tandem anti-BCMA sdAb 
AVQLVESGGGLVQAGDSLRLiTCTASGRAFSTYFMAWFRQAPGKEREFVAGIAWSGGSTAY 
ADSVKGRFTISRDNAKNTVYLQMNSLKSEDTAVYYCASRGIEVEEFGAWGQGTQVTVSSG 
(iGGSQVQLEESGGGSVQAGGSLRLSCAYTYSTYSNYYMGWFREAPGKARTSVAIlSSDTTI 

TYKDAVKGRFTISKDNAKNTLYLQMNSLKPEDSAMYRCAAWTSDWSVAYWGQGTQVTV 
SS 

SEQ ID NO: 45. GM-CSF signal peptide 
MWLQSLLLLGTVACSIS 

SEQ ID NO: 46. IL-15 signal peptide 
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MRISKPHLRSISIQCYLCLLLNSHFL TEA 

SEQ ID NO: 47. FLAG tag 
DYKDDDDK 

SEQ ID NO: 48. HA tag 
YPYDVPDYA 

SEQ ID NO: 49. c-Myc tag 
EQKLISEEDL 

SEQ ID NO: 50. CD28 4-1BB intracellular signaling domain 
RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSKRGRKKLLYIFKQPFMTRPV 
QTTQEEDGCSCRFPEEEEGGCEL 

SEQ ID NO: 51. NKG2D 81-216 
SLFNQEVQIPLTESYCGPCPKNWICYKNNCYQFFDESKNWYESQASCMSQNASLLKVYSKE 
DQDLLKLVKSYHWMGLTHPTNGSWQWEDGSILSPNLLTHEMQKGDCALYASSFKGYEN 
CSTPNTYICMQR TV 

SEQ ID NO: 52. NKG2D 89-216 
IPLTESYCGPCPKNWICYKNNCYQFFDESKNWYESQASCMSQNASLLKVYSKEDQDLLKL 
VKSYHWMGiLVHIIPTNGSWQWEDGSILSPNLLTIIEMQKGDCALYASSFKGYIENCSTPNTYI 
CMQR TV 

SEQ ID NO: 53. NKG2D 98-216 
PCPKN\ICYKNNCYQFFDESKNWYESQASCMSQNASLLKVYSKEDQDLLKLVKSYHWM 
iLVHIPTNGSWQWEDGSILSPNLLETIIEMQKGDCALYASSFKGYIENCSTPNTYICMQRTV 

SEQ ID NO: 54. NKG2D 1-216 
MGWIRGRRSRI-ISWEMSEFHNYNLDLKKSDFSTRWQKQRCPVVKSKCRENASPFFFCCFIA 
VAMGIRFIIMVAIWSAVFLNSLFNQEVQIPLTESYCGPCP)KNWICYKNNCYQFFDESKNWY 
ESQASCMSQNASLLKVYSKEDQDLLKLVKSYHWMGLVIUPTNGSWQWEDGSILSPNLLTII 
EMQKGDCALYASSFKGYIENCSTPNTYICMQRTV 

SEQ ID NO: 55. GPC3 scFv 
DVVMTQSPLSLVTPGEP)ASIISCRSSQSLVI-ISNANTYLHWYLQKPGQSPQLLIYKVSNRFSG 
VPDRFSGSGSGTDFTLKISRVEAEDVGVYYCSQNTHVPPTFGQGTIKLEIKRGGGGSGGGGS 
GGGGSQVQLVQSGAEVKKPGASVKVSCKASGYTFTDYEMHWVRQAPGQGLEWMGALDP 
KTGDTAYSQKFKGRVTLTADESTSTAYMELSSLRSEDTAVYYCIRFYSY-TYWGQGTLVTV 
SS 

SEQ ID NO: 56. Anti-GPC3 4-iBB CAR 
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MALPVTALLLPL ALLLHAARPDYKDDDDKDVVMTQ SPLSLPVTPGEPASISCRSSQSLVHS 
NANTYLI-IWYLQKPGQSPQLLIYKVSNRFSG\fPDRFSGSSGTDF TLKISRVEAEDVGVYYC 

SQNTHVPPTFGQGTKLEIKRGGGGSGGGGSGGGGSQVQLVQSGAEVKKPGASVKVSCKAS 

GYTF TDYEMHVVRQAPGQGLEWMGALDPK TGDTAYSQKFKGRVTL TADESTSTAYMEL 
SSLRSEDTAVYYCTRFYSYTYWGOGTLVTVSSTTTPAPRPPTPAPTIASQPLSLRPE ACRPAA 

GGAVI-TRGLDFACDIYIWAPL AGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQ 
EEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQCQNQLYNELNLGRREEYDVLDKRR(GR 

DPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGYQGLSTATKDT 
YDALHMQALPPR

SEQ ID NO: 57. Anti-GPC3 4-1BB CAR armored with NKG2DTLR4 chimeric receptor 
IALPVTALLLPLALLLHAARPDYKDDDDKDVVMTQSPLSLPVTPGEPASISCRSSQSLVHS 

NANTYLIH-WYIQKPGQSPQLLIYKVSNRFSGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYC 
SQNTHVPPTFGQGTKLEIKRGGGGSGGGGSGGGGSQVQLVQSGAEVKKPGASVKVSCKAS 
GYTFTDYEMHTI\VRQAPGQGLEWMIGALDPKTGDTAYSQKFKGRVTLTADESTSTAYMFL 
SSLRSEDTAVYYCTRFYSYTYWGQGTLVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAA 
GGAVHTRGLDFACDIYWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFIRPVQTTQ 
EEDGCSCRFPEEEGGCELRVKFSRSADAPAYKQGQNQLNTLNLGRREEYDVLDKRRGR 
DPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDT 
YDALIIMQ ALPPRGSGA TNFSLLKQA(DVEENPGPMALPVTALLLPLALLLHAARPSLFNQ 
EVQIPL TESYCGPCPKNWICYKNNCYQFFDESKNWYESQASCMSQNASLLKVYSKEDQDL 
LKLVKSYHWMGLVHIPTNGSWQW"EDGSILSPNLLTIIEMQKGDCALYASSFK(YIENCSTP 
NTYICMQR TVTIIGVSVLSVLVVSVVAVLVYKFYFHLMLLAGCIKYGRGENIYDAFVIYSSQ 
DEDWVRNELVKNLEEGVPPFQLCLHI-YRDFIPGVAIAANIIHEGFHKSRKVIVVVSQIHFIQSR 
WCIFEYEIAQ TWQFLSSRA(GIIFIVLQKVEKTLLRQQVELYRLLSRNTYLEVEDSVLGRHIF 
W"RRLRKALLDGKSWNPEGTVGTGCNWQEATSI 

SEQ ID NO: 58. Anti-GPC3 4-1BB CAR armored with NKG2D CD8 TLR4 chimeric receptor 
MALPVTALLLPLALLLHAARPDYKDDDDKDVVMTQSPLSLPVTP)GEPASISCRSSQSLVHS 
NANTYLI-IWYLQKPGQSPQLLIYKVSNRFSGVPDRFSGSSGTDFTLKISRVEAEDVGVYYC 
SQNTHVPPTFGQGTKLEIKRGGGGSGGGGSGGGGSQVQLVQSGAEVKKPGASVKVSCKAS 
GYTFTDYEMI-IWVRQAIGQGLEWMGALDPKTGDTAYSQKFKGRVTLTADESTSTAYMEL 
SSLRSEDTAVYYCTRFYSYTYWGQGTLVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAA 
GGAVI-ITRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQ 
EEDGCSCRFPEEEEGGCELRVKFSRSADAIAYKQGQNQLYNELNLGRREEYDVLDKRRGR 
DP)EMGGK]RRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSI'ATKDT 
YDALIHMQALPPRGSGATNFSLLKQAGDVEENPGPMALPVTALLLPLALLLHAARPSLFNQ 
EVQIPLTESYCGPCPKNWICYKNNCYQFFDESKNWYESQASCMSQNASLLKV'YSKEDQDL 
LKL\fKSYHWMGLVHIPTNGSWQWEDGSILSPNLLTIIEMQKGDCA-LYASSFKGYIENCSTP 
NTYICMQRTVTTT)APR)PTPAPTIASQPLSLRI)EACRPAAGGAVHTRGLDFACDTIIGVSVL 
SVLV-fVSVVAVLVYKFYFIHLMLLAGCIKYGRGENIYDAFVIYSSQDEDWVRNELVKNLEEG 
VPPFQLCLHYRDFIPGVAIAANIIHEGFHKSRKVIVVVSQIIFIQSRWCIFEYEIAQTWQFLSSR 
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AGHiIFIVLQKVEK TLLRQQVELYRLLSRNTYLEWEDSVLGRHIFWRRILRKALLDGKSWNPE 
GTVGTGCNWQEATSI 

SEQ ID NO: 59. Anti-CD19 4-1BB CAR armored with NKG2D TLR4 chimeric receptor 
MALPVTALLLPLALLLHAARPDIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKP 
DGTVKLLIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNTLPYTFGGGTK 
LEITGiGGGSGGGGSGGGGSEVKLQESGPGLVAPSQSLSVTCTVSG\SLPDYG\VSWIRQPPR 
KGLEWLGVIWGSETTYYNSALKSRLTIIKDNSKSQFLKMNSLQTDDTAIYYCAKHYYYG 
GSYA\'IDYWGQGTSV'TVSSTTTPAPRPPTPAP'TIASQPLSLRPEACRPAAGGAVHTRGLDFA 
CDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEE 
EGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKN 
PQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATIKDTYDALHMQALPPR 
GSGATNFSLLKQAGDVEENPGPMALP\VTALLLPLALLLHAARPSLFNQEVQIPLTESYCGPC 
PKNWICYKNNCYQFFDESKNWYESQASCMSQNASLLKVYSKEDQDLLKLVKSY-HW MGL 
VHIPTNGSWQWEDGSILSPNLLTTIIEMQKGDCALYASSFKGYENCSTPNTYICMQRTVTIIG 
VSVLSVLVSVVNAViVYKFFTHLMLLAGCIKYGRGENT)AFVIYSSQDEDNWRNELVKN 
LEEGVPPFQLCLHYRDFIPGVAIAANIIHEGFHKSRKVIVVVSQHFIQSRWCIFEYEIAQTWQ 
FLSSRAGTIFIVLQKVEKTLRQQTLYRLLSR-NTYLETDSVLGRHIFWRRLRKALLDGKS 
WNPEGTVGTGCNWQEATSI 

SEQ ID NO: 60. Anti-CD19 4-1BB CAR armored with NKG2D CD8 TLR4 chimeric receptor 
MALPVTA-IILPL ALLL-AARPDIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKP 
DGTVKLLIYI-TSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNTLPYTFGGGTK 
LEITGGGGSCGGGSGGGGSEVKLQESGPGLVAPSQSLSVTCTVSGVSLPDYGVSW'IRQPPR 
KGLEWLGVIWGSETTYYNSALKSRLTIIKDNSKSQVFLKMNSLQTDDTAIYYCAKH4YYYG 
GiSYAMDYWGQGTSVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTR GLDFA 
CDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEE 
EGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKN 
PQEGLYNELQKDKMAEAYSEIGMv[KGERRRGKGHDGLYQGLSTATKDTYDALIIMQ ALPPR 
iSGATNFSLLKQAGDVEENPGPMALPVTALLLPLALLL-IAARLPSLFNQEVQIPLTESYCGPC 

IKNWICYKNNCYQFFDESKNWYESQASCMSQNASLLKVYSKEDQDLLKLVKSYHWMGL 
V-IPTNGSWQWEDGSILSPNLLTIIEMQKGDCALYASSFKGYIENCSTPNTYIICMQRTVTTTP 
APRPITPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDTHG5VLVLSVLVVS V VA\fLVY 
KFYFHLMLLAGCIKYGRGENIYDAFVIYSSQDEDWVR .NELVKNLEEGVPPFQLCLHYRDFI 
PGVAIAANLLHEGFHKSRKVIVVVSQIFIQSRWVCIFEYEIAQTWQFLSSRAGHIFIVLQKVEKT 
LLRQQVELYRLLSRLNTYLEWVEDSVLGRFHIFWRRLRKALLDGKSWNPEGTVGTGCNWQEA 
TSI 

SEQ ID NO: 61. Tandem anti-BCMA-co-anti-BCMA CAR 
MALPVTALLLPLALLLHAARPAVQLVESGGGLVQAGDSLRLTCTASGRAFSTYFMAWFRQ 
APGKEREFVAGIAWSGGSTAYADSVKGRFTISRDNAIKNTVYLQMNLSLKSEDTAVYYCASR 
GIEVEEFGAWGQGTQVTVSSGGGGSQVQLEESGGGSVQAGGSLRLSCAYTYSTYSNYYMG 
WFREAPGKARTSVAHISSDTTITYKDAVKGRFTISKDNAKNTLYLQMNSLKPEDSAMYRCA 
AWTSDWSVAYWGQGTQVTVSSTSTTTP'IAIPRPPTPAPTIASQPLSLRPEACRPAAGGAVRITR 
GLDFACDIYIWAPLAGTCGVILLSLITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCR 
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FPEEEEGGCELRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKP 
RRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQ 
ALPPRGSGA TNFSLLKQAGDVEENPGPMALPVTALLLPL ALLLHAARPAVQLVESGGGLV 
QAGDSLRLTCTASGRAFSTYFMAWFRQAPGKEREFVAGIAWSGGSTAYADSVKGRF TISR 
DNAIKNTVYLQMNLSLKSEDTAVYYCASRGIEVEEFGAWGQGTQVTVSSGGGGSQVQLEES 
GGGSVQAGGSLRLSCAYTYSTYSNYYMGWFREAPGKARTISVAIISSD'TTITYKDAVKGRF T 
ISKDNAKNTLYLQMLNSLKPEDSAMYRCAAWTSDWSVAYWGQGTQVTVSSTSQMNKTIIG 
VSVLSVLVVSV\VAVLVYKFYFHLMLLAGCIKYGRGENIYDAFVIYSSQDEDWVRNELVKN 
LEEGVPPFQLCLHYRDFIPGVAIAANIIHEGF1HKSRKVIVVVSQHFIQSRWCIFEYEIAQT WQ 
FLSSRAGIIFIVLQKVEKTLLRQQVELYRLLSRNTYLEWEDSVLGRHIFWRRLRKALLDGKS 
WNPEGTVGTGCNWQEATSI 

SEQ ID NO: 62. Single anti-BCMA-co-anti-BCMA CAR 
MALPVTALLLPLALLLHAARPAVQLVESGGGIVQAGDSLRLTCTASGRAFSTTMAWFRQ 
APGKEREFVAGIAWSGGSTAYADSVKGRFTISRDNAKNTVYLQMNSLKSEDTAVYYCASR 
GIEVEEFGAWGQGTQVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDF 
ACDIYIWAPLAGTCGVLLLSLVIT.YCKRGRKKLLYIFKQPF.IRPVQTTQEEDGCSCRFPEE 
EEGGCELRVKFSR-SADAPAYQQGQNQIYNFLNLGRREEYDVLDKRRGRDPEMGGKPRRK 
NPQEGLYNTLQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPP 
RGSGATNFSLLKQ AGDVEENPGPMALPVTALLLPL ALLLHAARPQVQLEESGGGSVQAGG 
SLRLSCAYTYSTYSNYYMGWFREAPGKARTSVAIISSDTTITYKDAVKGRFTISKDNAKNTL 
YLQMNSLKPEDSAMYRCAAWTSDWSVAYWGQGTQVTVSSTSQMNKTIIGVSVLSVLVVS 
VVAVLVYKFYFHLIMLLACIKYGRGENIYDAFVIYSSQDEDWVRNELVKNLEEGVPPFQL 
CLHYRDFIPGVA-\IAANIIHEGFHI-KSRKVIVVVSQHFIQSRWCIFEYEIAQTWQFLSSRAGIIFIV 
LQKVEKTLLRQQVELYRLLSRNTYLEWEDSVLGRHIFVRRLRKALLDGKSWNPEGTVGTG 
CNWQEATSI 

SEQ ID NO: 63. Single anti-BCMA-co-anti-BCMA-(D8 CAR 
MALPVTA-IILPL ALLLI-IAARPAVQLVESGGGLVQ AGDSLRLTCTASGRAFSTYFMAWFRQ 
AP(KEREFVAGIAWSGGSTAYADSVKGRFTISRDNAKNTVYLQMNSLKSEDTAVYYCASR 
GlIEVEEFGAWGQ(GTQVT VSSTTTPAIPRPPTPAPTIASQPLSLRPEACRPAAGGAVH'TRGLDF 
ACDIYIIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQP)FMRPVQTTQEEDGCSCRFPEE 
EEGGCELRVKFSRSADAPAYQQGNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRK 
NPQEGLYNELQKDKMAEAYSEIGMKGERIRRGKGHDGLYQGLSTATKDTYDALHMQALPP 
RGSGATNFSLLKQAGDVEENPGPMALPVTALLLPLALLLHAARPQVQLEESGGCSVQAGG 
SLRLSCAYTYSTYSNYYMGWFREAIPGKARTSVAIISSDTTITYKDAVKGRFTLISKDNAKNTL 
YLQMNSLKPEDSAMYRCAAWTSDWSVAYWGQ(GTQTVSTSTTTPAPI-1RPPTIPAPTIASQP 
LSLRPEACRPAAGGAVHTRGLDFACDTHlGVSVLSVLVVSVVAVLVYKFYFHLMLLAGCIK 
YGRGENIYDAFVIYSSQDEDWVRNELVKNLEEGVPPFQLCLHYRDFIPGVAIAANHHIIEGFH 
KSRKVIVVVSQHFIQSRWCIFEYEIAQTWQFLSSRAGIIFIVLQKVEKTLLRQQVELYRLLSR 
NTYLEWEDSVLGRHIFWRRLRKALLDGKSWNPEGTVGTGCNWQEATSI 

SEQ ID NO: 64. Single anti-BCMA-co-anti-BCMA-CD28 CAR 
MALPVTALLLPLALLLHAARiPAVQLVESGGGLVQAGDSLRLTCTASGRAFSTYFMAWFRQ 
APGKEREFVAGIAWSGGSTAYADSVKGRFTISRDNAKNTVYLIQMNSLKSEDTAVYYCASR
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GIEVEEFGAWGQGTQVTVSSTT TPAPRPPTPAPTIASQPLSLRPEACRPAAGGAV1-TRGLDF 
ACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQT TQEEDGCSCRFPEE 
EEGGCELRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRK 
NPQEGLYNELQKDKMAEAYSEIGIMKGERRRGKGH-[DGLYQGLSTATKDTYDAL-MQALPP 
RGSGATNFSLLKQAGDVE]ENPGPMALPVTALLLPLALLLHAARPQVQLEESGGGSVQAGG 
SLRLSCAYTYSTYSNYYMGWFREAPGKARTSVAIISSDTTITYKDAVKGRFTISKDNAKNTL 
YLQMNSLKPEDSAMYRCAAWTSDWSVAYWGQGTQVTVSSTSIEVMYPPPYLDNEKSNGT 
IIHVKGKHLCPSPLFPGPSKPTIIGVSVLSVLVVSVVAVLVYKFYFHLM/LLAGCIKYGRGENI 
YDAFVIYSSQDEDWVRNELVKNLEEGVPPFQLCLHYRDFIPGVAIAANIIHEGFHKSRKVIV 
VVSQHFIQSRWCIFEYEIAQ TWQFLSSRAGIIFIVLQKVEKTLLRQQVELYRLLSRNTYLEWE 
DS\LGRHIFWRRLRKALLDGKSWNPEGTVGTGCNWQEATSI 

SEQ ID NO: 65. Tandem anti-BCMA-co-anti-GPRC5D CAR 
MALPVTALLLPLALLLHAARPAVQLVTSGGGIVQAGDSLRLTCTASGRAFSTTMAWFRQ 
APGKEREFVAGIAWSGGSTAYADSVKGRFTISRDNAKNTVYLQMNSLKSEDTAVYYCASR 
GIEVEEFGAWGQGTQVTVSSGGGSQVQIEESGGGSVQAGGSLRLSCAYTYSTYSNYYIG 
WFREAPGKARTSVAISSDTTITYKDAVKGRFTISKDNAKNTLYLQMNSLKPEDSAMYRCA 
AWTSDWSVAYWGQGTQVTVSSTSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTR 
GLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCR 
FPEEEEGGCELRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKP 
RRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGIHDGLYQGLSTATKDTYDALHMQ 
ALPPRGSGATNFSLLKQAGDVEENPGPMAL1IPVTAL-I-LLPL ALLL-AARPQSVVTQPPSMSAA 
PGQQVTISCSGGNSNIERNYVSWYLQLPGTAPKLVIFDNDRRPSGIPDRFSGSKSGTSATLGI 
TGLQ TGDEADYYCGTWDSSLRGWVFGGGTKLTVLGSRGGGGSG(ICiGSGGGGSLEMAEV 
QLVESGGGLIQPGGSLRLSCAASGFTFSNYAMN\VRQAPGKGLEVYSTNGRGSSTIYADS 
VKGRFTISRDNSKNTLYLQIQMNSLRAEDTATYYCARYISRGLGDSWGQGTLVTVTIIGVSVL 
SVLVVSVVAVLVYKFYFIHLMLLAGCIKYGRGENIYDAFVIYSSQDED\VRNELVKNLEEG 
VPPFQLCLIHIYRDFIPGVAIAANIIHEGFHKSRKV[VVVSQHFIQSRWCIFEYEIAQTWQFLSSR 
AGIIFIVLQKVEKTLRQQVELYRLLSRNTYLEVEDSVLGRHIFWRRLRKAIIDGKSWNPE 
GI-TVGTGCNWQEATSI 

SEQ ID NO: 66. Tandem anti-BCMA CAR 
MALPVTALLLPLALLLH-AARPAQLVESGGiGLVQAGDSLRLTCTASGRAFSTYFMAWFRQ 
AP(KEREFVAGIAWSCKISTAYADSVKGRFTISRDNAKNTVYLQMNSLKSEDTAVYYCASR 
GlIEVEEFGAWGQ(GTQVT VSSGGGGSQVQLEESGGGSVQAGGSLRLSCAYTYSTYSNYYMG 
WFREAIGKARTSVAIISSDTTIITYKDAVKGRFTISKDNAKNTLYLQMNSLKPEDSAMYRCA 
AWTSDWSVAYWGQGTQVTVSSTSTTTPAPRPPTPAPTI-ASQPLSLRIPEACRPAACiAV-ITR 
iLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRP)VQTTQEEDGCSCR 

FPEEEEGGCELRVIKFSRSADAP'AYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKP 
RRKNPQEGLYNELQKDKMNAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQ 
ALPPR 

SEQ ID NO: 67. Single anti-BCMA CAR 
MALPVTALLLPLALLLHAARPAVQLVESGGGLVQAGDSLRLTCTASGRAFSTYFMAWFRQ 
APGKEREFVAGIAWSGGSTAYADSVKGRFTISRDNAKNTVYLIQMNSLKSEDTAVYYCASR
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GIEVEEFGAWGQGTQVTVSSTT TPAPRPPTPAPTIASQPLSLRPEACRPAAGGAV1-TRGLDF 
ACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQ'T TQEEDGCSCRFPEE 
EEGGCELRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRK 
NPQEGLYNELQKDKMAEAYSEIGIMKGERRRGKGH-[DGLYQGLSTATKDTYDALHMQALPP 
R 

SEQ ID NO: 68. First single anti-BCMA sdAb 
AVQLVESGGGLVQAGDSLRLTCTASGRAFSTYFMAWFRQAPGKEREFVAGIAWSGGSTAY 
ADSVKGRFTISRDNAKNTVYLQMNSLKSEDTAVYYCASRGIEVEEFGAWGQGTQVTVSS 

SEQ ID NO: 69. Second single anti-BCMA sdAb 
QVQLEESGGGSVQAGGSLRLSCAYTYSTYSNYYMGWFREAPGKARTSVAIISSDTTITYKD 
AVKGRFTISKDNAKNTLYLQMNSLKPEDSAMYRCAAWTSDWSVAYWGQGTQVTVSS 

SEQ ID NO: 70. Anti-GPR C5D scFv 
QSVVTQPPSMSAAPGQQVTISCSGGNSNIERNYVSWYIQLPGTAPKLVIFDNT)RRPSGIPDR 
FSGSKSGTSATLGITGLQ TGDEADYYCGTW)SSLRGW\TGGGTKLTVLGSRGGGGSGGGG 
SGGGGSLEMAEVQLVESGGGLIQPGGSLRLSCAASGFTFSNYAMNWVRQAPGKGLEWVST 
INGRGSSTIYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTATYYCARYISRGLGDSWCQG 
TLVTV 

SEQ ID NO: 71. CLLI-co-CD33-2 CAR 
MALPVTA-IILPL ALLLHAARPQVQLVESGGGSVQAGGALSLSCAASGYTVRIDYMGWYR 
QTPGKGREPVATIASNGGTAYADSVEGRFTISQDNAKNSVYLQMNTLKPGDTAMYYCAA 
iTWPTLTYFGQGTQVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAA(IGAVH-ITRGLDFA 

CDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEE 
EGGCELRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKN 
PQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALIIMQ ALPPR 
iSGATNFSLLKQ AGDVEENPGPMALPVTALLLPL ALLL-AARPEVQLVESGGGSVQ AGGS 

LRLSCAASGYTYSINCMGW\'FRQAPGKEREGVAVLSTGGGRTDYRDSVKGRFTISQDNAKN 
TVYLQMNSLKPEDTAMYYCAGKTTYPGYGCGLGRSAYNYWGQGTQVTVSSQMNKTIIGV 
SVLSVLVVSVVAVLVYKFYFHLMLLAC(IKYGRGENIYDAFVIYSSQDEDWVRNELVKNL 
EEGVPPFQLCLHYRDFIPiVAIAANIIIEGFHI-KSRKVIVVVSQI-FIQSRWCIFEYEIAQTWQF 
LSSRAGIIFIVLQKVEKTLLRQQVELYRLLSRNTYLEWEDSVLGRHIFWRRLRKALLDGKS 
WNIEGTVGTGCNWQEATSI 

SEQ ID NO: 72. Tandem anti-BCMA-co-anti-GPRC5D-CD8 CAR 
MALPVTALLLPLALLLI-IAARPAVQLVESGGGLVQAGDSLRLTCTASGRAFSTYFMAWFRQ 
APGKEREFVAGIAWSGGSTAYADSVKGRFTISRDNAKNTVYLQMNSLKSEDTAVYYCASR 
GIEVEEFGAWGQGTQVTVSSGGGGSQVQLEESGGGSVQAGGSLRLSCAYTYSTYSNYYMG 
WFREAPGKARTSVAIISSDTISTYKDAVKGRFTISKDNAKSNTLYLQNSLKPEDSAMYRCA 
AWTSDWSVAYWGQGTQVTVSSTSTITIAPRPPfPAPTIASQPLSLRPEACRPAAGGAVRITR 
GLDFACDIYIWA1LAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCR 
FPEEEEGGCELRVKFSRSADAP'AYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKP 
RRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQ 
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ALPPRGSGA TNFSLLKQAGDVEENPGIPMALPVTALLLPLALLLHAARPQSV\fTQPPSMSAA 
PGQQVTISCSG(INSNIERNYVSWYLQLPGTAPKLVIFDNDRRPSGIPDRFSGSKSGTSATLGI 
TGLQ TGDEADYYCGTWv TDSSLRGW\fFGGGTKL TVLGSRG(iGSGGGGSGGGG(iSLEMAEV 
QLVES(iGGLIQPGGSLRLSCAASGFTFSNYAMNWVRQAPGKGLEWVSTINGRGSSTIYADS 
VKGRF TISRDNSKNTLYLQLNSLRAEDTATYYCARYISRGLGDSWGQGTLVTVTT TPAPRP 
PTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDT TIIGVSVLSVLV\SVVAVLVYKFY 
FHLMLLAGCIKYGRGENIYDAFVIYSSQDEDWVRNELVKNLEEGVPPFQLCLHYRDFIPGV 
AIAANIIHEGFHKSRKVIVV\'VSQFIFIQSRWCIFEYEIAQ TWQFLSSRAGIIFIVLQKVEKTLLR 
QQVELYRLLSRNIYLEWEDSVLGRHIFWRRLRKALLDGKSWNPEGTVGTGCNWQEATSI 

SEQ ID NO: 73. Tandem anti-BCMA-co-anti-GPRC5D-CD28 CAR 
MALPVTALLLPLALLLHAARPAVQLVESGGGLVQAGDSLRLTCTASGRAFSTYFMAWFRQ 
APGKEREFVAGIAWSGGSTAYADSVKGRFTISRDNAKNTVYLQM .NSLKSEDTAVYYCASR 
GIEVEEFGAWGOQGTQVTVSSGGGSQVQIEESGGGSVQAGGSLRLSCAYTYSTYSNYYIG 
WFREAPGKARTSVAIISSDTTITYKDAVKGRFTISKDNAKNTLYLQMNSLKPEDSAMYRCA 
AWTSDWSVAYWGQGTQVTVSSTSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTR 
GLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCR 
FPEEEEGGCELRVKFSR-SADAPAYQQGQNQLYNELNLGRREEYT)VLDKRRGRDPEMGGKP 
RRKTNPQEGLNTLQKDK-MAEAYSEIGMKGFRRRGKGHDGLYQGLSTATKDTT)ALHMQ 
ALPPRGSGATNFSLLKQAGDVEENPGPMALPVTAIILPL ALLHIIAARPQSVVTQPPSMSAA 
PGQQVTISCSGGNSNIERNYVSWYLQLPGTAPKLVIFDNDRRPSGIPDRFSGSKSGTSATLGI 
TGLQ TGDEADYYCGTWDSSLRGWVFGGGTKLTVLGSRGGGGSCKKGGSGGGGSLEMAEV 
QLVESGGGLIQPGGSLRLSCAASGFTFSNYAMN\VRQAPGKGLEV\STINGRGSSTIYADS 
VKGRFTISRDNSKNTLYLQ-IMNSLRAEDTATYYCARYISRGLGDSWGOGTLVTVIEVMYPPP 
YLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPTIIGVSVLSVVTVSVVAVLVYKFYFHLMLLA 
(CIKYGRGENIYDAFVIYSSQDEDWVTRNELVKNLEEGVPPFQLCLHI-YRDFIPGVAIAANHHI 

EGH-IKSRKVIVVVSQHFIQSRWCIFEYEIAQTWQFLSSRAGIIFIVLQKVEKTLLRQQVELYR 
LLSRNTYLEWEDSVLGR-IIFWRRLRKALLDGKSWNPEGTV(iT(CNWQEATSI 
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CL AIMS 

What is claimed is: 

1. A modified immune cell comprising: 

a) a first polypeptide comprising: i) a first target binding domain, ii) a firstTLR transmembrane 

domain, and iii) a firstTLR signaling domain; and 

b) a second polypeptide comprising: i) a second target binding domain, ii) a second TLR 

transmembrane domain, and iii) a secondTLR 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 inducing TLR signaling.  

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

second target binding domain each binds to a subunit of a multimeric target molecule.  

3. Themodified immune cell of claim 2, wherein the subunits of the multimeric target 

molecule are the same.  

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

molecule are different.  

5. The modified immune cell of claim I 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.  

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 5, 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 firstTLR 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 

molecule.  

11. The modified immune cell of any one of claims 1-10, wherein the first TLR_ transmembrane 

domain and the second TLR transmembrane domain are the same.  

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

domain and the second TLR signaling domain are the same.  

13. The modified immune cell of claim I 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, wherein the first TLR 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 firstTLR signaling 

domain and the second TLR signaling domain are different.  

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

domain and/or firstTLR signaling domain are derived from TLR2.  
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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 signaling domain are derived from TLR6.  

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 fromTLR1 

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 is an antibody moiety or antigen-binding fragment 

thereof 

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

second target binding domain is a scFv or sdAb.  

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

CD33, CLLI, CD123, CD19, CD2O, CD22, BCMA, GPRC5D, and GPC3.  

22. The modified immune cell of any one of claims5-18,whereinthetargetmoleculeisan 

immune checkpoint protein.  

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

group consisting of PD-1, CD70, CD27, SIRPo, andTIGIT.  

24. Themodified immune cell of any one of claims 5-18, wherein the target molecule is a 

natural protein expressed on immune cells.  

25. Themodified immune cell of claim 24, wherein the target molecule is 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 

NKG2D.  
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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 substitution, mutation, addition, and/or deletion.  

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

antigen binding domain of NKG2D.  

30. The modified immune cell of any one of claims 1-29, wherein the modified immune cell is 

selected from the group consisting of a cytotoxic Tcell, a helperTcell, a natural killer (NK) cell, an 

NK-cell, an iNK-T cell, an NK-T like cell, an ofpT cell and a ySTcell.  

31. The modified immune cell of claim 30, wherein the modified immune cell is an NK cell.  

32. The modified immune cell of claim 30, wherein the modified immune cell is a cytotoxic T 

cell.  

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

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 is 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 extracellular 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 extracellular 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 95% sequence identity to the amino acid sequence of any one of 

SEQ ID 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, wherein the modified immune cell 

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

second polypeptide.  

42. 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.  

193



WO 2023/020558 PCT/CN2022/113170 

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 linked 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 immune 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 first target binding domain 

specifically recognizes the C2 subunit of CD33, and the second target binding domain specifically 

recognizes the V subunit of CD33; or 

(2) 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.  

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 intracellular domain of a second cytokine receptor.  

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

intracellular domain are the same.  

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

intracellular 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 IL-18 

receptor, an IL-21 receptor, an IL-15 receptor, and an IL-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 intracellular domain of the second cytokine receptor 

comprise an immunoreceptor tyrosine-based activation motif (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 is fused to the N-terminus of the first TLR 

signaling domain; and/or the C-terminus of the second intracellular domain of the second cytokine 

receptor is fused to the N-terminus of the second TLR signaling domain.  

57. The modified immune cell of any one of claims 51-55, wherein the N-terminus of the first 

intracellular domain of the first cytokine receptor is fused to the C-terminus of the TLR signaling 

domain, and/or the N-terminus of the second intracellular domain of the second cytokine receptor is 

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

58. A method of producing a modified immune cell of any one of claims 1-57, 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.  

59. The method of claim 58, wherein the precursor immune cell is selected from the group 

consisting of a cytotoxic Tcell, a helperT cell, an NK cell, an NK-T cell, an iNK-T cell, an NK-T 

like cell, an orpT cell and a yST cell.  

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

receptor.  

195



WO 2023/020558 PCT/CN2022/113170 

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.  

65. 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 

simplex viral vector, and derivatives thereof.  

66. The method of any one of claims 58-62, further comprising isolating or enriching immune 

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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