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BCMA-TARGETED CAR-T CELL THERAPY OF MULTIPLE MYELOMA 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority to U.S. Provisional Applications No. 62/931,065, 

filed November 5, 2019, and 62/943,627, filed December 4, 2019, both of which are 

incorporated herein by reference in their entirety.  

SEQUENCE LISTING 

[0002] The instant application contains a Sequence Listing which has been submitted 

electronically in ASCII format and is hereby incorporated by reference in its entirety. Said 

ASCII copy, created on October 30, 2020, is named 253505_000091_SL.txt and is 9,516 bytes 

in size.  

BACKGROUND 

[0003] Multiple myeloma is a neoplasm of plasma cells that is aggressive. Multiplemyeloma 

is considered to be a B-cell neoplasm that proliferates uncontrollably in the bone marrow.  

Symptoms include one or more of hypercalcemia, renal insufficiency, anemia, bony lesions, 

bacterial infections, hyperviscosity and amyloidosis. Multiple myeloma is still an incurable 

disease, despite new therapies that include proteasome inhibitors, immunomodulatory drugs, 

and monoclonal antibodies that have significantly improved patient outcomes. Because most 

patients will either relapse or become refractory to treatment, there is an ongoing need for new 

therapies for multiple myeloma.  

SUMMARY OF THE DISCLOSURE 

[0004] Provided herein are improved therapies for treating multiple myeloma.  

[0005] In one aspect is provided a method of treating a subject who has a cancer, the method 

comprising administering to the subject at least one dose of cells comprising a chimeric antigen 

receptor (CAR) polypeptide comprising: 

a) an extracellular antigen binding domain comprising a first anti-BCMA binding 

moiety and a second BCMA binding moiety; 

b) a transmembrane domain; and 

c) an intracellular signaling domain.  
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[0006] In some embodiments, the cells are expanded in vitro prior to infusion. In some 

embodiments, the cells are T cells, NK cells, iPSC-NK cells. In some embodiments, the cells 

areCAR-Tcells. In some embodiments, the cells are NKT cells, iPSC-T cells or gamma-delta 

T cells. In some embodiments, the cells are heterologous or autologous.  

[0007] In some embodiments, the dose comprises 4.0 x 105 to 1.0 x 106 of the CAR-T cells 

per kilogram of the mass of the subject. In some embodiments, the dose comprises 4.0 x 105 

to 1.0 x 106 of the viable CAR-T cells per kilogram of the mass of the subject. In some 

embodiments, the dose comprises 4.0 x 105 to 6.0 x 105 of the CAR-T cells per kilogram of the 

mass of the subject. In some embodiments, the dose comprises 5.0 x 105 to 7.0 x 105 of the 

CAR-T cells per kilogram of the mass of the subject. In some embodiments, the dose comprises 

5.5 x 105 to 6.0 x 105 of the CAR-T cells per kilogram of the mass of the subject. In some 

embodiments, the dose comprises 6.0 x 105 to 8.0 x 105 of the CAR-T cells per kilogram of the 

mass of the subject. In some embodiments, the dose comprises 7.0 x 105 to 9.0 X 105 of the 

CAR-T cells per kilogram of the mass of the subject. In some embodiments, the dose comprises 

8.0 x 105 to 1.0 x 106 of the CAR-T cells per kilogram of the mass of the subject. In some 

embodiments, the dose comprises about 5.0 x 105, about 6.0 x 105, about 7.0 x 105, about 8.0 

X 105, about 9.0 x 105, or about 1.0 x 106 of the CAR-T cells per kilogram of the mass of the 

subject. In some embodiments, the dose comprises about 7.1 x 105, about 7.2 x 105, about 7.3 

X 105, about 7.4 x 105, about 7.5 x 106, about 7.6 x 106, about 7.7 x 106, about 7.8 x 106, or 

about 7.9 x 106 of the CAR-T cells per kilogram of the mass of the subject. In one embodiment, 

the dose comprises about 7.5 x 105 of the CAR-T cells per kilogram of the mass of the subject.  

[0008] In some embodiments, the dose comprises 1 x 106 to 1 x 108 of the CAR-T cells. In 

some embodiments, the dose comprises 1 x 106 to 5 x 106 of the CAR-T cells. In some 

embodiments, the dose comprises 4 x 106 to 1.5 x 107 of the CAR-T cells. In some 

embodiments, the dose comprises 1 X 107 to 2.5 x 107 of the CAR-T cells. In some 

embodiments, the dose comprises 2 x 107 to4x 107 of the CAR-T cells. In some embodiments, 

the dose comprises 3 x 107 to 5 x 107 of the CAR-T cells. In some embodiments, the dose 

comprises 4 x 107 to 6 x 107 of the CAR-T cells. In some embodiments, the dose comprises 5 

X 107 to 7 x 107 of the CAR-T cells. In some embodiments, the dose comprises 6 x 107 to 8 x 

107 of the CAR-T cells. In some embodiments, the dose comprises 7 x 107 to 9 x 107 of the 

CAR-T cells. In some embodiments, the dose comprises 8 x 107 to 1 x 108 of the CAR-T cells.  

In some embodiments, the dose comprises 2 x 107 to 8 X 107 of the CAR-T cells. In some 

embodiments, the dose comprises about 1 X 107, about 2 x 107, about 3 x 107, about 4 x 107, 
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about 5 x 107, about 6 x 107, about 7 x 107, about 8 x 107, about 9 x 107 or about 1 x 108 of the 

CAR-T cells. In some embodiments, the dose comprises about 5.1 x 107, about 5.2 x 107, about 

5.25 x 107, about 5.3 x 107, about 5.4 x 107, about 5.5 x 107, about 5.6 x 107, about 5.7 x 107, 

about 5.8 x 107, or about 5.9 x 107 of the CAR-T cells. In one embodiment, the dose comprises 

about 5.25 x 107 of the CAR-T cells.  

[0009] In some embodiments, the cells are administered at a dose resulting in 4.0 x 105 to 

1.0 x 106 of the CAR-T cells per kilogram of the mass of the subject. In some embodiments, 

the cells are administered at a dose resulting in 4.0 x 105 to 1.0 x 106 of the viable CAR-T cells 

per kilogram of the mass of the subject. In some embodiments, the cells are administered at a 

dose resulting in 4.0 x 105 to 6.0 x 105 of the CAR-T cells per kilogram of the mass of the 

subject. In some embodiments, the cells are administered at a dose resulting in 5.0 x 105 to 7.0 

X 105 of the CAR-T cells per kilogram of the mass of the subject. In some embodiments, the 

cells are administered at a dose resulting in 5.5 x 105 to 6.0 x 105 of the CAR-T cells per 

kilogram of the mass of the subject. In some embodiments, the cells are administered at a dose 

resulting in 6.0 x 105 to 8.0 x 105 of the CAR-T cells per kilogram of the mass of the subject.  

In some embodiments, the cells are administered at a dose resulting in 7.0 x 105 to 9.0 x 105 of 

the CAR-T cells per kilogram of the mass of the subject. In some embodiments, the cells are 

administered at a dose resulting in 8.0 x 105 to 1.0 x 106 of the CAR-T cells per kilogram of 

the mass of the subject. In some embodiments, the cells are administered at a dose resulting in 

about 5.0 x 105, about 6.0 x 105, about 7.0 x 105, about 8.0 x 105, about 9.0 x 105, or about 1.0 

x 106 of the CAR-T cells per kilogram of the mass of the subject. In some embodiments, the 

cells are administered at a dose resulting in about 7.1 x 105, about 7.2 x 105, about 7.3 x 105, 

about 7.4 x 105, about 7.5 x 106, about 7.6 x 106, about 7.7 x 106, about 7.8 x 106, or about 7.9 

x 106 of the CAR-T cells per kilogram of the mass of the subject. In one embodiment, the cells 

are administered at a dose resulting in about 7.5 x 105 of the CAR-T cells per kilogram of the 

mass of the subject.  

[0010] In some embodiments, the cells are administered at a dose resulting in 1 x 106 to 1 x 

108 of the CAR-T cells in the subject. In some embodiments, the cells are administered at a 

dose resulting in 1 x 106 to 5 x 106 of the CAR-T cells in the subject. In some embodiments, 

the cells are administered at a dose resulting in 4 x 106 to 1.5 x 107 of the CAR-T cells in the 

subject. In some embodiments, the cells are administered at a dose resulting in 1 x 107 to 2.5 

X 107 of the CAR-T cells in the subject. In some embodiments, the cells are administered at a 

dose resulting in 2 x 107 to 4 x 107 of the CAR-T cells in the subject. In some embodiments, 
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the cells are administered at a dose resulting in 3 x 107 to 5 x 107 of the CAR-T cells in the 

subject. In some embodiments, the cells are administered at a dose resulting in 4 x 107 to 6 x 

107 of the CAR-T cells in the subject. In some embodiments, the cells are administered at a 

dose resulting in 5 x 107 to 7 x 107 of the CAR-T cells in the subject. In some embodiments, 

the cells are administered at a dose resulting in 6 x 107 to 8 x 107 of the CAR-T cells in the 

subject. In some embodiments, the cells are administered at a dose resulting in 7 x 107 to 9 X 

107 of the CAR-T cells in the subject. In some embodiments, the cells are administered at a 

dose resulting in 8 x 107 to 1 x 108 of the CAR-T cells in the subject. In some embodiments, 

the cells are administered at a dose resulting in 2 x 107 to 8 x 107 of the CAR-T cells in the 

subject. In some embodiments, the cells are administered at a dose resulting in about 1 X 107, 

about 2 x 107, about 3 x 107, about 4 x 107, about 5 x 107, about 6 x 107, about 7 x 107, about 8 

X 107, about 9 x 107 or about 1 x 108 of the CAR-T cells in the subject. In some embodiments, 

the cells are administered at a dose resulting in about 5.1 x 107, about 5.2 x 107, about 5.25 x 

107, about 5.3 x 107, about 5.4 x 107, about 5.5 x 107, about 5.6 x 107, about 5.7 x 107, about 

5.8 x 107, or about 5.9 x 107 of the CAR-T cells in the subject. In one embodiment, the cells 

are administered at a dose resulting in about 5.25 x 107 of the CAR-T cells in the subject.  

[0011] In some embodiments, the dose of the CAR-T cells is administered only once during 

the course of the treatment. In some embodiments, the dose of the CAR-T cells is administered 

intravenously. In various embodiments, the cancer is multiple myeloma. In certain 

embodiments, the multiple myeloma is refractory multiple myeloma or relapsed multiple 

myeloma.  

[0012] In various embodiments, the ratio of CD4+ CAR-T cells to CD8+ CAR-T cells in the 

dose of the CAR-T cells is less than 4. In some embodiments, the ratio of CD4+ CAR-T cells 

to CD8+ CAR-T cells in the dose of the CAR-T cells is less than 2. In some embodiments, the 

ratio of CD4+ CAR-T cells to CD8+ CAR-T cells in the dose of the CAR-T cells is less than 

1.8. In some embodiments, the ratio of CD4+ CAR-T cells to CD8+ CAR-T cells in the dose 

of the CAR-T cells is less than 1.7. In some embodiments, the ratio of CD4+ CAR-T cells to 

CD8+ CAR-T cells in the dose of the CAR-T cells is less than 1.6. In some embodiments, the 

ratio of CD4+ CAR-T cells to CD8+ CAR-T cells in the dose of the CAR-T cells is less than 

1.4. In some embodiments, the ratio of CD4+ CAR-T cells to CD8+ CAR-T cells in the dose 

of the CAR-T cells is less than 1.2. In some embodiments, the ratio of CD4+ CAR-T cells to 

CD8+ CAR-T cells in the dose of the CAR-T cells is less than 1.0.  
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[0013] In some embodiments, effector memory CAR+ T cells comprise at least 20% of the 

total amount of CAR+ T cells in the dose of the CAR-T cells. In some embodiments, effector 

memory CAR+ T cells comprise at least 25% of the total amount of CAR+ T cells in the dose 

of the CAR-T cells. In some embodiments, effector memory CAR+ T cells comprise at least 

30% of the total amount of CAR+ T cells in the dose of the CAR-T cells. In some 

embodiments, effector memory CAR+ T cells comprise at least 35% of the total amount of 

CAR+ T cells in the dose of the CAR-T cells. In some embodiments, effector memory CAR+ 

T cells comprise at least 40% of the total amount of CAR+ T cells in the dose of the CAR-T 

cells. In some embodiments, central memory CAR+ T cells comprise at least 3% of the total 

amount of CAR+ T cells in the dose of the CAR-T cells. In some embodiments, central 

memory CAR+ T cells comprise at least 5% of the total amount of CAR+ T cells in the dose 

of the CAR-T cells. In some embodiments, central memory CAR+ T cells comprise at least 

6% of the total amount of CAR+ T cells in the dose of the CAR-T cells. In some embodiments, 

central memory CAR+ T cells comprise at least 10% of the total amount of CAR+ T cells in 

the dose of the CAR-T cells. In some embodiments, central memory CAR+ T cells comprise 

at least 15% of the total amount of CAR+ T cells in the dose of the CAR-T cells.  

[0014] In various embodiments of the above methods, wherein the ratio of the CD4+ CAR

T cells at Cmax to the CD8+ CAR-T cells at Cmax is less than 3.5. In some embodiments, the 

ratio of the CD4+ CAR-T cells at Cmax to the CD8+ CAR-T cells at Cmax is less than 2.0. In 

some embodiments, the ratio of the CD4+ CAR-T cells at Cmax to the CD8+ CAR-T cells at 

Cmax is less than 1.2. In some embodiments, the ratio of the CD4+ CAR-T cells at Cmax to 

the CD8+ CAR-T cells at Cmax is less than 0.8. In some embodiments, the ratio of the CD4+ 

CAR-T cells at Cmax to the CD8+ CAR-T cells at Cmax is less than 0.6. In some 

embodiments, the ratio of the CD4+ CAR-T cells at Cmax to the CD8+ CAR-T cells at Cmax 

is less than 0.4. In some embodiments, the ratio of the CD4+ CAR-T cells at Cmax to the CD8+ 

CAR-T cells at Cmax is less than 0.3.  

[0015] In various embodiments of the above, the method further comprises assaying the 

amount of CD4+ CAR-T cells and/or CD8+ CAR-T cells in the subject.  

[0016] In various embodiments of the above methods, the central memory CAR+ T cells 

comprise at least 75% of the total amount of CAR+ T cells after the dose is administered. In 

some embodiments, the central memory CAR+ T cells comprise at least 80% of the total 

amount of CAR+ T cells after the dose is administered. In some embodiments, the central 

memory CAR+ T cells comprise at least 85% of the total amount of CAR+ T cells after the 
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dose is administered. In some embodiments, the central memory CAR+ T cells comprise at 

least 90% of the total amount of CAR+ T cells after the dose is administered.  

[0017] In various embodiments of the above methods, the method further comprises assaying 

for the ratio of central memory CAR+ T cells to the total amount of CAR+ T cells in the subject 

after the dose is administered.  

[0018] In various embodiments of the above methods, the effector memory CAR+ T cells 

comprise at least 2% of the total amount of CAR+ T cells after the dose is administered. In 

some embodiments, the effector memory CAR+ T cells comprise at least 3% of the total 

amount of CAR+ T cells at after the dose is administered. In some embodiments, the central 

memory CAR+ T cells comprise at least 5% of the total amount of CAR+ T cells after the dose 

is administered. In some embodiments, the central memory CAR+ T cells comprise at least 

8% of the total amount of CAR+ T cells after the dose is administered.  

[0019] In various embodiments of the above methods, the method further comprises assaying 

for the ratio of effector memory CAR+ T cells to the total amount of CAR+ T cells in the 

subject after the dose is administered.  

[0020] In various embodiments of the above methods, the central memory CAR+ CD8+ T 

cells comprise at least 30% of the total amount of CAR+ CD8+ T cells in the subject at Cmax 

after the dose is administered. In some embodiments, the central memory CAR+ CD8+ T cells 

comprise at least 50% of the total amount of CAR+ CD8+ T cells in the subject at Cmax after 

the dose is administered. In some embodiments, the central memory CAR+ CD8+ T cells 

comprise at least 70% of the total amount of CAR+ CD8+ T cells in the subject at Cmax after 

the dose is administered. In some embodiments, the central memory CAR+ CD8+ T cells 

comprise at least 80% of the total amount of CAR+ CD8+ T cells.  

[0021] In some embodiments, the method further comprises the step of assaying for the ratio 

of central memory CAR+ CD8+ T cells to the total amount of CAR+ CD8+ T cells in the 

subject at Cmax after the dose is administered.  

[0022] In some embodiments, the effector memory CAR+ CD8+ T cells comprise at least 

2% of the total amount of CAR+ CD8+ T cells. In some embodiments, the effector memory 

CAR+ CD8+ T cells comprise at least 5% of the total amount of CAR+ CD8+ T cells. Insome 

embodiments, the effector memory CAR+ CD8+ T cells comprise at least 8% of the total 

amount of CAR+ CD8+ T cells. In some embodiments, the effector memory CAR+ CD8+ T 

cells comprise at least 10% of the total amount of CAR+ CD8+ T cells.  
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[0023] In various embodiments of the above methods, the method further comprises the step 

of assaying for the ratio of effector memory CAR+ CD8+ T cells to the total amount of CAR+ 

CD8+ T cells in the subject at Cmax after the dose is administered.  

[0024] In various embodiments of the above methods, the central memory CAR+ CD4+ T 

cells comprise at least 5% of the total amount of CAR+ CD4+ T cells in the subject at Cmax 

after the dose is administered. In some embodiments, the central memory CAR+ CD4+ T cells 

comprise at least 8% of the total amount of CAR+ CD4+ T cells in the subject at Cmax after 

the dose is administered. In some embodiments, the central memory CAR+ CD4+ T cells 

comprise at least 10% of the total amount of CAR+ CD4+ T cells in the subject at Cmax after 

the dose is administered. In some embodiments, the central memory CAR+ CD4+ T cells 

comprise at least 15% of the total amount of CAR+ CD4+ T cells in the subject at Cmax after 

the dose is administered.  

[0025] In various embodiments of the above methods, the method further comprises the step 

of assaying for the ratio of central memory CAR+ CD4+ T cells to total amount of CAR+ 

CD4+ T cells in the subject at Cmax after the dose is administered.  

[0026] In various embodiments of the above methods, the method further comprises the step 

of assaying for the ratio of effector memory CAR+ CD4+ T cells to total amount of CAR+ 

CD4+ T cells in the subject at Cmax after the dose is administered, wherein the effector 

memory CAR+ CD4+ T cells comprise at least 70% of the total amount of CAR+ CD4+ T 

cells. In some embodiments, the effector memory CAR+ CD4+ T cells comprise at least 75% 

of the total amount of CAR+ CD4+ T cells. In some embodiments, the effector memory CAR+ 

CD4+ T cells comprise at least 80% of the total amount of CAR+ CD4+ T cells. In some 

embodiments, the effector memory CAR+ CD4+ T cells comprise at least 90% of the total 

amount of CAR+ CD4+ T cells. In certain embodiments, the effector memory CAR+ CD4+ T 

cells comprise 70-80%, 70-85%, 71-86%, 72-87%, 73-88%, 74-89%, 75-90%, 76-91%, 77

92%, 78-93%, 80-90%, 82-92%, 84-94%, 86-96%, 88-98%, or 90-100% of the total amount 

of CAR+ CD8+ T cells.  

[0027] In various embodiments of the above methods, the method further comprises the step 

of assaying for the ratio of effector memory CAR+ CD4+ T cells to the total amount of CAR+ 

CD4+ T cells in the subject at Cmax after the dose is administered.  

[0028] In some embodiments, the first BCMA binding moiety and/or the second BCMA 

binding moiety is an anti-BCMA sdAb. In some embodiments, the first BCMA binding moiety 
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is a first anti-BCMA sdAb and the second BCMA binding moiety is a second anti-BCMA 

sdAb. In certain embodiments, the first BCMA binding moiety comprises the amino acid 

sequence of 

QVKLEESGGGLVQAGRSLRLSCAASEHTFSSHVMGWFRQAPGKERESVAVIGWRDI 

STSYADSVKGRFTISRDNAKKTLYLQMNSLKPEDTAVYYCAARRIDAADFDSWGQG 

TQVTVSS (SEQ ID NO: 1). In certain embodiments, the first BCMA binding moiety 

comprises a polypeptide encoded by the nucleic acid sequence of 

CAGGTCAAACTGGAAGAATCTGGCGGAGGCCTGGTGCAGGCAGGACGGAGCCTG 

CGCCTGAGCTGCGCAGCATCCGAGCACACCTTCAGCTCCCACGTGATGGGCTGGT 

TTCGGCAGGCCCCAGGCAAGGAGAGAGAGAGCGTGGCCGTGATCGGCTGGAGG 

GACATCTCCACATCTTACGCCGATTCCGTGAAGGGCCGGTTCACCATCAGCCGGG 

ACAACGCCAAGAAGACACTGTATCTGCAGATGAACAGCCTGAAGCCCGAGGACA 

CCGCCGTGTACTATTGCGCAGCAAGGAGAATCGACGCAGCAGACTTTGATTCCTG 

GGGCCAGGGCACCCAGGTGACAGTGTCTAGC (SEQ ID NO: 2).  

[0029] In certain embodiments, the second BCMA binding moiety comprises the amino acid 

sequence of 

EVQLVESGGGLVQAGGSLRLSCAASGRTFTMGWFRQAPGKEREFVAAISLSPTLAY 

YAESVKGRFTISRDNAKNTVVLQMNSLKPEDTALYYCAADRKSVMSIRPDYWGQG 

TQVTVSS (SEQ ID NO: 3). In certain embodiments, the second BCMA binding moiety 

comprises a polypeptide encoded by the nucleic acid sequence of 

GAGGTGCAGCTGGTGGAGAGCGGAGGCGGCCTGGTGCAGGCCGGAGGCTCTCTG 

AGGCTGAGCTGTGCAGCATCCGGAAGAACCTTCACAATGGGCTGGTTTAGGCAG 

GCACCAGGAAAGGAGAGGGAGTTCGTGGCAGCAATCAGCCTGTCCCCTACCCTG 

GCCTACTATGCCGAGAGCGTGAAGGGCAGGTTTACCATCTCCCGCGATAACGCC 

AAGAATACAGTGGTGCTGCAGATGAACTCCCTGAAACCTGAGGACACAGCCCTG 

TACTATTGTGCCGCCGATCGGAAGAGCGTGATGAGCATTAGACCAGACTATTGG 

GGGCAGGGAACACAGGTGACCGTGAGCAGC (SEQ ID NO: 4).  

[0030] In some embodiments, the first BCMA binding moiety and the second BCMA 

binding moiety are connected to each other via a peptide linker. In certain embodiments, the 

peptide linker comprises the amino acid sequence of GGGGS (SEQID NO: 5).  

[0031] In some embodiments, the CAR polypeptide further comprises a signal peptide 

located at the N-terminus of the polypeptide. In some embodiments, the signal peptide is 

derived from CD8u. In certain embodiments, the signal peptide comprises the amino acid 
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sequence of MALPVTALLLPLALLLHAARP (SEQ ID NO: 6). In certain embodiments, 

signal peptide comprises a polypeptide encoded by the nucleic acid sequence of 

ATGGCTCTGCCCGTCACCGCTCTGCTGCTGCCTCTGGCTCTGCTGCTGCACGCTGC 

TCGCCCT (SEQ ID NO: 7).  

[0032] In certain embodiments, the transmembrane domain comprises the amino acid 

sequence of IYIWAPLAGTCGVLLLSLVITLYC (SEQ ID NO: 8).  

[0033] In certain embodiments, wherein the transmembrane domain comprises a polypeptide 

encoded by the nucleic acid sequence of 

ATCTACATCTGGGCGCCCTTGGCCGGGACTTGTGGGGTCCTTCTCCTGTCACTGG 

TTATCACCCTTTACTGC (SEQ ID NO: 9).  

[0034] In some embodiments, the intracellular signaling domain comprises a primary 

intracellular signaling domain of an immune effector cell. In some embodiments, wherein the 

intracellular signaling domain is derived from CD3(. In some embodiments, the intracellular 

signaling domain comprises one or more co-stimulatory signaling domains. In certain 

embodiments, the intracellular signaling domain comprises the amino acid sequence of 

RVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ 

EGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQAL 

PPR (SEQ ID NO: 10).  

[0035] In certain embodiments, the intracellular signaling domain comprises a polypeptide 

encoded by the nucleic acid sequence of 

AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTACCAGCAGGGCCAGAA 

CCAGCTCTATAACGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGTTTTGGA 

CAAGAGACGTGGCCGGGACCCTGAGATGGGGGGAAAGCCGAGAAGGAAGAACC 

CTCAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAGATGGCGGAGGCCTACA 

GTGAGATTGGGATGAAAGGCGAGCGCCGGAGGGGCAAGGGGCACGATGGCCTT 

TACCAGGGTCTCAGTACAGCCACCAAGGACACCTACGACGCCCTTCACATGCAG 

GCCCTGCCCCCTCGCTAA (SEQ ID NO: 11). In certain embodiments, the intracellular 

signaling domain comprises the amino acid sequence of 

KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL (SEQ ID NO: 12). In 

certain embodiments, the intracellular signaling domain comprises a polypeptide encoded by 

the nucleic acid sequence of 

AAACGGGGCAGAAAGAAACTCCTGTATATATTCAAACAACCATTTATGAGACCA 
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GTACAAACTACTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAA 

GAAGGAGGATGTGAACTG (SEQ ID NO: 13).  

[0036] In some embodiments, wherein the CAR polypeptide further comprises a hinge 

domain located between the C-terminus of the extracellular antigen binding domain and the N

terminus of the transmembrane domain. In certain embodiments, the hinge domain comprises 

the amino acid sequence of 

TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD (SEQ ID NO: 15). In 

certain embodiments, the hinge domain comprises a polypeptide encoded by the nucleic acid 

sequence of 

ACCACGACGCCAGCGCCGCGACCACCAACACCGGCGCCCACCATCGCGTCGCAG 

CCCCTGTCCCTGCGCCCAGAGGCGTGCCGGCCAGCGGCGGGGGGCGCAGTGCAC 

ACGAGGGGGCTGGACTTCGCCTGTGAT (SEQ ID NO: 14).  

[0037] In various embodiments, the T cells are autologous T cells. In some embodiments, 

the T cells are allogeneic T cells. In some embodiments, the subject is human.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] Figure 1 shows the expression of BCMA antigen on the surface of germinal center 

(GC), memory and plasmablast cells in the lymph node, long-lived plasma cells in the bone 

marrow LN and MALT, and on multiple myeloma cells. BAFF-R antigen is not expressed on 

plasmablast cells, long-lived plasma cells, or multiple myeloma cells. TACI is expressed on 

memory and plasmablast cells, long-lived plasma cells, and multiple myeloma cells. CD138 

is expressed only on long-lived plasma cells and multiple myeloma cells.  

[0039] Figure 2A shows the design of the LCAR-B38M CAR. LCAR-B38M comprises two 

VHH domains connected through a linker, as opposed to a single VL domain and a single VH 

domain found on various other CARs. LCAR-B38M comprises intracellular CD137 and 

human CD3( domains. Figure 2B shows a schematic for preparing virus encoding LCAR

B38M CAR, transduction of the virus into a T cell from the patient, and then preparation of 

CAR T cells expressing LCAR-B38M.  

[0040] Figure 3 shows a schematic of the MMY2001 study design for LCAR-B38M CAR 

T-cells (LCAR-B38M). The patient population includes those with relapsed or Refractory 

Multiple Myeloma, with 3 prior lines or double refractory to proteasome inhibitors (PI)/ 

immunomodulatory drugs (IMiD) and prior PI, IMiD, uCD38 exposure. A primary objective 
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is safety and establishment of recommended phase II dose (RP2D), such as studying incidence 

and severity of adverse events (Phase 1b). Another primary objective is efficacy: overall 

response rate (ORR) - partial response (PR) or better as defined by International Myeloma 

Working Group (IMWG) (Phase 2). The following are secondary objectives: Incidence and 

severity of adverse events (Phase 2), assessment of immunogenicity, PRO post-treatment and 

health-related quality of life (HRQoL) assessment, characterization of pharmacokinetics (PK) 

and pharmacodynamics (PD), and any further efficacy characterization.  

[0041] Figure 4 summarizes the clinical response in the MMY2001 study described in 

Figure 3. The results from individual patients in the study are shown in the chart, with 

treatment intervals and events shown.  

[0042] Figure 5A and 5B summarizes the preliminary minimal residual disease (MRD) 

status of the study patients at each of days 28, 56, 184 and 365. The bolded entries are negative 

MRD status, the boxed entries are positive MRD status, and "indet." indicates indeterminate 

MRD status. NGS refers to ClonoSeq next-generation sequencing, and F refers to flow 

cytometry analysis.  

[0043] Figure 6 summarizes translational research for CAR-T cell therapy in the study 

MMY2001.  

[0044] Figure 7 summarizes the various biomarker assessments performed in the MMY2001 

study.  

[0045] Figure 8A is a graph showing, for each patient in the MMY2001 study, the results of 

a qPCR assay for the number of transgene copies per microgram gDNA. The Cmax and time 

of peak of expansion (Tmax) can be ascertained from the graph. The Cmax is highly variable 

among patients, while the Tmax is consistent among patients. The empty dots indicate that the 

number of CAR+ T cells in 11 of the 16 patients with at least eight weeks followup are less 

than the lower limit of quantitation (LLOQ) (5 cells/pl; range 2-7).  

[0046] Figure 8B is a graph showing, for each patient in the MMY2001 study, the results of 

a flow cytometry assay for the percentage of CD3 CAR+ T cells in total T cells. The Cmax 

and time of peak of expansion (Tmax) can be ascertained from the graph. The Cmax is highly 

variable among patients, while the Tmax is consistent among patients. The empty dots indicate 

that the number of CAR+ T cells in 11 of the 16 patients with at least eight weeks followup are 

less than LLOQ (5 cells/pl; range 2-7).  
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[0047] Figure 8C is a graph showing, for each patient in the MMY2001 study, the results of 

a flow cytometry assay indicating the number of CAR+ CD3 T cells per microliter. The Cmax 

and time of peak of expansion (Tmax) can be ascertained from the graph. The Cmax is highly 

variable among patients, while the Tmax is consistent among patients. The empty dots indicate 

that the number of CAR+ T cells in 11 of the 16 patients with at least eight weeks followup are 

less than LLOQ (5 cells/pl; range 2-7).  

[0048] Figure 9A shows the results of an assay indicating that bb2121 CAR-T expansion 

and persistence are dose-dependent. 5.0 x 107 cells did not persist above LLOQ after 2 months.  

Greater persistence was seen with 1.50x108-8.00x108cells.  

[0049] Figure 9B shows the results of an assay of LCAR-B38M persistence at 5.25 x 107 

cells, which corresponds to 0.75 x 106 CAR-positive viable T cells/kg. The persistence is 

similar that seen with 5.0 x 107 cells in the bb2121 assay of Figure 9A.  

[0050] Figures 1OA and 1OB are graphs showing persistence versus an indication of CAR

T cell expansion. The X-axis of the graph of Figure 10A shows Cmax of assay of CAR+ T 

cell as percentage of T cells. The X-axis of the graph of Figure 10B shows the Cmax of assay 

of transgene copies per microgram of gDNA. The degree of CAR-T cell expansion does not 

predict persistence.  

[0051] Figure 11A is a graph plotting the Cmax (as determined by vector transgene copies 

per microgram of genomic DNA) of responders and non-responders to bb2121 CAR-T therapy.  

A relationship between Cmax and response for bb2121 can be seen.  

[0052] Figure 11B illustrates graphs plotting the Cmax (as determined by both qPCR and 

flow cytometry assays) of various classes of responders to LCAR-B38M CAR-T therapy (SD, 

PR, VGPR, CR and sCR). Unlike bb2121, there is no correlation between clinical response 

and either of Cmax or persistence.  

[0053] Figure I1C is a graph plotting the double positive (DP) CD4/CD8 ratio versus copies/ 

microgram DNA. Figure lID is a graph plotting percentage CD3 at Cmax versus the DP 

CD4/CD8 ratio. The DP CD4/CD8 ratio is not correlated with expansion.  

[0054] Figure 12 shows graphs plotting the percentage CD3 at Cmax versus the tumor 

burden. The results show that tumor burden does not correlate with LCAR-B38M expansion 

(Cmax).  
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[0055] Figure 13A shows graphs plotting the concentration of CD3 cells per microliter at 

Cmax versus the tumor burden. The results show that tumor burden does not correlate with 

LCAR-B38M expansion (Cmax).  

[0056] Figure 13B shows graphs plotting the copies of transgene per microgram of gDNA 

at Cmax versus the tumor burden. The results show that tumor burden does not correlate with 

LCAR-B38M expansion as indicated by Cmax.  

[0057] Figure 14A is a graph showing the CD4:CD8 ratio at peak CAR T-cell expansion 

(Y-axis) versus CD4:CD8 ratio in the bb2121 final cell product (X-axis). The final bb2121 

CAR+ T-cell product was composed of a variable proportion of CAR+ CD4 and CD8 T cells, 

with a median of 85% (range, 42 to 98) CAR+ CD4+ T cells and 13% (range, 2 to 47) CAR+ 

CD8+ T cells. The CD4:CD8 ratio in the DP cells is 6.54. A correlation was observed between 

the CAR+ CD4:CD8 T-cell ratio in the final product and that observed at peak expansion.  

[0058] Figure 14B is a graph showing the CD4:CD8 ratio at peak CAR T-cell expansion (Y

axis) versus CD4:CD8 ratio in the DP CART+ product (X-axis). The median CD4:CD8 ratio 

in the DP cells is 1.54. The median CD4:CD8 ratio in the cells at Cmax is 0.35.  

[0059] Figure 15 is a graph showing the CD4:CD8 ratio for LCAR-B38M, in various 

patients in the MMY2001 study on certain days before and after infusion (day zero). In most 

patients, the CD4:CD8 ratio was below 1 at peak expansion.  

[0060] Figures 16A-16C show that LCAR-B38M is enriched in CD8 CAR+ T cells at the 

peak of expansion in bone marrow. Figure 16A is a graph showing in peripheral blood the 

CD4/CD8 ratio at CART Cmax versus CD4/CD8 ratio in DP CART+. Figure 16B is a graph 

showing in bone marrow the CD4/CD8 ratio at CART Cmax versus CD4/CD8 ratio in DP 

CART+. Figure 16C is a graph showing a correlation between CD4/CD8 ratio in peripheral 

blood versus that in bone marrow at day 28 (peak expansion).  

[0061] Figure 17 shows the changes in phenotype in various T cell differentiation states: 

naive, stem memory (Tscm), central memory (Tcm), effector memory (Tem), effector (Teff) 

and effector memory RA (Temra). T cell activation and differentiation is correlated with 

increased reliance on glycolysis and increased mitochondrial membrane potential, both of 

which may mediate effector function of T cells in responding to cancer. The image is courtesy 

of Kiston, R.J. et al., Cell Metabolism, 2017, 26(1):94-109.  
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[0062] Figure 18 shows the phenotypic markers for each of the T cell subsets for LCAR

B38M CAR-T. The stem memory cells (Tscm) are CCR7+, CD45RO- and CD95+. The 

central memory cells (Tcm) are CCR7+ and CD45RO+.  

[0063] Figure 19 shows the results of phenotypic characterization of patients' cells (in 

MMY2001) study before infusion at Days -57 and -7, and post-infusion of the MMY2001 

CAR-T cells at days 14, 21, 28 and 56. The phenotypes of both the CAR-T+ and the CAR-T

cells were characterized at days 14, 21, 28 and 56. It is apparent that the CAR-T+ cells are 

substantially more enriched for central memory cells (Tcm) as compared to the CAR-T- cells.  

From day 21 to days 28 and 56, the CAR-T+ cells become more enriched for stem memory 

cells (Tscm) as compared with the Tcm cells.  

[0064] Figure 20A shows the results of phenotypic characterization of various patients' CD8 

T cells (CD27+) in MMY2001 study at Cmax. In most patients, most of the CAR+ CD8+ T 

cells are central memory cells at Cmax. Figure 20B shows the results of phenotypic 

characterization of various patients' CD4 T cells in MMY2001 study at Cmax. Most of the 

CAR+ CD4+ T cells are effector memory cells at Cmax. Figure 20C is a graph showing the 

percent of cells that are CD8+ CD450RO- CD27+ is predictive of clinical response. Patients 

with CR or PRTD had a higher percentage of CD8+ CD450RO- CD27+ cells than those who 

had PR or NR. Figure 20C is adapted from Fraietta et al., 2018 Nature Medicine 24, 563-71.  

Figure 20D illustrates graphs showing the correlation of percentage CD8 stem cell memory T 

cells (left panel) or naive T cells (right panel) in each patient grouped by clinical response.  

[0065] Figure 21A depicts graphs showing the percent of cells that are multiple myeloma 

cells versus total leukocytes over the study period. The CD38+ MM cells and the CD38dim 

MM cells are as indicated in the figure. Figure 21B depicts graphs showing the amount of 

MESF antigen, and percentage of antigen plus MM, detected in CD38+ and CD38 dim BCMA 

and GPRC5D leukocytes over the study period. The CD38+ BCMA cells, the CD38dim 

BCMA cells, the CD38+ GPRC5D cells, and the CD38dim GPRC5D cells are as indicated in 

the figure. Figure 21C depicts a graph showing the percentage of PD1+ CAR+ CD8+ T cells 

(as a percentage of CD8 CAR) and a graph showing Treg as a percentage of CD4 T cells, both 

in individual patients over the study period. The results provide insight into CAR-T exhaustion 

and regulatory mechanisms.  
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[0066] Figure 22 illustrates data showing that similar to bb2121, the expansion of LCAR

B38M (as measured by Cmax of transgene copies per microgram of genomic DNA) correlates 

with CRS grade.  

[0067] Figure 23 shows two graphs indicating the amount of each of two serum 

proinflammatory cytokines IL6 and IFN-y in individual subjects over the study period. The 

amount of IL-6 increased in most patients after infusion.  

[0068] Figure 24 shows two graphs indicating the amount of each of two serum 

proinflammatory cytokines IL-10 and TNF-u in individual subjects over the study period. The 

amount of both increased in most patients after infusion.  

[0069] Figure 25 shows two graphs indicating the amount of each of two serum 

proinflammatory cytokines IL-2 and IL-2Ru in individual subjects over the study period.  

[0070] Figure 26A is a graph showing that IL-6 serum cytokine levels correlate with CRS.  

Figure 26B is a graph showing that IL-6 serum cytokine levels do not correlate with clinical 

responses.  

[0071] Figure 27 illustrates data showing that IL-6 serum Cmax may correlate with peak 

LCAR-B38M. The left panel is a figure adapted from Fraietta et al., 2018 Nature Medicine 24, 

563-71.  

[0072] Figure 28 illustrates data showing that levels of baseline sBCMA do not correlate 

with the baseline bone marrow percentage of tumor cells.  

[0073] Figure 29 illustrates a treatment protocol with LCAR-B38M, and illustrates that 

LCAR-B38M is a "living drug" in the dynamic environment of each individual patient.  

[0074] Figure 30 illustrates LCAR-B38M is CAR-T cell therapy with two BCMA-targeting 

domains. See, D'Agostino Curr Hematol Malig Rep. 2017;12:344; O'Connor J Exp Med.  

2004;199:91; Friedman Hum Gene Ther. 2018;29:585. Sanchez Br J Haematol 2012;158:727.  

BCMA=B-cell maturation antigen; CD=cluster of differentiation; MM=multiple myeloma; 

NKG2D=natural killer group 2D; SLAMF7=signaling lymphocytic activation molecule family 

member 7; VHH=single variable domain on a heavy chain.  

[0075] Figure 31 illustrates overall response rate of LCAR-B38M treatment. a: PR or better; 

Independent Review Committee-assessed; b: No patient had stable disease or progressive 

disease as best response. CR=complete response; ORR=overall response rate; NGS=next 
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generation sequencing; PR=partial response; sCR=stringent complete response; VGPR=very 

good partial response.  

[0076] Figure 32 illustrates that LCAR-B38M drug product is enriched in effector memory 

T cells. Tcm=central memory T cell; Tem=effector memory T cell; Temra=terminally 

differentiated T cell; Tn=naive T cell.  

[0077] Figure 33 illustrates that LCAR-B38M exhibits variable expansion and persistence.  

Detectable persistence in peripheral blood. gDNA=genomic DNA; LOQ=lower limit of 

quantification.  

[0078] Figure 34 illustrates durable responses after loss of persistence of LCAR-B38M in 

blood.  

[0079] Figure 35 illustrates that expansion and persistence is not associated with best 

response. Tiast= last study day where CAR-T cells levels are above LOQ.  

[0080] Figure 36 illustrates preferential expansion of CAR+ CD8 T cells in blood and bone 

marrow. DP=drug product prior to infusion; WB=whole blood.  

[0081] Figure 37 illustrates that CAR-T memory phenotype may be associated with clinical 

activity. 1Blaeschke Cancer Immunol Immunother 2018;67:1053. Tscm=stem central memory 

T cell.  

[0082] Figure 38 illustrates that LCAR-B38M exhibits preferential expansion of CD8 

central memory T cells. Analysis is at peak of expansion.  

[0083] Figure 39 illustrates that responses are independent of the level of baseline BCMA 

expression. MESF=molecules of equivalent soluble fluorochrome.  

[0084] Figure 40 illustrates conclusions for LCAR-B38M from the study MMY2001.  

[0085] Figure 41 illustrates durable responses after loss of persistence of LCAR-B38M in 

blood.  

[0086] Figure 42 illustrates CAR+ CD4/CD8 ratio at T cells Cmax (Tmax).  

DETAILED DESCRIPTION 

[0087] A description of example embodiments follows.  

[0088] The disclosure also provides related nucleic acids, recombinant expression vectors, 

host cells, populations of cells, antibodies, or antigen binding portions thereof, and 
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pharmaceutical compositions relating to the immune cells and CAR-expressing T cells of the 

invention. Dosage regimens, dosage forms, and methods of characterizing the phenotype of 

the CAR-T cells is also provided.  

[0089] Several aspects of the invention are described below, with reference to examples for 

illustrative purposes only. It should be understood that numerous specific details, relationships, 

and methods are set forth to provide a full understanding of the invention. One having ordinary 

skill in the relevant art, however, will readily recognize that the invention can be practiced 

without one or more of the specific details or practiced with other methods, protocols, reagents, 

cell lines and animals. The present invention is not limited by the illustrated ordering of acts or 

events, as some acts may occur in different orders and/or concurrently with other acts or events.  

Furthermore, not all illustrated acts, steps or events are required to implement a methodology 

in accordance with the present invention. Many of the techniques and procedures described, or 

referenced herein, are well understood and commonly employed using conventional 

methodology by those skilled in the art.  

[0090] Unless otherwise defined, all terms of art, notations and other scientific terms or 

terminology used herein are intended to have the meanings commonly understood by those of 

skill in the art to which this invention pertains. In some cases, terms with commonly 

understood meanings are defined herein for clarity and/or for ready reference, and the 

inclusion of such definitions herein should not necessarily be construed to represent a 

substantial difference over what is generally understood in the art. It will be further understood 

that terms, such as those defined in commonly-used dictionaries, should be interpreted as 

having a meaning that is consistent with their meaning in the context of the relevant art and/or 

as otherwise defined herein.  

Definitions 

[0091] The term "about" or "approximately" includes being within a statistically meaningful 

range of a value. Such a range can be within an order of magnitude, preferably within 50%, 

more preferably within 20%, still more preferably within 10%, and even more preferably within 

5% of a given value or range. The allowable variation encompassed by the term "about" or 

"approximately" depends on the particular system under study, and can be readily appreciated 

by one of ordinary skill in the art.  
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[0092] The term "antibody" includes monoclonal antibodies (including full length 4-chain 

antibodies or full length heavy-chain only antibodies which have an immunoglobulin Fc 

region), antibody compositions with polyepitopic specificity, multispecific antibodies (e.g., 

bispecific antibodies, diabodies, and single-chain molecules), as well as antibody fragments 

(e.g., Fab, F(ab')2, and Fv). The term "immunoglobulin" (Ig) is used interchangeably with 

"antibody" herein. Antibodies contemplated herein include single-domain antibodies, such as 

heavy chain only antibodies.  

[0093] The term "heavy chain-only antibody" or "HCAb" refers to a functional antibody, 

which comprises heavy chains, but lacks the light chains usually found in 4-chain antibodies.  

Camelid animals (such as camels, llamas, or alpacas) are known to produce HCAbs.  

[0094] The term "single-domain antibody" or "sdAb" refers to a single antigen-binding 

polypeptide having three complementary determining regions (CDRs). The sdAb alone is 

capable of binding to the antigen without pairing with a corresponding CDR-containing 

polypeptide. In some cases, single-domain antibodies are engineered from camelid HCAbs, 

and their heavy chain variable domains are referred herein as "VHHs". Some VHHs may also 

be known as Nanobodies. Camelid sdAb is one of the smallest known antigen-binding 

antibody fragments (see, e.g., Hamers-Casterman et al., Nature 363:446-8 (1993); Greenberg 

et al., Nature 374:168-73 (1995); Hassanzadeh-Ghassabeh et al., Nanomedicine (Lond), 

8:1013-26 (2013)). A basic VHH has the following structure from the N-terminus to the C

terminus: FRI-CDR1-FR2-CDR2-FR3-CDR3-FR4, in which FRI to FR4 refer to framework 

regions 1 to 4, respectively, and in which CDR1 to CDR3 refer to the complementarity 

determining regions 1 to 3.  

[0095] The "variable region" or "variable domain" of an antibody refers to the amino

terminal domains of the heavy or light chain of the antibody. The variable domains of the heavy 

chain and light chain may be referred to as "VH" and "VL", respectively. These domains are 

generally the most variable parts of the antibody (relative to other antibodies of the same class) 

and contain the antigen binding sites. Heavy-chain only antibodies from the Camelid species 

have a single heavy chain variable region, which is referred to as "VHH". VHH is thus a special 

type of VH.  

[0096] The term "variable" refers to the fact that certain segments of the variable domains 

differ extensively in sequence among antibodies. The V domain mediates antigen binding and 

defines the specificity of a particular antibody for its particular antigen. However, the 
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variability is not evenly distributed across the entire span of the variable domains. Instead, it is 

concentrated in three segments called hypervariable regions (HVRs) both in the light-chain and 

the heavy chain variable domains. The more highly conserved portions of variable domains are 

called the framework regions (FR). The variable domains of native heavy and light chains each 

comprise four FR regions, largely adopting a beta-sheet configuration, connected by three 

HVRs, which form loops connecting, and in some cases forming part of, the beta-sheet 

structure. The HVRs in each chain are held together in close proximity by the FR regions and, 

with the HVRs from the other chain, contribute to the formation of the antigen binding site of 

antibodies (see Kabat et al., Sequences of Immunological Interest, Fifth Edition, National 

Institute of Health, Bethesda, Md. (1991)). The constant domains are not involved directly in 

the binding of antibody to an antigen, but exhibit various effector functions, such as 

participation of the antibody in antibody-dependent cellular toxicity.  

[0097] The terms "fragment of an antibody", "antibody fragment", "functional fragment of 

an antibody", and "antigen-binding portion" are used interchangeably herein to mean one or 

more fragments or portions of an antibody that retain the ability to specifically bind to an 

antigen (see, generally, Holliger et al., Nat. Biotech., 23(9): 1 126-1129 (2005)). The antigen 

recognition moiety of the CAR encoded by the inventive nucleic acid sequence can contain 

any BCMA-binding antibody fragment. The antibody fragment desirably comprises, for 

example, one or more CDRs, the variable region (or portions thereof), the constant region (or 

portions thereof), or combinations thereof Examples of antibody fragments include, but are 

not limited to, (i) a Fab fragment, which is a monovalent fragment consisting of the VL, VH, 

CL, and CHI domains; (ii) a F(ab')2 fragment, which is a bivalent fragment comprising two 

Fab fragments linked by a disulfide bridge at the hinge region; (iii) a Fv fragment consisting 

of the VL and VH domains of a single arm of an antibody; (iv) a single chain Fv (scFv), which 

is a monovalent molecule consisting of the two domains of the Fv fragment (i.e., VL and VH) 

joined by a synthetic linker which enables the two domains to be synthesized as a single 

polypeptide chain (see, e.g., Bird et al., Science, 242: 423-426 (1988); Huston et al., Proc. Natl.  

Acad. Sci. USA, 85: 5879-5883 (1988); and Osbourn et al., Nat. Biotechnol, 16: 778 (1998)) 

and (v) a diabody, which is a dimer of polypeptide chains, wherein each polypeptide chain 

comprises a VH connected to a VL by a peptide linker that is too short to allow pairing between 

the VH and VL on the same polypeptide chain, thereby driving the pairing between the 

complementary domains on different VH -VL polypeptide chains to generate a dimeric 

molecule having two functional antigen binding sites. Antibody fragments are known in the art 
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and are described in more detail in, e.g., U.S. Patent Application Publication 2009/0093024 

Al.  

[0098] The term "Cmax" is used herein to refer to the maximum concentration of the effector 

CAR-T cells in the blood after the drug has been administrated and prior to the administration 

of a second dose. Reference to "at Cmax" in a subject refers to the day on which the maximum 

concentration of the effector CAR-T cells in the blood is achieved in the subject.  

[0099] As used herein, the terms "specifically binds", "specifically recognizes", or "specific 

for" refer to measurable and reproducible interactions such as binding between a target and an 

antigen binding protein (such as a CAR or an sdAb), which is determinative of the presence of 

the target in the presence of a heterogeneous population of molecules including biological 

molecules.  

[00100] The term "specificity" refers to selective recognition of an antigen binding protein 

(such as a CAR or an sdAb) for a particular epitope of an antigen. Natural antibodies, for 

example, are monospecific. The term "multispecific" denotes that an antigen binding protein 

(such as a CAR or an sdAb) has two or more antigen-binding sites of which at least two bind 

different antigens. "Bispecific" as used herein denotes that an antigen binding protein (such as 

a CAR or an sdAb) has two different antigen-binding specificities.  

[00101] A chimeric antigen receptor (CAR) is an artificially constructed hybrid protein or 

polypeptide containing the antigen binding domains of an antibody (scFv) linked to T-cell 

signaling domains. Characteristics of CARs can include their ability to redirect T-cell 

specificity and reactivity toward a selected target in a non-MHC-restricted manner, exploiting 

the antigen-binding properties of monoclonal antibodies. The non-MHC-restricted antigen 

recognition gives T cells expressing CARs the ability to recognize antigens independent of 

antigen processing, thus bypassing a major mechanism of tumor evasion. Moreover, when 

expressed in T-cells, CARs advantageously do not dimerize with endogenous T cell receptor 

(TCR) alpha and beta chains. T cells expressing a CAR are referred to herein as CAR T cells, 

CAR-T cells or CAR modified T cells, and these terms are used interchangeably herein. The 

cell can be genetically modified to stably express an antibody binding domain on its surface, 

conferring novel antigen specificity that is MHC independent. "BCMA CAR" refers to a CAR 

having an extracellular binding domain specific for BCMA. "Bi-epitope CAR" refers to a CAR 

having an extracellular binding domain specific for two different epitopes an BCMA.  
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[00102] "LCAR-B38M" is a chimeric antigen receptor T cell (CAR-T) therapy containing two 

B-cell maturation antigen (BCMA)-targeting single-domain antibodies designed to confer 

avidity. LCAR-B38M can comprise T lymphocytes transduced with LCAR-B38M CAR, a 

CAR encoded by a lentiviral vector. The CAR targets the human B cell maturation antigen 

(anti-BCMA CAR). A diagram of the lentiviral vector encoding LCAR-B38M CAR is 

provided in Figure 2A.  

[00103] The terms "express" and "expression" mean allowing or causing the information in a 

gene or DNA sequence to become produced, for example producing a protein by activating the 

cellular functions involved in transcription and translation of a corresponding gene or DNA 

sequence. A DNA sequence is expressed in or by a cell to form an "expression product" such 

as a protein. The expression product itself, e.g., the resulting protein, may also be said to be 

"expressed" by the cell. An expression product can be characterized as intracellular, 

extracellular or transmembrane.  

[00104] The terms "treat" or "treatment" refer to therapeutic treatment wherein the object is 

to slow down (lessen) an undesired physiological change or disease, or provide a beneficial or 

desired clinical outcome during treatment. Beneficial or desired clinical outcomes include 

alleviation of symptoms, diminishment of extent of disease, stabilized (i.e., not worsening) 

state of disease, delay or slowing of disease progression, amelioration or palliation of the 

disease state, and/or remission (whether partial or total), whether detectable or undetectable.  

"Treatment" can also mean prolonging survival as compared to expected survival if a subject 

was not receiving treatment. Those in need of treatment include those subjects already with the 

undesired physiological change or disease as well as those subjects prone to have the 

physiological change or disease.  

[00105] As used herein, the term "subject" refers to an animal. The terms "subject" and 

"patient" may be used interchangeably herein in reference to a subject. As such, a "subject" 

includes a human that is being treated for a disease, or prevention of a disease, as a patient. The 

methods described herein may be used to treat an animal subject belonging to any classification.  

Examples of such animals include mammals. Mammals, include, but are not limited to, 

mammals of the order Rodentia, such as mice and hamsters, and mammals of the order 

Lagomorpha, such as rabbits. The mammals may be from the order Camivora, including felines 

(cats) and canines (dogs). The mammals may be from the order Artiodactyla, including bovines 

(cows) and swines (pigs) or of the order Perissodactyla, including equines (horses). The 
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mammals may be of the order Primates, Ceboids, or Simoids (monkeys) or of the order 

Anthropoids (humans and apes). In one embodiment, the mammal is a human.  

[00106] The term "effective" applied to dose or amount refers to that quantity of a compound 

or pharmaceutical composition that is sufficient to result in a desired activity upon 

administration to a subject in need thereof Note that when a combination of active ingredients 

is administered, the effective amount of the combination may or may not include amounts of 

each ingredient that would have been effective if administered individually. The exact amount 

required will vary from subject to subject, depending on the species, age, and general condition 

of the subject, the severity of the condition being treated, the particular drug or drugs employed, 

the mode of administration, and the like.  

[00107] The phrase "pharmaceutically acceptable", as used in connection with compositions 

described herein, refers to molecular entities and other ingredients of such compositions that 

are physiologically tolerable and do not typically produce untoward reactions when 

administered to a mammal (e.g., a human). Preferably, the term "pharmaceutically acceptable" 

means approved by a regulatory agency of the Federal or a state government or listed in the 

U.S. Pharmacopeia or other generally recognized pharmacopeia for use in mammals, and more 

particularly in humans.  

[00108] The terminology used herein is for the purpose of describing particular embodiments 

only and is not intended to be limiting. As used herein, the indefinite articles "a", "an" and "the" 

should be understood to include plural reference unless the context clearly indicates otherwise.  

[00109] Throughout this disclosure, various aspects of the disclosure can be presented in a 

range format. It should be understood that the description in range format is merely for 

convenience and brevity and should not be construed as an inflexible limitation on the scope 

of the disclosure. Accordingly, the description of a range should be considered to have 

specifically disclosed all the possible subranges as well as individual numerical values within 

that range. For example, description of a range such as from 1 to 6 should be considered to 

have specifically disclosed subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 

4, from 2 to 6, from 3 to 6 etc., as well as individual numbers within that range, for example, 

1, 2, 2.7, 3, 4, 5, 5.3, and 6. As another example, a range such as 95-99 % identity, includes 

something with 95 %, 96 %, 9700 98 % or 99 % identity, and includes subranges such as 96

99 %, 96-98 %, 96-97 %, 97-9900 97-98 % and 98-99 % identity. This applies regardless of 

the breadth of the range.  
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Vectors 

[00110] Polynucleotide sequences encoding the CARs described in the present application can 

be obtained using standard recombinant techniques. Desired polynucleotide sequences may be 

isolated and sequenced from antibody producing cells such as hybridoma cells. Alternatively, 

polynucleotides can be synthesized using nucleotide synthesizer or PCR techniques. A large 

number of promoters recognized by a variety of potential host cells are well known. The 

selected promoter can be operably linked to cistron DNA encoding the light or heavy chain by 

removing the promoter from the source DNA via restriction enzyme digestion and inserting 

the isolated promoter sequence into the vector of the present application.  

[00111] The disclosure also provides a vector comprising the nucleic acid sequence encoding 

the inventive CAR. The vector can be, for example, a plasmid, a cosmid, a viral vector (e.g., 

retroviral or adenoviral), or a phage. Suitable vectors and methods of vector preparation are 

well known in the art (see, e.g., Sambrook et al. (2001) Molecular Cloning: A Laboratory 

Manual. 3rd ed. Cold Spring Harbor Laboratory Press: Cold Spring Harbor, New York; 

Ausubel et al. eds. (2005) Current Protocols in Molecular Biology. John Wiley and Sons, Inc.: 

Hoboken, NJ).  

[00112] In addition to the inventive nucleic acid sequence encoding the CAR, the vector 

preferably comprises expression control sequences, such as promoters, enhancers, 

polyadenylation signals, transcription terminators, internal ribosome entry sites (IRES), and 

the like, that provide for the expression of the nucleic acid sequence in a host cell. Exemplary 

expression control sequences are known in the art and described in, for example, Goeddel, 

Gene Expression Technology: Methods in Enzymology, Vol. 185, Academic Press, San Diego, 

Calif (1990).  

[00113] A large number of promoters, including constitutive, inducible, and repressible 

promoters, from a variety of different sources are well known in the art. Representative sources 

of promoters include for example, virus, mammal, insect, plant, yeast, and bacteria, and 

suitable promoters from these sources are readily available, or can be made synthetically, based 

on sequences publicly available, for example, from depositories such as the ATCC as well as 

other commercial or individual sources. Promoters can be unidirectional (i.e., initiate 

transcription in one direction) or bi-directional (i.e., initiate transcription in either a 3' or 5' 

direction). Non-limiting examples of promoters include, for example, the T7 bacterial 

expression system, pBAD (araA) bacterial expression system, the cytomegalovirus (CMV) 
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promoter, the SV40 promoter, and the RSV promoter. Inducible promoters include, for 

example, the Tet system (U.S. Patents 5,464,758 and 5,814,618), the Ecdysone inducible 

system (No et al., Proc. Natl. Acad. Sci., 93: 3346-3351 (1996)), the T-REXTM system 

(Invitrogen, Carlsbad, CA), LACSWITCH TM System (Stratagene, San Diego, CA), and the 

Cre-ERT tamoxifen inducible recombinase system (Indra et al., Nuc. Acid. Res., 27: 4324

4327 (1999); Nuc. Acid. Res., 28: e99 (2000); U.S. Patent 7,112,715; and Kramer & 

Fussenegger, Methods Mol. Biol, 308: 123-144 (2005)).  

[00114] The term "enhancer" as used herein, refers to a DNA sequence that increases 

transcription of, for example, a nucleic acid sequence to which it is operably linked.  

[00115] Enhancers can be located many kilobases away from the coding region of the nucleic 

acid sequence and can mediate the binding of regulatory factors, patterns of DNA methylation, 

or changes in DNA structure. A large number of enhancers from a variety of different sources 

are well known in the art and are available as or within cloned polynucleotides (from, e.g., 

depositories such as the ATCC as well as other commercial or individual sources). A number 

of polynucleotides comprising promoters (such as the commonly-used CMV promoter) also 

comprise enhancer sequences. Enhancers can be located upstream, within, or downstream of 

coding sequences. The term "Ig enhancers" refers to enhancer elements derived from enhancer 

regions mapped within the immunoglobulin (Ig) locus (such enhancers include for example, 

the heavy chain (mu) 5' enhancers, light chain (kappa) 5' enhancers, kappa and mu intronic 

enhancers, and 3' enhancers (see generally Paul W.E. (ed), Fundamental Immunology, 3rd 

Edition, Raven Press, New York (1993), pages 353-363; and U.S. Patent 5,885,827).  

[00116] The vector also can comprise a "selectable marker gene." The term "selectable marker 

gene", as used herein, refers to a nucleic acid sequence that allows cells expressing the nucleic 

acid sequence to be specifically selected for or against, in the presence of a corresponding 

selective agent. Suitable selectable marker genes are known in the art and described in, e.g., 

International Patent Application Publications WO 1992/08796 and WO 1994/28143; Wigler et 

al., Proc. Natl. Acad. Sci. USA, 77: 3567 (1980); O'Hare et al., Proc. Natl. Acad. Sci. USA, 

78: 1527 (1981); Mulligan & Berg, Proc. Natl. Acad. Sci. USA, 78: 2072 (1981); Colberre

Garapin et al., J. Mol. Biol., 150: 1 (1981); Santerre et al., Gene, 30: 147 (1984); Kent et al., 

Science, 237: 901-903 (1987); Wigler et al., Cell, IP. 223 (1977); Szybalska & Szybalski, Proc.  

Natl. Acad. Sci. USA, 48: 2026 (1962); Lowy et al., Cell, 22: 817 (1980); and U.S. Patents 

5,122,464 and 5,770,359.  
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[00117] In some embodiments, the vector is an "episomal expression vector" or "episome", 

which is able to replicate in a host cell, and persists as an extrachromosomal segment of DNA 

within the host cell in the presence of appropriate selective pressure (see, e.g., Conese et al., 

Gene Therapy, 11: 1735-1742 (2004)). Representative commercially available episomal 

expression vectors include, but are not limited to, episomal plasmids that utilize Epstein Barr 

Nuclear Antigen 1 (EBNA1) and the Epstein Barr Virus (EBV) origin of replication (oriP). The 

vectors pREP4, pCEP4, pREP7, and pcDNA3.1 from Invitrogen (Carlsbad, CA) and pB-CMV 

from Stratagene (La Jolla, CA) represent non-limiting examples of an episomal vector that uses 

T-antigen and the SV40 origin of replication in lieu of EBNAl and oriP.  

[00118] Other suitable vectors include integrating expression vectors, which may randomly 

integrate into the host cell's DNA, or may include a recombination site to enable the specific 

recombination between the expression vector and the host cell's chromosome. Such integrating 

expression vectors may utilize the endogenous expression control sequences of the host cell's 

chromosomes to effect expression of the desired protein. Examples of vectors that integrate in 

a site specific manner include, for example, components of the flp-in system from Invitrogen 

(Carlsbad, CA) (e.g., pcDNAT 5/FRT), or the cre-lox system, such as can be found in the 

pExchange-6 Core Vectors from Stratagene (La Jolla, CA). Examples of vectors that randomly 

integrate into host cell chromosomes include, for example, pcDNA3.1 (when introduced in the 

absence of T-antigen) from Invitrogen (Carlsbad, CA), and pCI or pFNI OA (ACT) FLEXI TM 

from Promega (Madison, WI).  

[00119] Viral vectors also can be used. Representative viral expression vectors include, but 

are not limited to, the adenovirus-based vectors (e.g., the adenovirus-based Per.C6 system 

available from Crucell, Inc. (Leiden, The Netherlands)), lentivirus-based vectors (e.g., the 

lentiviral-based pLPl from Life Technologies (Carlsbad, CA)), and retroviral vectors (e.g., the 

pFB-ERV plus pCFB-EGSH from Stratagene (La Jolla, CA)). In a preferred embodiment, the 

viral vector is a lentivirus vector.  

[00120] The vector comprising the inventive nucleic acid encoding the CAR can be introduced 

into a host cell that is capable of expressing the CAR encoded thereby, including any suitable 

prokaryotic or eukaryotic cell. Preferred host cells are those that can be easily and reliably 

grown, have reasonably fast growth rates, have well characterized expression systems, and can 

be transformed or transfected easily and efficiently.  
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[00121] As used herein, the term "host cell" refers to any type of cell that can contain the 

expression vector. The host cell can be a eukaryotic cell, e.g., plant, animal, fungi, or algae, or 

can be a prokaryotic cell, e.g., bacteria or protozoa. The host cell can be a cultured cell or a 

primary cell, i.e., isolated directly from an organism, e.g., a human. The host cell can be an 

adherent cell or a suspended cell, i.e., a cell that grows in suspension. Suitable host cells are 

known in the art and include, for instance, DH5a E. coli cells, Chinese hamster ovarian cells, 

monkey VERO cells, COS cells, HE 293 cells, and the like. For purposes of amplifying or 

replicating the recombinant expression vector, the host cell may be a prokaryotic cell, e.g., a 

DH5a cell. For purposes of producing a recombinant CAR, the host cell can be a mammalian 

cell. The host cell preferably is a human cell. The host cell can be of any cell type, can originate 

from any type of tissue, and can be of any developmental stage. In one embodiment, the host 

cell can be aperipheral blood lymphocyte (PBL), aperipheral blood mononuclear cell (PBMC), 

or a natural killer (NK). Preferably, the host cell is a natural killer (NK) cell. More preferably, 

the host cell is a T-cell. Methods for selecting suitable mammalian host cells and methods for 

transformation, culture, amplification, screening, and purification of cells are known in the art.  

[00122] The disclosure provides an isolated host cell which expresses the inventive nucleic 

acid sequence encoding the CAR described herein. In one embodiment, the host cell is a T

cell. The T-cell of the invention can be any T-cell, such as a cultured T-cell, e.g., a primary T

cell, or a T-cell from a cultured T-cell line, or a T-cell obtained from a mammal. If obtained 

from a mammal, the T-cell can be obtained from numerous sources, including but not limited 

to blood, bone marrow, lymph node, the thymus, or other tissues or fluids. T-cells can also be 

enriched for or purified. The T-cell preferably is a human T-cell (e.g., isolated from a human).  

The T-cell can be of any developmental stage, including but not limited to, a CD4+/CD8+ 

double positive T-cell, a CD4+ helper T-cell, e.g., Th, and Th2 cells, a CD8+ T- cell (e.g., a 

cytotoxic T-cell), a tumor infiltrating cell, a memory T-cell, a naive T-cell, and the like. In one 

embodiment, the T-cell is a CD8+ T-cell or a CD4+ T-cell. T-cell lines are available from, e.g., 

the American Type Culture Collection (ATCC, Manassas, VA), and the German Collection of 

Microorganisms and Cell Cultures (DSMZ) and include, for example, Jurkat cells (ATCC TIB

152), Sup-Tl cells (ATCC CRL-1942), RPMI 8402 cells (DSMZ ACC-290), Karpas 45 cells 

(DSMZ ACC-545), and derivatives thereof In another embodiment, the host cell is a natural 

killer (NK) cell. NK cells are a type of cytotoxic lymphocyte that plays a role in the innate 

immune system. NK cells are defined as large granular lymphocytes and constitute the third 

kind of cells differentiated from the common lymphoid progenitor which also gives rise to B 
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and T lymphocytes (see, e.g., Immunobiology, 5th ed., Janeway et al., eds., Garland Publishing, 

New York, NY (2001)). NK cells differentiate and mature in the bone marrow, lymph node, 

spleen, tonsils, and thymus. Following maturation, NK cells enter into the circulation as large 

lymphocytes with distinctive cytotoxic granules. NK cells are able to recognize and kill some 

abnormal cells, such as, for example, some tumor cells and virus-infected cells, and are thought 

to be important in the innate immune defense against intracellular pathogens. As described 

above with respect to T-cells, the NK cell can be any NK cell, such as a cultured NK cell, e.g., 

a primary NK cell, or an NK cell from a cultured NK cell line, or an NK cell obtained from a 

mammal. If obtained from a mammal, the NK cell can be obtained from numerous sources, 

including but not limited to blood, bone marrow, lymph node, the thymus, or other tissues or 

fluids. NK cells can also be enriched for or purified. The NK cell preferably is a human NK 

cell (e.g., isolated from a human). NK cell lines are available from, e.g., the American Type 

Culture Collection (ATCC, Manassas, VA) and include, for example, NK-92 cells (ATCC 

CRL-2407), NK92MI cells (ATCC CRL-2408), and derivatives thereof 

[00123] The inventive nucleic acid sequence encoding a CAR may be introduced into a cell 

by "transfection", "transformation", or "transduction". "Transfection", "transformation", or 

transduction", as used herein, refer to the introduction of one or more exogenous 

polynucleotides into a host cell by using physical or chemical methods. Many transfection 

techniques are known in the art and include, for example, calcium phosphate DNA co

precipitation (see, e.g., Murray E.J. (ed.), Methods in Molecular Biology, Vol. 7, Gene Transfer 

and Expression Protocols, Humana Press (1991)); DEAE-dextran; electroporation; cationic 

liposome-mediated transfection; tungsten particle-facilitated microparticle bombardment 

(Johnston, Nature, 346: 776-777 (1990)); and strontium phosphate DNA co- precipitation 

(Brash et al., Mol. Cell Biol., 7: 2031-2034 (1987)). Phage or viral vectors can be introduced 

into host cells, after growth of infectious particles in suitable packaging cells, many of which 

are commercially available.  

Chimeric Antigen Receptors 

[00124] International Patent Publication No. WO 2018/028647 is incorporated by reference 

herein in its entirety. US Patent Publication No. 2018/0230225 is incorporated by reference 

herein in its entirety.  

[00125] The disclosure provides for methods of treating a subject with cells expressing a 

chimeric antigen receptor (CAR). The CAR comprises an extracellular antigen binding domain 

27



WO 2021/091945 PCT/US2020/058788 

comprising one or more single-domain antibodies (such as VHHs). In various embodiments, 

there is provided a CAR targeting BCMA (also referred herein as "BCMA CAR") comprising 

a polypeptide comprising: (a) an extracellular antigen binding domain comprising an anti

BCMA sdAb; (b) a transmembrane domain; and (c) an intracellular signaling domain. In some 

embodiments, the anti-BCMA sdAb is camelid, chimeric, human, or humanized. In some 

embodiments, the intracellular signaling domain comprises a primary intracellular signaling 

domain of an immune effector cell (such as T cell). In some embodiments, the primary 

intracellular signaling domain is derived from CD4. In some embodiments, the intracellular 

signaling domain comprises a co-stimulatory signaling domain. In some embodiments, the co

stimulatory signaling domain is derived from a co-stimulatory molecule selected from the 

group consisting of CD27, CD28, CD137, OX40, CD30, CD40, CD3, LFA-1, ICOS, CD2, 

CD7, LIGHT, NKG2C, B7-H3, ligands of CD83 and combinations thereof In certain 

embodiments, the transmembrane domain is derived from CD137.  

[00126] In some embodiments, the BCMA CAR further comprises a hinge domain (such as a 

CD8a hinge domain) located between the C-terminus of the extracellular antigen binding 

domain and the N-terminus of the transmembrane domain. In some embodiments, the BCMA 

CAR further comprises a signal peptide (such as a CD8c signal peptide) located at the N

terminus of the polypeptide. In some embodiments, the polypeptide comprises from the N

terminus to the C-terminus: a CD8a signal peptide, the extracellular antigen-binding domain, 

a CD8a hinge domain, a CD28 transmembrane domain, a first co-stimulatory signaling domain 

derived from CD28, a second co-stimulatory signaling domain derived from CD137, and a 

primary intracellular signaling domain derived from CD4. In some embodiments, the 

polypeptide comprises from the N-terminus to the C-terminus: a CD8a signal peptide, the 

extracellular antigen-binding domain, a CD8a hinge domain, a CD8 transmembrane domain, 

a second co-stimulatory signaling domain derived from CD137, and a primary intracellular 

signaling domain derived from CD3(. In some embodiments, the BCMA CAR is 

monospecific. In some embodiments, the BCMA CAR is monovalent.  

[00127] The present application also provides CARs that have two or more (including, but not 

limited to, any one of 2, 3, 4, 5, 6, or more) binding moieties that specifically bind to an antigen, 

such as BCMA. In some embodiments, one or more of the binding moieties are antigen binding 

fragments. In some embodiments, one or more of the binding moieties comprise single-domain 

antibodies.  
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[00128] In some embodiments, the CAR is a multivalent (such as bivalent, trivalent, or of 

higher number of valencies) CAR comprising a polypeptide comprising: (a) an extracellular 

antigen binding domain comprising a plurality (such as at least about any one of 2, 3, 4, 5, 6, 

or more) of binding moieties specifically binding to an antigen (such as a tumor antigen); (b) a 

transmembrane domain; and (c) an intracellular signaling domain.  

[00129] In some embodiments, the binding moieties, such as sdAbs (including the plurality of 

sdAbs, or the first sdAb and/or the second sdAb) are camelid, chimeric, human, or humanized.  

In some embodiments, the binding moieties or sdAbs are connected to each other via peptide 

bonds or peptide linkers. In some embodiments, each peptide linker is no more than about 50 

(such as no more than about any one of 35, 25, 20, 15, 10, or 5) amino acids long.  

[00130] In some embodiments, the CAR further comprises a hinge domain (such as a CD8U 

hinge domain) located between the C-terminus of the extracellular antigen binding domain and 

the N-terminus of the transmembrane domain. In some embodiments, the CAR further 

comprises a signal peptide (such as a CD8a signal peptide) located at the N-terminus of the 

polypeptide.  

[00131] Without wishing to be bound by theory, the CARs that are multivalent, or those CARs 

comprising an extracellular antigen binding domain comprising a first anti-BCMA binding 

moiety and a second BCMA binding moiety, may be specially suitable for targeting multimeric 

antigens via synergistic binding by the different antigen binding sites, or for enhancing binding 

affinity or avidity to the antigen. Improved avidity may allow for a substantial reduction in the 

dose of CAR-T cells needed to achieve a therapeutic effect, such as a dose ranging from 4.0 x 

105 to 1.0 x 106 CAR-T cells per kilogram of the mass of the subject, or 3.0 x 107 to 1.0 x 10 

CAR-T cells. Single valent CARs, such as bb2121, may need to be dosed at 5 to 10 times these 

amounts to achieve a comparable effect. In various embodiments, reduced dosage ranges may 

provide for substantial reduction in cytokine release syndrome (CRS) and other potentially 

dangerous side-effects of CAR-T therapy.  

[00132] The various binding moieties (e.g., an extracellular antigen binding domain 

comprising a first anti-BCMA binding moiety and a second BCMA binding moiety) in the 

CARs described herein may be connected to each other via peptide linkers. In some 

embodiments, the binding moieties (such as sdAbs) are directly connected to each other 

without any peptide linkers. The peptide linkers connecting different binding moieties (such as 
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sdAbs) may be the same or different. Different domains of the CARs may also be connected to 

each other via peptide linkers.  

[00133] The peptide linker in the CARs described herein 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, 75, 100 or more amino acids long. In some 

embodiments, the peptide linker is no more than about any of 100, 75, 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 1 amino acid to about 10 amino 

acids, about 1 amino acids to about 20 amino acids, about 1 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, about 50 amino acids to about 100 

amino acids, or about 1 amino acid to about 100 amino acids.  

[00134] The CARs of the present application comprise a transmembrane domain that can be 

directly or indirectly connected to the extracellular antigen binding domain.  

[00135] The CAR may comprise a T-cell activation moiety. The T-cell activation moiety can 

be any suitable moiety derived or obtained from any suitable molecule. In one embodiment, 

for example, the T-cell activation moiety comprises a transmembrane domain. The 

transmembrane domain can be any transmembrane domain derived or obtained from any 

molecule known in the art. For example, the transmembrane domain can be obtained or derived 

from a CD8u molecule or a CD28 molecule. CD8 is a transmembrane glycoprotein that serves 

as a co-receptor for the T- cell receptor (TCR), and is expressed primarily on the surface of 

cytotoxic T-cells. The most common form of CD8 exists as a dimer composed of a CD8u and 

CD8P chain. CD28 is expressed on T-cells and provides co-stimulatory signals required for T

cell activation. CD28 is the receptor for CD80 (B7.1) and CD86 (B7.2). In a preferred 

embodiment, the CD8u and CD28 are human.  

[00136] In addition to the transmembrane domain, the T-cell activation moiety further 

comprises an intracellular (i.e., cytoplasmic) T-cell signaling domain. The intercellular T- cell 

signaling domain can be obtained or derived from a CD28 molecule, a CD3 zeta () molecule 

or modified versions thereof, a human Fc receptor gamma (FcRy) chain, a CD27 molecule, an 

OX40 molecule, a 4-1BB molecule, or other intracellular signaling molecules known in the art.  

As discussed above, CD28 is a T-cell marker important in T-cell co-stimulation. CD3( 
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associates with TCRs to produce a signal and contains immunoreceptor tyrosine-based 

activation motifs (ITAMs). 4-1BB, also known as CD137, transmits a potent costimulatory 

signal to T-cells, promoting differentiation and enhancing long-term survival of T 

lymphocytes. In a preferred embodiment, the CD28, CD3(, 4- 1BB, OX40, and CD27 are 

human.  

[00137] The T-cell activation domain of the CAR encoded by the inventive nucleic acid 

sequence can comprise any one of aforementioned transmembrane domains and any one or 

more of the aforementioned intercellular T-cell signaling domains in any combination. For 

example, the inventive nucleic acid sequence can encode a CAR comprising a CD28 

transmembrane domain and intracellular T-cell signaling domains of CD28 and CD3(.  

Alternatively, for example, the inventive nucleic acid sequence can encode a CAR comprising 

a CD8u transmembrane domain and intracellular T-cell signaling domains of CD28, CD3(, the 

Fc receptor gamma (FcRy) chain, and/or 4-1BB.  

[00138] In some embodiments, the first BCMA binding moiety and/or the second BCMA 

binding moiety is an anti-BCMA sdAb. In some embodiments, the first BCMA binding moiety 

is a first anti-BCMA sdAb and the second BCMA binding moiety is a second anti-BCMA 

sdAb. In certain embodiments, the first BCMA binding moiety comprises the amino acid 

sequence of 

QVKLEESGGGLVQAGRSLRLSCAASEHTFSSHVMGWFRQAPGKERESVAVIGWRDI 

STSYADSVKGRFTISRDNAKKTLYLQMNSLKPEDTAVYYCAARRIDAADFDSWGQG 

TQVTVSS (SEQ ID NO: 1). In certain embodiments, the first BCMA binding moiety 

comprises a polypeptide encoded by the nucleic acid sequence of 

CAGGTCAAACTGGAAGAATCTGGCGGAGGCCTGGTGCAGGCAGGACGGAGCCTG 

CGCCTGAGCTGCGCAGCATCCGAGCACACCTTCAGCTCCCACGTGATGGGCTGGT 

TTCGGCAGGCCCCAGGCAAGGAGAGAGAGAGCGTGGCCGTGATCGGCTGGAGG 

GACATCTCCACATCTTACGCCGATTCCGTGAAGGGCCGGTTCACCATCAGCCGGG 

ACAACGCCAAGAAGACACTGTATCTGCAGATGAACAGCCTGAAGCCCGAGGACA 

CCGCCGTGTACTATTGCGCAGCAAGGAGAATCGACGCAGCAGACTTTGATTCCTG 

GGGCCAGGGCACCCAGGTGACAGTGTCTAGC (SEQ ID NO: 2).  

[00139] In certain embodiments, the second BCMA binding moiety comprises the amino acid 

sequence of 

EVQLVESGGGLVQAGGSLRLSCAASGRTFTMGWFRQAPGKEREFVAAISLSPTLAY 

YAESVKGRFTISRDNAKNTVVLQMNSLKPEDTALYYCAADRKSVMSIRPDYWGQG 
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TQVTVSS (SEQ ID NO: 3). In certain embodiments, the second BCMA binding moiety 

comprises a polypeptide encoded by the nucleic acid sequence of 

GAGGTGCAGCTGGTGGAGAGCGGAGGCGGCCTGGTGCAGGCCGGAGGCTCTCTG 

AGGCTGAGCTGTGCAGCATCCGGAAGAACCTTCACAATGGGCTGGTTTAGGCAG 

GCACCAGGAAAGGAGAGGGAGTTCGTGGCAGCAATCAGCCTGTCCCCTACCCTG 

GCCTACTATGCCGAGAGCGTGAAGGGCAGGTTTACCATCTCCCGCGATAACGCC 

AAGAATACAGTGGTGCTGCAGATGAACTCCCTGAAACCTGAGGACACAGCCCTG 

TACTATTGTGCCGCCGATCGGAAGAGCGTGATGAGCATTAGACCAGACTATTGG 

GGGCAGGGAACACAGGTGACCGTGAGCAGC (SEQ ID NO: 4).  

[00140] In some embodiments, the first BCMA binding moiety and the second BCMA 

binding moiety are connected to each other via a peptide linker. In certain embodiments, the 

peptide linker comprises the amino acid sequence of GGGGS (SEQ ID NO: 5).  

[00141] In some embodiments, the CAR polypeptide further comprises a signal peptide 

located at the N-terminus of the polypeptide. In some embodiments, the signal peptide is 

derived from CD8u. In certain embodiments, the signal peptide comprises the amino acid 

sequence of MALPVTALLLPLALLLHAARP (SEQ ID NO: 6). In certain embodiments, 

signal peptide comprises a polypeptide encoded by the nucleic acid sequence of 

ATGGCTCTGCCCGTCACCGCTCTGCTGCTGCCTCTGGCTCTGCTGCTGCACGCTGC 

TCGCCCT (SEQ ID NO: 7).  

[00142] In certain embodiments, the transmembrane domain comprises the amino acid 

sequence of IYIWAPLAGTCGVLLLSLVITLYC (SEQ ID NO: 8).  

[00143] In certain embodiments, wherein the transmembrane domain comprises apolypeptide 

encoded by the nucleic acid sequence of 

ATCTACATCTGGGCGCCCTTGGCCGGGACTTGTGGGGTCCTTCTCCTGTCACTGG 

TTATCACCCTTTACTGC (SEQ ID NO: 9).  

[00144] In some embodiments, the intracellular signaling domain comprises a primary 

intracellular signaling domain of an immune effector cell. In some embodiments, wherein the 

intracellular signaling domain is derived from CD3(. In some embodiments, the intracellular 

signaling domain comprises one or more co-stimulatory signaling domains. In certain 

embodiments, the intracellular signaling domain comprises the amino acid sequence of 

RVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ 
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EGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQAL 

PPR (SEQ ID NO: 10).  

[00145] In certain embodiments, the intracellular signaling domain comprises a polypeptide 

encoded by the nucleic acid sequence of 

AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTACCAGCAGGGCCAGAA 

CCAGCTCTATAACGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGTTTTGGA 

CAAGAGACGTGGCCGGGACCCTGAGATGGGGGGAAAGCCGAGAAGGAAGAACC 

CTCAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAGATGGCGGAGGCCTACA 

GTGAGATTGGGATGAAAGGCGAGCGCCGGAGGGGCAAGGGGCACGATGGCCTT 

TACCAGGGTCTCAGTACAGCCACCAAGGACACCTACGACGCCCTTCACATGCAG 

GCCCTGCCCCCTCGCTAA(SEQID NO: 11). In certain embodiments, the intracellular 

signaling domain comprises the amino acid sequence of 

KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL (SEQ ID NO: 12). In 

certain embodiments, the intracellular signaling domain comprises a polypeptide encoded by 

the nucleic acid sequence of 

AAACGGGGCAGAAAGAAACTCCTGTATATATTCAAACAACCATTTATGAGACCA 

GTACAAACTACTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAA 

GAAGGAGGATGTGAACTG (SEQ ID NO: 13).  

[00146] In some embodiments, wherein the CAR polypeptide further comprises a hinge 

domain located between the C-terminus of the extracellular antigen binding domain and the N

terminus of the transmembrane domain. In certain embodiments, the hinge domain comprises 

the amino acid sequence of 

TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD (SEQ ID NO: 15). In 

certain embodiments, the hinge domain comprises a polypeptide encoded by the nucleic acid 

sequence of 

ATGGCTCTGCCCGTCACCGCTCTGCTGCTGCCTCTGGCTCTGCTGCTGCACGCTGC 

TCGCCCT (SEQID NO: 7).  

[00147] In one embodiment, the CAR comprises one or more of, or all of, the elements listed 

in the Table 1: 

Table 1 

CAR element Amino Acid sequence 
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CD8u signal MALPVTALLLPLALLLHAARP (SEQID NO: 6) 
peptide, CD8u 
SP 
BCMA binding VHH1 (A37353) aa sequence 
domain QVKLEESGGGLVQAGRSLRLSCAASEHTFSSHVMGWFRQAPG 

KERESVAVIGWRDISTSYADSVKGRFTISRDNAKKTLYLQMNSL 
KPEDTAVYYCAARRIDAADFDSWGQGTQVTVSS 
(SEQ ID NO: 1) 
G4S linker aa sequence 
GGGGS (SEQID NO: 5) 
VHH2 (A37917) aa sequence 
EVQLVESGGGLVQAGGSLRLSCAASGRTFTMGWFRQAPGKERE 
FVAAISLSPTLAYYAESVKGRFTISRDNAKNTVVLQMNSLKPED 
TALYYCAADRKSVMSIRPDYWGQGTQVTVSS (SEQ ID NO: 3) 

CD8a hinge TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD 
(SEQ ID NO: 15) 

CD8u IYIWAPLAGTCGVLLLSLVITLYC (SEQ ID NO: 8) 
transmembrane 
CD137 KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL 
Cytoplasmic (SEQ ID NO: 12) 
CD3( RVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDP 
Cytoplasmic EMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKG 

HDGLYQGLSTATKDTYDALHMQALPPR (SEQID NO: 10) 

Immune effector cells compositions 

[00148] "Immune effector cells" are immune cells that can perform immune effector 

functions. In some embodiments, the immune effector cells express at least FeyRIII and 

perform ADCC effector function. Examples of immune effector cells which mediate ADCC 

include peripheral blood mononuclear cells (PBMC), natural killer (NK) cells, monocytes, 

cytotoxic T cells, neutrophils, and eosinophils. In some embodiments, the immune effector 

cells are T cells. In some embodiments, the T cells are CD4+/CD8-, CD4-/CD8+, CD4+/CD8+, 

CD4-/CD8-, or combinations thereof In some embodiments, the T cells produce IL-2, TFN, 

and/or TNF upon expressing the CAR and binding to the target cells, such as CD20+ or CD19+ 

tumor cells. In some embodiments, the CD8+ T cells lyse antigen-specific target cells upon 

expressing the CAR and binding to the target cells.  

[00149] Biological methods for introducing the vector into an immune effector 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. Chemical means for introducing the vector 

into an immune effector cell include colloidal dispersion systems, such as macromolecule 

complexes, nanocapsules, microspheres, beads, and lipid-based systems including oil-in-water 
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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).  

[00150] Provided herein are dosage forms comprising 3.0 x 107 to 1.0 x 108 CAR-T cells 

comprising a CAR comprising a polypeptide comprising: (a) an extracellular antigen binding 

domain comprising a first BCMA binding moiety specifically binding to a first epitope of 

BCMA, and a second BCMA binding moiety specifically binding to a second epitope of 

BCMA; (b) a transmembrane domain; and (c) an intracellular signaling domain, wherein the 

first epitope and the second epitope are different. In certain embodiments, the dosage form 

comprises 3.0 x 107 to 4.0 x 107 of the CAR-T cells. In certain embodiments, the dosage form 

comprises 3.5 x 107 to 4.5 x 107 of the CAR-T cells. In certain embodiments, the dosage form 

comprises 4.0 x 107 to 5.0 x 107 of the CAR-T cells. In certain embodiments, the dosage form 

comprises 4.5 x 107 to 5.5 x 107 of the CAR-T cells. In certain embodiments, the dosage form 

comprises 5.0 x 107 to 6.0 x 107 of the CAR-T cells. In certain embodiments, the dosage form 

comprises 5.5 x 107 to 6.5 x 107 of the CAR-T cells. In certain embodiments, the dosage form 

comprises 6.0 x 107 to 7.0 x 107 of the CAR-T cells. In certain embodiments, the dosage form 

comprises 6.5 x 107 to 7.5 x 107 of the CAR-T cells. In certain embodiments, the dosage form 

comprises 7.0 x 107 to 8.0 x 107 of the CAR-T cells. In certain embodiments, the dosage form 

comprises 7.5 x 107 to 8.5 x 107 of the CAR-T cells. In certain embodiments, the dosage form 

comprises 8.0 x 107 to 9.0 x 107 of the CAR-T cells. In certain embodiments, the dosage form 

comprises 8.5 x 107 to 9.5 x 107 of the CAR-T cells. In certain embodiments, the dosage form 

comprises 9.0 x 107 to 1.0 x 108 of the CAR-T cells. In some embodiments, the dosage form 

comprises 2 x 107 to 8 x 107 of the CAR-T cells. In some embodiments, the dosage form 

comprises about 1 X 107, about 2 x 107, about 3 x 107, about 4 x 107, about 5 x 107, about 6 x 

107, about 7 x 107, about 8 x 107, about 9 x 107 or about 1 x 108 of the CAR-T cells. In some 

embodiments, the dosage form comprises about 5.1 x 107, about 5.2 x 107, about 5.25 x 107, 

about 5.3 x 107, about 5.4 x 107, about 5.5 x 107, about 5.6 x 107, about 5.7 x 107, about 5.8 x 

107, or about 5.9 x 107 of the CAR-T cells. In one embodiment, the dosage form comprises 

about 5.25 x 107 of the CAR-T cells.  

[00151] In some embodiments, there is provided a dosage form comprising 3.0 x 106 to 1.0 x 

108 engineered immune effector cells (such as T-cells) comprising a CAR comprising a 

polypeptide comprising: (a) an extracellular antigen binding domain comprising a first anti

BCMA sdAb specifically binding to a first epitope of BCMA, and a second anti-BCMA sdAb 

specifically binding to a second epitope of BCMA; (b) a transmembrane domain; and (c) an 
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intracellular signaling domain, wherein the first epitope and the second epitope are different.  

In certain embodiments, the dosage form comprises 3.0 x 107 to 4.0 x 107 of the CAR-T cells.  

In certain embodiments, the dosage form comprises 3.5 x 107 to 4.5 x 107 of the CAR-T cells.  

In certain embodiments, the dosage form comprises 4.0 x 107 to 5.0 x 107 of the CAR-T cells.  

In certain embodiments, the dosage form comprises 4.5 x 107 to 5.5 x 107 of the CAR-T cells.  

In certain embodiments, the dosage form comprises 5.0 x 107 to 6.0 x 107 of the CAR-T cells.  

In certain embodiments, the dosage form comprises 5.5 x 107 to 6.5 x 107 of the CAR-T cells.  

In certain embodiments, the dosage form comprises 6.0 x 107 to 7.0 x 107 of the CAR-T cells.  

In certain embodiments, the dosage form comprises 6.5 x 107 to 7.5 x 107 of the CAR-T cells.  

In certain embodiments, the dosage form comprises 7.0 x 107 to 8.0 x 107 of the CAR-T cells.  

In certain embodiments, the dosage form comprises 7.5 x 107 to 8.5 x 107 of the CAR-T cells.  

In certain embodiments, the dosage form comprises 8.0 x 107 to 9.0 x 107 of the CAR-T cells.  

In certain embodiments, the dosage form comprises 8.5 x 107 to 9.5 x 107 of the CAR-T cells.  

In certain embodiments, the dosage form comprises 9.0 x 107 to 1.0 x 108 of the CAR-T cells.  

In some embodiments, the dosage form comprises 2 x 107 to 8 x 107 of the CAR-T cells. In 

some embodiments, the dosage form comprises about 1 X 107, about 2 x 107, about 3 x 107, 

about 4 x 107, about 5 x 107, about 6 x 107, about 7 x 107, about 8 x 107, about 9 x 107 or about 

1 x 108 of the CAR-T cells. In some embodiments, the dosage form comprises about 5.1 x 107, 

about 5.2 x 107, about 5.25 x 107, about 5.3 x 107, about 5.4 x 107, about 5.5 x 107, about 5.6 x 

107, about 5.7 x 107, about 5.8 x 107, or about 5.9 x 107 of the CAR-T cells. In one embodiment, 

the dosage form comprises about 5.25 x 107 of the CAR-T cells.  

Pharmaceutical compositions and formulations 

[00152] Further provided by the present application are pharmaceutical compositions 

comprising any one of the anti-BCMA single-domain antibodies, or any one of the engineered 

immune effector cells comprising any one of the CARs (such as BCMA CARs) as described 

herein, and a pharmaceutically acceptable carrier. Pharmaceutical compositions can be 

prepared by mixing any of the immune effector cells described herein, having the desired 

degree of purity, with optional pharmaceutically acceptable carriers, excipients or stabilizers 

(Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980)), in the form of 

lyophilized formulations or aqueous solutions.  

[00153] The compositions described herein may be administered as part of a pharmaceutical 

composition comprising one or more carriers. The choice of carrier will be determined in part 
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by the particular inventive nucleic acid sequence, vector, or host cells expressing the CAR, as 

well as by the particular method used to administer the inventive nucleic acid sequence, vector, 

or host cells expressing the CAR. Accordingly, there are a variety of suitable formulations of 

the pharmaceutical composition of the invention. For example, the pharmaceutical composition 

can contain preservatives. Suitable preservatives may include, for example, methylparaben, 

propylparaben, sodium benzoate, and benzalkonium chloride. A mixture of two or more 

preservatives optionally may be used. The preservative or mixtures thereof are typically present 

in an amount of about 0.0001% to about 2% by weight of the total composition.  

[00154] In addition, buffering agents may be used in the composition. Suitable buffering 

agents include, for example, citric acid, sodium citrate, phosphoric acid, potassium phosphate, 

and various other acids and salts. A mixture of two or more buffering agents optionally may be 

used. The buffering agent or mixtures thereof are typically present in an amount of about 0.001 

% to about 4% by weight of the total composition.  

[00155] The composition comprising the inventive nucleic acid sequence encoding the CAR, 

or host cells expressing the CAR, can be formulated as an inclusion complex, such as 

cyclodextrin inclusion complex, or as a liposome. Liposomes can serve to target the host cells 

(e.g., T-cells or NK cells) or the inventive nucleic acid sequence to a particular tissue.  

Liposomes also can be used to increase the half-life of the inventive nucleic acid sequence.  

Many methods are available for preparing liposomes, such as those described in, for example, 

Szoka et al., Ann. Rev. Biophys. Bioeng., 9: 467 (1980), and U.S. Patents 4,235,871; 

4,501,728; 4,837,028; and 5,019,369. The composition can employ time-released, delayed 

release, and sustained release delivery systems such that the delivery of the inventive 

composition occurs prior to, and with sufficient time to cause, sensitization of the site to be 

treated. Many types of release delivery systems are available and known to those of ordinary 

skill in the art. Such systems can avoid repeated administrations of the composition, thereby 

increasing convenience to the subject and the physician, and may be particularly suitable for 

certain composition embodiments of the invention.  

Methods of treatment 

[00156] The present application further relates to methods and compositions for use in cell 

immunotherapy. In some embodiments, the cell immunotherapy is for treating cancer, 

including but not limited to hematological malignancies and solid tumors. The methods are 
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suitable for treatment of adults and pediatric population, including all subsets of age, and can 

be used as any line of treatment, including first line or subsequent lines.  

[00157] Any of the anti-BCMA sdAbs, CARs, and engineered immune effector cells (such as 

CAR-T cells) described herein may be used in the method of treating cancer.  

[00158] In certain embodiments, the CAR-T cells are administered at a dose of about 4.0 x 

105 to 5.0 x 105 cells/kg, 4.5 x 105 to 5.5 x 105 cells/kg, 5.0 x 105 to 6.0 x 105 cells/kg, 5.5 x 105 

to 6.5 x 105 cells/kg, 6.0 x 105 to 7.0 x 105 cells/kg, 6.5 x 10 5 to 7.5 x 105 cells/kg, 7.0 x 105 to 

8.0 x 105 cells/kg, 7.5 x 105 to 8.5 x 105 cells/kg, 8.0 x 105 to 9.0 x 105 cells/kg, 8.5 x 105 to 9.5 

x 105 cells/kg, 9.0 x 105 to 1.0 x 106 cells/kg. In certain embodiments, the CAR-T cells are 

administered at a dose of about 7.1 x 105 cells/kg, about 7.2 x 105 cells/kg, about 7.3 x 105 

cells/kg, about 7.4 x 105 cells/kg, about 7.5 x 106 cells/kg, about 7.6 x 106 cells/kg, about 7.7 x 

106 cells/kg, about 7.8 x 106 cells/kg, or about 7.9 x 106 cells/kg. In one embodiment, the CAR

T cells are administered at a dose of about 7.5 x 106 cells/kg. In certain embodiments, the CAR

T cells are administered at a dose of about 3.0 to 4.0 x 107 cells. In certain embodiments, the 

CAR-T cells are administered at a dose of about 3.5 to 4.5 x 107 cells. In certain embodiments, 

the CAR-T cells are administered at a dose of about 4.0 to 5.0 x 107 cells. In certain 

embodiments, the CAR-T cells are administered at a dose of about 4.5 to 5.5 x 107 cells. In 

certain embodiments, the CAR-T cells are administered at a dose of about 5.0 to 6.0 x 107 cells.  

In certain embodiments, the CAR-T cells are administered at a dose of about 5.5 to 6.5 x 107 

cells. In certain embodiments, the CAR-T cells are administered at a dose of about 6.0 to 7.0 

x 107 cells. In certain embodiments, the CAR-T cells are administered at a dose of about 6.5 

to 7.5 x 107 cells. In certain embodiments, the CAR-T cells are administered at a dose of about 

7.0 to 8.0 x 107 cells. In certain embodiments, the CAR-T cells are administered at a dose of 

about 7.5 to 8.5 x 107 cells. In certain embodiments, the CAR-T cells are administered at a 

dose of about 8.0 to 9.0 x 107 cells. In certain embodiments, the CAR-T cells are administered 

at a dose of about 8.5 to 9.5 x 107 cells. In certain embodiments, the CAR-T cells are 

administered at a dose of about 9.0 to 10.0 x 107 cells. In some embodiments, the CAR-T cells 

are administered at a dose of about 5.1 x 107, about 5.2 x 107, about 5.25 x 107, about 5.3 x 107, 

about 5.4 x 107, about 5.5 x 107, about 5.6 x 107, about 5.7 x 107, about 5.8 x 107, or about 5.9 

X 107 cells. In one embodiment, the CAR-T cells are administered at a dose of about 5.25 x 107 

of cells.  

[00159] In certain embodiments, the CAR-T cells are administered at a dose resulting in about 

4.0 x 105 to 5.0 x 105 cells/kg, 4.5 x 105 to 5.5 x 105 cells/kg, 5.0 x 105 to 6.0 x 105 cells/kg, 5.5 
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x 105 to 6.5 x 105 cells/kg, 6.0 x 105 to 7.0 x 105 cells/kg, 6.5 x 105 to 7.5 x 105 cells/kg, 7.0 x 

105 to 8.0 x 105 cells/kg, 7.5 x 105 to 8.5 x 105 cells/kg, 8.0 x 105 to 9.0 x 105 cells/kg, 8.5 x 105 

to 9.5 x 105 cells/kg, 9.0 x 105 to 1.0 x 106 cells/kg in the subject. In certain embodiments, the 

CAR-T cells are administered at a dose resulting in about 7.1 x 105 cells/kg, about 7.2 x 105 

cells/kg, about 7.3 x 105 cells/kg, about 7.4 x 105 cells/kg, about 7.5 x 106 cells/kg, about 7.6 x 

106 cells/kg, about 7.7 x 106 cells/kg, about 7.8 x 106 cells/kg, or about 7.9 x 106 cells/kg in the 

subject. In one embodiment, the CAR-T cells are administered at a dose resulting in about 7.5 

x 106 cells/kg in the subject. In certain embodiments, the CAR-T cells are administered at a 

dose resulting in about 3.0 to 4.0 x 107 cells in the subject. In certain embodiments, the CAR

T cells are administered at a dose resulting in about 3.5 to 4.5 x 107 cells in the subject. In 

certain embodiments, the CAR-T cells are administered at a dose resulting in about 4.0 to 5.0 

x 107 cells in the subject. In certain embodiments, the CAR-T cells are administered at a dose 

resulting in about 4.5 to 5.5 x 107 cells in the subject. In certain embodiments, the CAR-T cells 

are administered at a dose resulting in about 5.0 to 6.0 x 107 cells in the subject. In certain 

embodiments, the CAR-T cells are administered at a dose resulting in about 5.5 to 6.5 x 107 

cells in the subject. In certain embodiments, the CAR-T cells are administered at a dose 

resulting in about 6.0 to 7.0 x 107 cells in the subject. In certain embodiments, the CAR-T cells 

are administered at a dose resulting in about 6.5 to 7.5 x 107 cells in the subject. In certain 

embodiments, the CAR-T cells are administered at a dose resulting in about 7.0 to 8.0 x 107 

cells in the subject. In certain embodiments, the CAR-T cells are administered at a dose 

resulting in about 7.5 to 8.5 x 107 cells in the subject. In certain embodiments, the CAR-T cells 

are administered at a dose resulting in about 8.0 to 9.0 x 107 cells in the subject. In certain 

embodiments, the CAR-T cells are administered at a dose resulting in about 8.5 to 9.5 x 107 

cells in the subject. In certain embodiments, the CAR-T cells are administered at a dose 

resulting in about 9.0 to 10.0 X 107 cells in the subject. In some embodiments, the CAR-T cells 

are administered at a dose resulting in about 5.1 x 107, about 5.2 x 107, about 5.25 x 107, about 

5.3 x 107, about 5.4 x 107, about 5.5 x 107, about 5.6 x 107, about 5.7 x 107, about 5.8 x 107, or 

about 5.9 x 107 cells in the subject. In one embodiment, the CAR-T cells are administered at a 

dose resulting in about 5.25 x 107 of cells in the subject.  

[00160] The methods described herein may be used for treating various cancers, including 

both solid cancer and liquid cancer. In certain embodiments, the methods are used to treat 

multiple myeloma. The methods described herein may be used as a first therapy, second 

therapy, third therapy, or combination therapy with other types of cancer therapies known in 
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the art, such as chemotherapy, surgery, radiation, gene therapy, immunotherapy, 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.  

[00161] In some embodiments, the cancer is multiple myeloma. In some embodiments, the 

cancer is stage I, stage II or stage III, and/or stage A or stage B multiple myeloma based on the 

Durie-Salmon staging system. In some embodiments, the cancer is stage I, stage II or stage III 

multiple myeloma based on the International staging system published by the International 

Myeloma Working Group (IMWG).  

[00162] The composition comprising the host cells expressing the inventive CAR- encoding 

nucleic acid sequence, or a vector comprising the inventive CAR-encoding nucleic acid 

sequence, can be administered to a mammal using standard administration techniques, 

including oral, intravenous, intraperitoneal, subcutaneous, pulmonary, transdermal, 

intramuscular, intranasal, buccal, sublingual, or suppository administration. The composition 

preferably is suitable for parenteral administration. The term "parenteral", as used herein, 

includes intravenous, intramuscular, subcutaneous, rectal, vaginal, and intraperitoneal 

administration. More preferably, the composition is administered to a mammal using peripheral 

systemic delivery by intravenous, intraperitoneal, or subcutaneous injection.  

[00163] The composition comprising the host cells expressing the inventive CAR- encoding 

nucleic acid sequence, or a vector comprising the inventive CAR-encoding nucleic acid 

sequence, can be administered with one or more additional therapeutic agents, which can be 

coadministered to the mammal. By "coadministering" is meant administering one or more 

additional therapeutic agents and the composition comprising the inventive host cells or the 

inventive vector sufficiently close in time such that the inventive CAR can enhance the effect 

of one or more additional therapeutic agents, or vice versa. In this regard, the composition 

comprising the inventive host cells or the inventive vector can be administered first, and the 

one or more additional therapeutic agents can be administered second, or vice versa.  

[00164] A CAR-expressing cell described herein and the at least one additional therapeutic 

agent can be administered simultaneously, in the same or in separate compositions, or 

sequentially. For sequential administration, the CAR-expressing cell described herein can be 

administered first, and the additional agent can be administered second, or the order of 

administration can be reversed.  
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[00165] Once the composition comprising host cells expressing the inventive CAR- encoding 

nucleic acid sequence, or a vector comprising the inventive CAR-encoding nucleic acid 

sequence, is administered to a mammal (e.g., a human), the biological activity of the CAR can 

be measured by any suitable method known in the art. In accordance with the inventive method, 

the CAR binds to BCMA on the multiple myeloma cells, and the multiple myeloma cells are 

destroyed. Binding of the CAR to BCMA on the surface of multiple myeloma cells can be 

assayed using any suitable method known in the art, including, for example, ELISA and flow 

cytometry. The ability of the CAR to destroy multiple myeloma cells can be measured using 

any suitable method known in the art, such as cytotoxicity assays described in, for example, 

Kochenderfer et al., J. Immunotherapy, 32(7): 689-702 (2009), and Herman et al. J.  

Immunological Methods, 285(1): 25-40 (2004). The biological activity of the CAR also can be 

measured by assaying expression of certain cytokines, such as CD 107a, IFN-y, IL-2, and TNF.  

T cell phenotypic characterization 

[00166] In some embodiments, the cell population of the CAR-T dosage forms described 

herein comprise a T cell or population of T cells, e.g., at various stages of differentiation.  

Stages of T cell differentiation include naive T cells, stem central memory T cells, central 

memory T cells, effector memory T cells, and terminal effector T cells, from least to most 

differentiated. After antigen exposure, naive T cells proliferate and differentiate into memory 

T cells, e.g., stem central memory T cells and central memory T cells, which then differentiate 

into effector memory T cells. Upon receiving appropriate T cell receptor, costimulatory, and 

inflammatory signals, memory T cells further differentiate into terminal effector T cells. See, 

e.g., Restifo. Blood. 124.4(2014):476-77; and Joshi et al. J. Immunol. 180.3(2008):1309-15.  

[00167] Naive T cells can have the following expression pattern of cell surface markers: 

CCR7+, CD62L+, CD45RO-, CD95-. Stem central memory T cells (Tscm) can have the 

following expression pattern of cell surface markers: CCR7+, CD62L+, CD45RO-, CD95+.  

Central memory T cells (Tcm) can have the following expression pattern of cell surface 

markers: CCR7+, CD62L+, CD45RO+, CD95+. Effector memory T cells (Tem) can have the 

following expression pattern of cell surface markers: CCR7-, CD62L-, CD45RO+, CD95+.  

Terminal effector T cells (Teff) can have the following expression pattern of cell surface 

markers: CCR7-, CD62L-, CD45RO-, CD95+. See, e.g., Gattinoni et al. Nat. Med.  

17(2011):1290-7; and Flynn et al. Clin. Translat. Immunol. 3(2014):e20. Figures 17 and 18 

also show markers expressed on each of these and additional classes of T cells.  
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[00168] Without wishing to be bound by theory, pre-infusion T cell phenotype can correlate 

with expansion and persistence of CAR+ T cells, toxicity profile and clinical responses. The 

drug product (DP) and post-infusion CD4:CD8 ratios and CAR-T memory phenotype can also 

provide information on expansion and persistence of CAR+ T cells, toxicity profile and clinical 

responses. Immunophenotyping of CD4 and CD8 T cell subsets can be undertaken at various 

stages, including initial collection of patient's T cells by apheresis, of the DP itself, and at 

various timepoints post-infusion (e.g., to characterize subsets, activation status, ratios).  

[00169] In various embodiments, the ratio of CD4+ CAR-T cells to CD8+ CAR-T cells in the 

dose of the CAR-T cells is less than 4. In some embodiments, the ratio of CD4+ CAR-T cells 

to CD8+ CAR-T cells in the dose of the CAR-T cells is less than 2. In some embodiments, the 

ratio of CD4+ CAR-T cells to CD8+ CAR-T cells in the dose of the CAR-T cells is less than 

1.8. In some embodiments, the ratio of CD4+ CAR-T cells to CD8+ CAR-T cells in the dose 

of the CAR-T cells is less than 1.7. In some embodiments, the ratio of CD4+ CAR-T cells to 

CD8+ CAR-T cells in the dose of the CAR-T cells is less than 1.6. In specific embodiments, 

in at least five, six, seven, eight, nine, ten, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 patients, the 

median ratio of CD4+ CAR-T cells to CD8+ CAR-T cells in the dose of the CAR-T cells is 

less than 1.6. In specific embodiments, in at least five, six, seven, eight, nine, ten, 11, 12, 13, 

14, 15, 16, 17, 18, 19 or 20 patients, the median ratio of CD4+ CAR-T cells to CD8+ CAR-T 

cells in the dose of the CAR-T cells is about 1.54. In specific embodiments, in at least five, 

six, seven, eight, nine, ten, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 patients, the median ratio of 

CD4+ CAR-T cells to CD8+ CAR-T cells in the dose of the CAR-T cells is 1.54.  

[00170] In various embodiments of the above methods, the method further comprises the steps 

of assaying the amount of CD4+ CAR-T cells in the subject at Cmax, assaying the amount of 

CD8+ CAR-T cells in the subject at Cmax, wherein the ratio of the CD4+ CAR-T cells at Cmax 

to the CD8+ CAR-T cells at Cmax is less than 3.5. In some embodiments, the ratio of the CD4+ 

CAR-T cells at Cmax to the CD8+ CAR-T cells at Cmax is less than 2.0. In some 

embodiments, the ratio of the CD4+ CAR-T cells at Cmax to the CD8+ CAR-T cells at Cmax 

is less than 1.2. In some embodiments, the ratio of the CD4+ CAR-T cells at Cmax to the 

CD8+ CAR-T cells at Cmax is less than 0.8. In some embodiments, the ratio of the CD4+ 

CAR-T cells at Cmax to the CD8+ CAR-T cells at Cmax is less than 0.6. In some 

embodiments, the ratio of the CD4+ CAR-T cells at Cmax to the CD8+ CAR-T cells at Cmax 

is less than 0.4. In some embodiments, the ratio of the CD4+ CAR-T cells at Cmax to the CD8+ 

CAR-T cells at Cmax is less than 0.3. In some embodiments, the ratio of the CD4+ CAR-T 
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cells at Cmax to the CD8+ CAR-T cells at Cmax is about 0.3. In specific embodiments, in at 

least five, six, seven, eight, nine, ten, 11, 12,13,14,15, 16,17,18,19 or 20 patients, the median 

ratio of CD4+ CAR-T cells to CD8+ CAR-T cells in the dose of the CAR-T cells is less than 

1.6. In specific embodiments, in at least five, six, seven, eight, nine, ten, 11, 12, 13, 14, 15, 16, 

17, 18, 19 or 20 patients, the median ratio of CD4+ CAR-T cells to CD8+ CAR-T cells at Cmax 

is about 0.35. In specific embodiments, in at least five, six, seven, eight, nine, ten, 11, 12, 13, 

14, 15, 16, 17, 18, 19 or 20 patients, the median ratio of CD4+ CAR-T cells to CD8+ CAR-T 

cells at Cmax is 0.35. In specific embodiments, in at least five, six, seven, eight, nine, ten, 11, 

12, 13, 14, 15, 16, 17, 18, 19 or 20 patients, the median ratio of CD4+ CAR-T cells to CD8+ 

CAR-T cells at Cmax is about 0.3. In specific embodiments, in at least five, six, seven, eight, 

nine, ten, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 patients, the median ratio of CD4+ CAR-T 

cells to CD8+ CAR-T cells at Cmax is 0.3.  

[00171] In various embodiments of the above methods, the central memory CAR+ T cells 

comprise at least 85% of the total amount of CAR+ T cells at 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 

17, 18, 19,20,21,22,23,24,25,26,27,28,29, 30,31,32,33, 34,35,36, 37,38,39,40,41, 

42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59, 60,61,62, 63,64, or 65 

days after the dose is administered. In some embodiments, the central memory CAR+ T cells 

comprise at least 90% of the total amount of CAR+ T cells at 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 

17, 18, 19,20,21,22,23,24,25,26,27,28,29, 30,31,32,33, 34,35,36, 37,38,39,40,41, 

42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59, 60,61,62, 63,64, or 65 

days after the dose is administered. In some embodiments, the central memory CAR+ T cells 

comprise at least 95% of the total amount of CAR+ T cells at 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 

17, 18, 19,20,21,22,23,24,25,26,27,28,29, 30,31,32,33, 34,35,36, 37,38,39,40,41, 

42, 43, 44, or 45 days after the dose is administered. In some embodiments, the central 

memory CAR+ T cells comprise at least 97% of the total amount of CAR+ T cells at 7, 8, 9, 

10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 days after the 

dose is administered.  

[00172] In certain embodiments, the central memory CAR+ T cells comprise 85-86%, 86

87%, 87-88%, 88-89%, 89-90%, 90-91%, 91-92%, 92-93%, 93-94%, 94-95%, 95-96%, 96

97%, 97-98%, or 98-99% of the total amount of CAR+ T cells.  

[00173] In various embodiments of the above methods, the effector memory CAR+ T cells 

comprise at least 2% of the total amount of CAR+ T cells at 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 

17, 18, 19,20,21,22,23,24,25,26,27,28,29, 30,31,32,33, 34,35,36, 37,38,39,40,41, 
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42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59, 60,61,62, 63,64, or 65 

days after the dose is administered. In some embodiments, the effector memory CAR+ T cells 

comprise at least 5% of the total amount of CAR+ T cells at 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 

17, 18, 19,20,21,22,23,24,25,26,27,28,29, 30,31,32,33, 34,35,36, 37,38,39,40,41, 

42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59, 60,61,62, 63,64, or65 

days after the dose is administered. In some embodiments, the effector memory CAR+ T cells 

comprise at least 7% of the total amount of CAR+ T cells at 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 

17, 18, 19,20,21,22,23,24,25,26,27,28,29, 30,31,32,33, 34,35,36, 37,38,39,40,41, 

42, 43, 44, or 45 days after the dose is administered. In some embodiments, the effector 

memory CAR+ T cells comprise at least 8% of the total amount of CAR+ T cells at 7, 8, 9, 10, 

11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 days after the dose 

is administered.  

[00174] In various embodiments of the above methods, the method further comprises the step 

of assaying for the ratio of central memory CAR+ CD8+ T cells to the total amount of CAR+ 

CD8+ T cells in the subject at Cmax after the dose is administered, wherein the central memory 

CAR+ CD8+ T cells comprise at least 30% of the total amount of CAR+ CD8+ T cells. In 

some embodiments, the central memory CAR+ CD8+ T cells comprise at least 50% of the total 

amount of CAR+ CD8+ T cells. In some embodiments, the central memory CAR+ CD8+ T 

cells comprise at least 50% of the total amount of CAR+ CD8+ T cells. In some embodiments, 

the central memory CAR+ CD8+ T cells comprise at least 80% of the total amount of CAR+ 

CD8+ T cells. In certain embodiments, the central memory CAR+ CD8+ T cells comprise 55

70%, 56-71%, 57-72%, 58-73%, 59-74%, 60-75%, 61-76%, 62-77%, 63-78%, 64-79%, 65

80%, 66-81%, 67-82%, 68-83%, 70-85%, 72-87%, 74-89%, 76-91%, 78-93%, or 80-100% of 

the total amount of CAR+ CD8+ T cells.  

[00175] In various embodiments of the above methods, the method further comprises the step 

of assaying for the ratio of central memory CAR+ CD4+ T cells to total amount of CAR+ 

CD4+ T cells in the subject at Cmax after the dose is administered, wherein the central memory 

CAR+ CD4+ T cells comprise at least 60% of the total amount of CAR+ CD4+ T cells. In 

some embodiments, the central memory CAR+ CD4+ T cells comprise at least 65% of the total 

amount of CAR+ CD4+ T cells. In some embodiments, the central memory CAR+ CD4+ T 

cells comprise at least 70% of the total amount of CAR+ CD4+ T cells. In some embodiments, 

the central memory CAR+ CD4+ T cells comprise at least 75% of the total amount of CAR+ 

CD4+ T cells. In certain embodiments, the central memory CAR+ CD4+ T cells comprise 65
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80%, 66-81%, 67-82%, 68-83%, 69-84%, 70-85%, 71-86%, 72-87%, 73-88%, 74-89%, 75

90%, 76-91%, 77-92%, 78-93%, 80-90%, 82-92%, 84-94%, 86-96%, 88-98%, or 90-100% of 

the total amount of CAR+ CD8+ T cells.  

[00176] In various embodiments of the above methods, the method further comprises the step 

of assaying for the ratio of effector memory CAR+ CD8+ T cells to the total amount of CAR+ 

CD8+ T cells in the subject at Cmax after the dose is administered, wherein the effector 

memory CAR+ CD8+ T cells comprise at least 2% of the total amount of CAR+ CD8+ T cells.  

In some embodiments, the effector memory CAR+ CD8+ T cells comprise at least 5% of the 

total amount of CAR+ CD8+ T cells. In some embodiments, the effector memory CAR+ CD8+ 

T cells comprise at least 8% of the total amount of CAR+ CD8+ T cells. In some embodiments, 

the effector memory CAR+ CD8+ T cells comprise at least 10% of the total amount of CAR+ 

CD8+ T cells.  

[00177] In various embodiments of the above methods, the method further comprises the step 

of assaying for the ratio of effector memory CAR+ CD4+ T cells to total amount of CAR+ 

CD4+ T cells in the subject at Cmax after the dose is administered, wherein the effector 

memory CAR+ CD4+ T cells comprise at least 70% of the total amount of CAR+ CD4+ T 

cells. In some embodiments, the effector memory CAR+ CD4+ T cells comprise at least 75% 

of the total amount of CAR+ CD4+ T cells. In some embodiments, the effector memory CAR+ 

CD4+ T cells comprise at least 80% of the total amount of CAR+ CD4+ T cells. In some 

embodiments, the effector memory CAR+ CD4+ T cells comprise at least 90% of the total 

amount of CAR+ CD4+ T cells. In certain embodiments, the effector memory CAR+ CD4+ T 

cells comprise 70-80%, 70-85%, 71-86%, 72-87%, 73-88%, 74-89%, 75-90%, 76-91%, 77

92%, 78-93%, 80-90%, 82-92%, 84-94%, 86-96%, 88-98%, or 90-100% of the total amount 

of CAR+ CD8+ T cells.  

[00178] Without wishing to be bound by theory, the percentage of cells in the patient may be 

predictive of clinical response as shown in Figures 22C and 22D.  

[00179] Assays of cytokines (e.g., IL-6, IFN-y, IL-10, TNF-a, IL-2, and IL-2Ru) can be 

undertaken at various points during treatment, e.g., ten days before administration or infusion 

of the drug product (DP), at the time of administration or infusion of the DP, and any time after 

administration of the DP (e.g., 10 days, 20 days, 30 days, 40 days, 60 days, 80 days, and 100 

days after DP administration). Without wishing to be bound by theory, IL-6 serum cytokine 
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levels may be correlated with cytokine release syndrome but not with a clinical response, as 

shown in the data of Figures 26A and 26B.  

Kits and articles of manufacture 

[00180] Any of the compositions described herein may be comprised in a kit. in some 

embodiments, engineered immortalized CAR-T cells are provided in the kit, which also may 

include reagents suitable for expanding the cells, such as media.  

[00181] In a non-limiting example, a chimeric receptor expression construct, one or more 

reagents to generate a chimeric receptor expression construct, cells for transfection of the 

expression construct, and/or one or more instruments to obtain immortalized T cells for 

transfection of the expression construct (such an instrument may be a syringe, pipette, forceps, 

and/or any such medically approved apparatus).  

[00182] In some aspects, the kit comprises reagents or apparatuses for electroporation of cells.  

[00183] In some embodiments, the kit comprises artificial antigen presenting cells.  

[00184] The kits may comprise one or more suitably aliquoted compositions of the present 

invention or reagents to generate compositions of the invention. The components of the kits 

may be packaged either in aqueous media or in lyophilized form. The container means of the 

kits may include at least one vial, test tube, flask, bottle, syringe, or other container means, into 

which a component may he placed, and preferably, suitably aliquoted. Where there is more 

than one component in the kit, the kit also will generally contain a second, third, or other 

additional container into which the additional components may be separately placed. However, 

various combinations of components may be comprised in a vial. The kits of the present 

invention also will typically include a means for containing the chimeric receptor construct and 

any other reagent containers in close confinement for commercial sale. Such containers may 

include injection or blow molded plastic containers into which the desired vials are retained, 

for example.  

EXAMPLES 

[00185] The following example is provided to further describe some of the embodiments 

disclosed herein. The example is intended to illustrate, not to limit, the disclosed 

embodiments.  
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Example 1 

[00186] LCAR-B38M (JNJ-4528) is a chimeric antigen receptor T cell (CAR-T) therapy 

containing two B-cell maturation antigen (BCMA)-targeting single-domain antibodies 

designed to confer avidity. A map of the construct, and a schematic for LCAR-B38M is shown 

in Figure 2A. The LCAR-B38M construct used to make the LCAR-B38M cells tested herein 

comprises the sequences listed in Table 2: 

Table 2 

CAR element Amino Acid sequence 

CD8u signal MALPVTALLLPLALLLHAARP (SEQID NO: 6) 
peptide, CD8u 
SP 
BCMA binding VHH1 (A37353) aa sequence 
domain QVKLEESGGGLVQAGRSLRLSCAASEHTFSSHVMGWFRQAPG 

KERESVAVIGWRDISTSYADSVKGRFTISRDNAKKTLYLQMNSL 
KPEDTAVYYCAARRIDAADFDSWGQGTQVTVSS (SEQ ID NO: 
1) 
G4S linker aa sequence 
GGGGS (SEQID NO: 5) 
VHH2 (A37917) aa sequence 
EVQLVESGGGLVQAGGSLRLSCAASGRTFTMGWFRQAPGKERE 
FVAAISLSPTLAYYAESVKGRFTISRDNAKNTVVLQMNSLKPED 
TALYYCAADRKSVMSIRPDYWGQGTQVTVSS (SEQ ID NO: 3) 

CD8a hinge TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD 
(SEQ ID NO: 15) 

CD8u IYIWAPLAGTCGVLLLSLVITLYC (SEQ ID NO: 8) 
transmembrane 
CD137 KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL 
Cytoplasmic (SEQ ID NO: 12) 
CD3( RVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDP 
Cytoplasmic EMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKG 

HDGLYQGLSTATKDTYDALHMQALPPR (SEQID NO: 10) 

[00187] Apheresis samples were collected from 25 patients, and T cells were selected and 

transduced with a lentivirus encoding the BCMA CAR construct expressing the LCAR-B38M 

CAR. A schematic of the experiment is shown in Figure 2B. The 25 patients were then 

followed in the MMY2001 study as outlined in Figure 3. The patient population included those 

with relapsed or Refractory Multiple Myeloma, with 3 prior lines or double refractory to 

PI/IMiD and prior PI, IMiD, uCD38 exposure. A primary objective of the MMY2001 study 

was safety and establishment of RP2D, such as studying incidence and severity of adverse 

events (Phase 1b). Another primary objective is efficacy: Objective Response Rate (ORR) as 
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partial response (PR) or better as defined by IMWG (Phase 2). The following are secondary 

objectives: incidence and severity of adverse events (Phase 2), assessment of immunogenicity, 

PRO post-treatment and HRQoL assessment, characterization of PK and PD, and any further 

efficacy characterization. The clinical responses from the patients is summarized in Figure 4.  

[00188] While the T cells were transduced and expanded over an approximately 3-4 week 

period, the 25 patients underwent bridging therapy (as needed) and a conditioning regimen 

with cyclophosphamide and fludarabine. During this period, various assays of the patients' T 

cells were undertaken. Immune cell composition of both the apheresis samples and transduced 

cells following expansion (referred to herein as the "drug product" or "DP") was evaluated by 

multiparametric flow cytometry.  

[00189] The median proportion of CAR+ T cells in the DP was 16% (range 6-28%) of total 

cells, with a median proportion of 12% (range 4-22%) CD4+ CAR+ and 7% (range 3-20%) 

CD8+ CAR+ T cells. The CD4:CD8 ratio of CAR+ T cells in the DP was assayed, with results 

shown in Figure 14B on the X-axis. The phenotype of patients' T cells was also assayed before 

infusion, as shown in Figure 19. Significant variability between patients was observed in the 

composition of the DP regarding T cell subsets (i.e., naive, Tscm, Tcm, Tem, Teff, and Temra) 

although this profile was comparable in the CAR- and CAR+ T cell subpopulations within 

each patient.  

[00190] Patients were administered a single infusion of the LCAR-B38M DP at a target dose 

of 0.75x 106 CAR+ T cells/kg (target range 0.5-1.0x106) (see Table 3 (Phase 1b)). Of the 21 

patients with a postbaseline disease evaluation, the overall response rate was 91% at a median 

follow-up of 3 months (range 1-10). Among the 15 patients with post-infusion day 28 

evaluable bone marrow (BM) samples by next generation flow cytometry and/or next 

generation sequencing, 10 were minimal residual disease negative at the 10- level of 

sensitivity, 2 at 10' level of sensitivity, and 3 had unidentified clones. All patients expressed 

BCMA in BM tumor cells at baseline, as assessed by flow cytometry, although levels varied 

among patients. Clinical responses appear independent of BM BCMA expression.  

[00191] The Cmax was assayed, as well as the degree of expansion and persistence of LCAR

B38M in whole blood over the study period. Without wishing to be bound by theory, Cmax 

associates with response (duration or depth). The degree of sufficiency and insufficiency of 

cell expansion at peak can provide information to improve dose scalation. Persistence 

associates with response (duration or depth). The degree of sufficiency and insufficiency of 
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persistence can provide information to improve dose regimen. The features in the drug product 

(DP) also can provide information on expansion or persistence.  

[00192] Following infusion, CAR+ T cells expanded reaching a peak between 20-87% of the 

total T cells in blood between days 10-14 post-infusion, as shown in Figure 8B. A qPCR assay 

showing the number of transgene copies per microgram gDNA was also performed, as shown 

in Figure 8A. The Cmax was highly variable among patients, while the Tmax is consistent 

among patients. The CD4:CD8 ratio and the proportion of T cell memory subsets in the final 

DP did not correlate with peak CAR+ T cell expansion. Peak CAR+ T cell expansion did not 

correlate with response. Number of CAR+ T cells/pl in 15/28 patients with at least 11 weeks 

follow-up are <LOQ (2 cells/pl) at 11 weeks, as shown in Figures 8A-8C. Although 

preliminary, no difference was observed in the response rate between these patients compared 

with patients with measurable CAR+ T cells after 8 weeks. A similar trend was observed when 

expansion and persistence were assessed by measuring transgene levels, as shown by the data 

in Figures 10A, 10B and 11B. Unlike comparative bb2121 CAR, there is no correlation 

between clinical response and either of Cmax or persistence.  

[00193] While both CD4+ and CD8+ CAR+ T cells expanded in vivo, the CD4:CD8 CAR+ 

ratio decreased at peak expansion compared with the final DP (from a median of 1.54 to 0.35, 

as shown in Figure 14B), indicating a preferential expansion of CD8+ CAR+ T cells in blood.  

Calculation based on exploratory analysis indicates that the CD4/CD8 ratio at the time of 

CAR+ T cells Cmax (Tmax) has a median of 0.29 and a range of 0.08-3.4 (see Figure 42). At 

peak expansion, CD8+ CAR+ T cells showed predominantly a central memory (Tcm) 

phenotype (CCR7+ CD45RO+; median of 90% [range 29.3-98.5%], as shown in Figure 20A).  

In contrast, CD4+ CAR+ T cells were enriched in effector memory (Tem) cells (CCR7

CD45RO+; median of 87% [range 69.5-98.1%], as shown in Figure 20B) at peak expansion.  

A similar trend in the CD4:CD8 ratio, as well as the T cell memory subset composition, was 

observed in BM of all 11 patients with evaluable samples at day 28.  

[00194] As shown in Figures 20A and 20B, CD8+ CAR- T cells showed an approximate 

50:50 ratio of stem memory (Tscm):Tcm subsets while CD4+ CAR- T cells showed an 

approximate 50:50 ratio of Tcm:Tem subsets, indicating a differential T cell maturation course 

for CD4+ and CD8+ CAR+ and CAR- T cells.  

[00195] The ratio of cells that are CD8+ CD450RO- CD27+ is predictive of clinical response, 

as shown in Figure 20C. Patients with CR or PRTD had a higher percentage of CD8+ 
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CD450RO- CD27+ cells than those who had PR or NR. Figure 20D illustrates graphs showing 

the correlation of percentage CD8 stem cell memory T cells (left panel) or naive T cells (right 

panel) in each patient grouped by clinical response.  

[00196] The ratio of cells that were multiple myeloma cells versus total leukocytes over the 

study period was assayed, with results shown in Figure 21A. By day 56, the ratio of multiple 

myeloma cells to total leukocytes declined to level below that at the time of infusion (day 0).  

[00197] It was hypothesized that peripheral pro-inflammatory cytokine levels correlate with 

CAR+ T cells expansion, T cell subsets and the patient toxicity profile. CRS and HLH/MAS 

can correlate with high levels of peripheral cytokines (IL-6, IL2-RA). IL-6 levels may correlate 

with peak expansion of CAR-T cells (Fraietta et al., 2018 Nature medicine 24, 563-571).  

Selected serum cytokines may be indicative of MoA and T cell subset frequencies. An 

assessment of peripheral cytokines at CAR-T cell expansion and CRS onset was tested. As 

shown in Figures 23-25, expansion of CAR+ T cells correlated with increases in serum 

cytokines levels (i.e., IL-6, IFN-y, IL-10) which peaked around day 10, coinciding with 

maximal expansion of CAR+ T cells. A correlation between the expansion of LCAR-B38M 

with the grade of cytokine release syndrome was seen, as shown in the assay of Figure 22.  

Generally, increases in some proinflammatory cytokines (i.e., IL-6) correlated with onset of 

cytokine release syndrome symptoms (median time to onset of 7 days [range 2-12]), as shown 

in Figure 26A.  

[00198] Additional assays were performed. An assay ofthe percentage of PD1+ CAR+ CD8+ 

T cells, as compared to CD8 CAR, and an assay of the percentage of CD4 T cells was 

performed on several days throughout the study period for each patient, with results shown in 

Figure 21C. The results can provide insight into CAR-T exhaustion and regulatory 

mechanisms.  

[00199] The above findings suggest that LCAR-B38M is a differentiated CAR-T cell therapy 

that is highly active at a relatively low dose, as compared with other CAR-T therapies. Without 

wishing to be bound by theory, the high activity of LCAR-B38M at a relatively low dose is 

potentially related to a preferential and consistent in vivo expansion of CD8+ CAR+ T cells 

displaying a central memory phenotype.  

[00200] Table 3 below summarizes the infusion procedure performed in the MMY2001 study 

presented above and in a related Phase 2 study.  
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Table3: Summary of JNJ-4528 Infusion; All Treated Analysis Set (Study MMY2001) 
Phase Ib Phase 2 Phase Ib+Phase 2 

Analysis set: all treated 29 68 97 

Time since initial apheresis to JNJ-4528 Infusion 
(days) 

N 29 68 97 
Mean (SD) 52.2 (17.74) 52.3 (19.74) 52.2 (19.07) 
Median 44.0 47.0 47.0 
Range (42; 120) (41; 167) (41; 167) 

Time from apheresis to JNJ-4528 Infusion (days)a 
N 29 68 97 

Mean (SD) 49.0 (15.00) 52.3 (19.74) 51.3 (18.44) 
Median 44.0 47.0 46.0 
Range (41; 120) (41; 167) (41; 167) 

Duration of JNJ-4528 infusion (minutes) 
N 29 68 97 

Mean (SD) 21.2(6.29) 20.3 (11.86) 20.6 (10.48) 
Median 20.0 17.0 19.0 
Range (14; 38) (5; 71) (5; 71) 

Total volume infused (mL) 
N 29 68 97 

Mean (SD) 66.6 (10.45) 69.1 (16.28) 68.4 (14.77) 
Median 70.0 70.0 70.0 
Range (30; 70) (30; 140) (30; 140) 

Total CAR-positive viable T cells infused (xOE6 
cells) 

N 29 68 97 
Mean (SD) 59.81 (13.409) 54.69 (13.696) 56.22 (13.744) 
Median 59.00 51.45 54.30 
Range (35.7; 82.0) (23.5; 93.1) (23.5; 93.1) 

JNJ-4528 dose formulated (xOE6 cells/kg)b 
N 29 68 97 

Mean (SD) 0.698 (0.0844) 0.694 (0.0821) 0.695 (0.0823) 
Median 0.709 0.687 0.693 
Range (0.54; 0.88) (0.52; 0.94) (0.52; 0.94) 

JNJ-4528 dose administered (xOE6 cells/kg) 
N 29 68 97 

Mean (SD) 0.710 (0.877) 0.710 (0.0904) 0.710 (0.0892) 
Median 0.722 0.707 0.709 
Range (0.52; 0.89) (0.51; 0.95) (0.51; 0.95) 

aThe apheresis that resulted in complete manufacturing of JNJ-4528 is used if there are multiple apheresis 
attempts.  
bCAR-positive viable T cells adjusted by weight at apheresis.  
°CAR-positive viable T cells adjusted by weight at JNJ-4528 infusion (on or within 1 day prior to JNJ-4528 
infusion day).  
Note: Duration of infusion includes both actual infusion time and interruption time, if any.  

[00201] The teachings of all patents, published applications and references cited herein are 

incorporated by reference in their entirety.  
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[00202] While example embodiments have been particularly shown and described, it will be 

understood by those skilled in the art that various changes in form and details may be made 

therein without departing from the scope of the embodiments encompassed by the appended 

claims.  

Sequences 

LCAR-B38M CD8a signal Peptide, CD8a SP amino acid 
MALPVTALLLPLALLLHAARP (SEQ ID NO: 6) 

LCAR-B38M BCMA binding domain, VHH1 amino acid sequence 
QVKLEESGGGLVQAGRSLRLSCAASEHTFSSHVMGWFRQAPGKERESVAVIGWRDI 
STSYADSVKGRFTISRDNAKKTLYLQMNSLKPEDTAVYYCAARRIDAADFDSWGQG 
TQVTVSS (SEQ ID NO: 1) 

LCAR-B38M BCMA binding domain, G4S linker amino acid sequence 
GGGGS (SEQ ID NO: 5) 

LCAR-B38M BCMA binding domain, VHH2 amino acid sequence 
EVQLVESGGGLVQAGGSLRLSCAASGRTFTMGWFRQAPGKEREFVAAISLSPTLAY 
YAESVKGRFTISRDNAKNTVVLQMNSLKPEDTALYYCAADRKSVMSIRPDYWGQG 
TQVTVSS (SEQ ID NO: 3) 

LCAR-B38M CD8a hin2e amino acid sequence 
TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD (SEQ ID NO: 15) 

LCAR-B38M CD8u transmembrane amino acid sequence 
IYIWAPLAGTCGVLLLSLVITLYC (SEQ ID NO: 8) 

LCAR-B38M CD137 Cytoplasmic amino acid sequence 
KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL (SEQ ID NO: 12) 

LCAR-B38M CD3C Cytoplasmic amino acid sequence 
RVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ 
EGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQAL 
PPR (SEQ ID NO: 10) 

LCAR-B38M CD8u signal peptide CD8u SP nucleic acid sequence 
ATGGCTCTGCCCGTCACCGCTCTGCTGCTGCCTCTGGCTCTGCTGCTGCACGCTGC 
TCGCCCT (SEQID NO: 7) 

LCAR-B38M BCMA binding domain, VHH1 nucleic acid sequence 
CAGGTCAAACTGGAAGAATCTGGCGGAGGCCTGGTGCAGGCAGGACGGAGCCTG 
CGCCTGAGCTGCGCAGCATCCGAGCACACCTTCAGCTCCCACGTGATGGGCTGGT 
TTCGGCAGGCCCCAGGCAAGGAGAGAGAGAGCGTGGCCGTGATCGGCTGGAGG 
GACATCTCCACATCTTACGCCGATTCCGTGAAGGGCCGGTTCACCATCAGCCGGG 
ACAACGCCAAGAAGACACTGTATCTGCAGATGAACAGCCTGAAGCCCGAGGACA 
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CCGCCGTGTACTATTGCGCAGCAAGGAGAATCGACGCAGCAGACTTTGATTCCTG 
GGGCCAGGGCACCCAGGTGACAGTGTCTAGC (SEQ ID NO: 2) 

LCAR-B38M BCMA binding domain, G4S linker (SEQ ID NO: 5) nucleic acid 
sequence 
GGAGGAGGAGGATCT (SEQ ID NO: 16) 

LCAR-B38M BCMA binding domain, VHH2 nucleic acid sequence 
GAGGTGCAGCTGGTGGAGAGCGGAGGCGGCCTGGTGCAGGCCGGAGGCTCTCTG 
AGGCTGAGCTGTGCAGCATCCGGAAGAACCTTCACAATGGGCTGGTTTAGGCAG 
GCACCAGGAAAGGAGAGGGAGTTCGTGGCAGCAATCAGCCTGTCCCCTACCCTG 
GCCTACTATGCCGAGAGCGTGAAGGGCAGGTTTACCATCTCCCGCGATAACGCC 
AAGAATACAGTGGTGCTGCAGATGAACTCCCTGAAACCTGAGGACACAGCCCTG 
TACTATTGTGCCGCCGATCGGAAGAGCGTGATGAGCATTAGACCAGACTATTGG 
GGGCAGGGAACACAGGTGACCGTGAGCAGC (SEQ ID NO: 4) 

LCAR-B38M CD8a hinge nucleic acid sequence 
ACCACGACGCCAGCGCCGCGACCACCAACACCGGCGCCCACCATCGCGTCGCAG 
CCCCTGTCCCTGCGCCCAGAGGCGTGCCGGCCAGCGGCGGGGGGCGCAGTGCAC 
ACGAGGGGGCTGGACTTCGCCTGTGAT (SEQ ID NO: 14) 

LCAR-B38M CD8a transmembrane nucleic acid sequence 
ATCTACATCTGGGCGCCCTTGGCCGGGACTTGTGGGGTCCTTCTCCTGTCACTGG 
TTATCACCCTTTACTGC (SEQ ID NO: 9) 

LCAR-B38M CD137 Cytoplasmic nucleic acid sequence 
AAACGGGGCAGAAAGAAACTCCTGTATATATTCAAACAACCATTTATGAGACCA 
GTACAAACTACTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCCAGAAGAAGA 
AGAAGGAGGATGTGAACTG (SEQ ID NO: 13) 

LCAR-B38M CD3C Cytoplasmic nucleic acid sequence 
AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTACCAGCAGGGCCAGAA 
CCAGCTCTATAACGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGTTTTGGA 
CAAGAGACGTGGCCGGGACCCTGAGATGGGGGGAAAGCCGAGAAGGAAGAACC 
CTCAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAGATGGCGGAGGCCTACA 
GTGAGATTGGGATGAAAGGCGAGCGCCGGAGGGGCAAGGGGCACGATGGCCTT 
TACCAGGGTCTCAGTACAGCCACCAAGGACACCTACGACGCCCTTCACATGCAG 
GCCCTGCCCCCTCGCTAA (SEQ ID NO: 11) 
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CLAIMS 

1. A method of treating a subject who has a cancer, the method comprising administering to 

the subject at least one dose of cells comprising a chimeric antigen receptor (CAR) 

polypeptide comprising: 

a) an extracellular antigen binding domain comprising a first anti-BCMA binding 

moiety and a second BCMA binding moiety; 

b) a transmembrane domain; and 

c) an intracellular signaling domain, 

optionally wherein the cells are CAR-T cells.  

2. The method of claim 1, wherein the cells are expanded in vitro prior to infusion.  

3. The method of claim 1 or claim 2, wherein the cells are T cells, NK cells, iPSC-NK cells.  

4. The method of claim 3, wherein the cells are CAR-T cells.  

5. The method of claim 4, wherein the cells are NKT cells, iPSC-T cells or gamma-delta T 

cells.  

6. The method of any one of claims 1 to 5, wherein the cells are heterologous or autologous.  

7. The method of any one of claims I to 6, wherein the dose comprises 4.0 x 105 to 1.0 x 106 

of the CAR-T cells per kilogram of the mass of the subject.  

8. The method of any one of claims I to 7, wherein the dose comprises 5.5 x 105 to 8 x 105 of 

the CAR-T cells per kilogram of the mass of the subject.  

9. The method of any one of claims I to 8, wherein the dose comprises about 7.5 x 105 of the 

CAR-T cells per kilogram of the mass of the subject.  

10. The method of any one of claims I to 9, wherein the dose comprises 1 x 106 to 1 x 108 of 

the CAR-T cells.  
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11. The method of any one of claims I to 10, wherein the dose comprises 2 x 107 to 8 x 107 

of the CAR-T cells.  

12. The method of any one of claims I to 11, wherein the dose comprises about 5.25 x 107 of 

the CAR-T cells.  

13. The method of any one of claims 1 to 6, wherein the cells are administered at a dose 

resulting in 4.0 x 105 to 1.0 x 106 of the CAR-T cells per kilogram of the mass of the subject.  

14. The method of any one of claims I to 6 and 13, wherein the cells are administered at a 

dose resulting in 5.5 x 10 5 to 8 x 105 of the CAR-T cells per kilogram of the mass of the 

subject.  

15. The method of any one of claims I to 6, 13 and 14, wherein the cells are administered at 

a dose resulting in about 7.5 x 105 of the CAR-T cells per kilogram of the mass of the subject.  

16. The method of any one of claims I to 7 and 13-15, wherein the cells are administered at a 

dose resulting in 1 x 106 to 1 x 108 of the CAR-T cells in the subject.  

17. The method of any one of claims I to 7 and 13-16, wherein the cells are administered at a 

dose resulting in 2 x 107 to 8 x 107 of the CAR-T cells in the subject.  

18. The method of any one of claims I to 7 and 13-17, wherein the cells are administered at a 

dose resulting in about 5.25 x 107 of the CAR-T cells in the subject.  

19. The method of any one of claims I to 18, wherein the dose of the CAR-T cells is 

administered only once during the course of the treatment.  

20. The method of any one of claims I to 19, wherein the dose of the CAR-T cells is 

administered intravenously.  

21. The method of any one of claims 1 to 20, wherein the cancer is multiple myeloma.  
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22. The method of claim 21, wherein the multiple myeloma is refractory multiple myeloma 

or relapsed multiple myeloma.  

23. The method of any one of claims I to 22, wherein the ratio of CD4+ CAR-T cells to 

CD8+ CAR-T cells in the dose of the CAR-T cells is less than 4.  

24. The method of claim 23, wherein the ratio of CD4+ CAR-T cells to CD8+ CAR-T cells 

in the dose of the CAR-T cells is less than 2.  

25. The method of claim 24, wherein the ratio of CD4+ CAR-T cells to CD8+ CAR-T cells 

in the dose of the CAR-T cells is less than 1.8.  

26. The method of claim 25, wherein the ratio of CD4+ CAR-T cells to CD8+ CAR-T cells 

in the dose of the CAR-T cells is less than 1.7.  

27. The method of claim 26, wherein the ratio of CD4+ CAR-T cells to CD8+ CAR-T cells 

in the dose of the CAR-T cells is less than 1.6.  

28. The method of claim 27, wherein the ratio of CD4+ CAR-T cells to CD8+ CAR-T cells 

in the dose of the CAR-T cells is less than 1.4.  

29. The method of claim 28, wherein the ratio of CD4+ CAR-T cells to CD8+ CAR-T cells 

in the dose of the CAR-T cells is less than 1.2.  

30. The method of claim 29, wherein the ratio of CD4+ CAR-T cells to CD8+ CAR-T cells 

in the dose of the CAR-T cells is less than 1.0.  

31. The method of any one of claims I to 30, wherein the ratio of the CD4+ CAR-T cells at 

Cmax to the CD8+ CAR-T cells at Cmax is less than 3.5.  

32. The method of any one of claims I to 31, wherein the ratio of the CD4+ CAR-T cells at 

Cmax to the CD8+ CAR-T cells at Cmax is less than 2.0.  
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33. The method of claim 32, wherein the ratio of the CD4+ CAR-T cells at Cmax to the 

CD8+ CAR-T cells at Cmax is less than 1.2.  

34. The method of claim 33, wherein the ratio of the CD4+ CAR-T cells at Cmax to the 

CD8+ CAR-T cells at Cmax is less than 0.8.  

35. The method of claim 34, wherein the ratio of the CD4+ CAR-T cells at Cmax to the 

CD8+ CAR-T cells at Cmax is less than 0.6.  

36. The method of claim 35, wherein the ratio of the CD4+ CAR-T cells at Cmax to the 

CD8+ CAR-T cells at Cmax is less than 0.4.  

37. The method of claim 36, wherein the ratio of the CD4+ CAR-T cells at Cmax to the 

CD8+ CAR-T cells at Cmax is less than 0.3.  

38. The method of any one of claims 1 to 37, further comprising assaying the amount of 

CD4+ CAR-T cells and/or CD8+ CAR-T cells in the subject.  

39. The method of any one of claims I to 38, wherein the first BCMA binding moiety and/or 

the second BCMA binding moiety is an anti-BCMA sdAb.  

40. The method of claim 39, wherein the first BCMA binding moiety is a first anti-BCMA 

sdAb and the second BCMA binding moiety is a second anti-BCMA sdAb.  

41. The method of any one of claims 1 to 40, wherein the first BCMA binding moiety 

comprises the amino acid sequence of 

QVKLEESGGGLVQAGRSLRLSCAASEHTFSSHVMGWFRQAPGKERESVAVIGWRDI 

STSYADSVKGRFTISRDNAKKTLYLQMNSLKPEDTAVYYCAARRIDAADFDSWGQG 

TQVTVSS (SEQID NO: 1).  

42. The method of any one of claims 1 to 40, wherein the first BCMA binding moiety 

comprises a polypeptide encoded by the nucleic acid sequence of 

CAGGTCAAACTGGAAGAATCTGGCGGAGGCCTGGTGCAGGCAGGACGGAGCCTG 

CGCCTGAGCTGCGCAGCATCCGAGCACACCTTCAGCTCCCACGTGATGGGCTGGT 
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TTCGGCAGGCCCCAGGCAAGGAGAGAGAGAGCGTGGCCGTGATCGGCTGGAGG 

GACATCTCCACATCTTACGCCGATTCCGTGAAGGGCCGGTTCACCATCAGCCGGG 

ACAACGCCAAGAAGACACTGTATCTGCAGATGAACAGCCTGAAGCCCGAGGACA 

CCGCCGTGTACTATTGCGCAGCAAGGAGAATCGACGCAGCAGACTTTGATTCCTG 

GGGCCAGGGCACCCAGGTGACAGTGTCTAGC (SEQID NO: 2).  

43. The method of any one of claims I to 42, wherein the second BCMA binding moiety 

comprises the amino acid sequence of 

EVQLVESGGGLVQAGGSLRLSCAASGRTFTMGWFRQAPGKEREFVAAISLSPTLAY 

YAESVKGRFTISRDNAKNTVVLQMNSLKPEDTALYYCAADRKSVMSIRPDYWGQG 

TQVTVSS (SEQID NO: 3).  

44. The method of any one of claims 1 to 43, wherein the second BCMA binding moiety 

comprises a polypeptide encoded by the nucleic acid sequence of 

GAGGTGCAGCTGGTGGAGAGCGGAGGCGGCCTGGTGCAGGCCGGAGGCTCTCTG 

AGGCTGAGCTGTGCAGCATCCGGAAGAACCTTCACAATGGGCTGGTTTAGGCAG 

GCACCAGGAAAGGAGAGGGAGTTCGTGGCAGCAATCAGCCTGTCCCCTACCCTG 

GCCTACTATGCCGAGAGCGTGAAGGGCAGGTTTACCATCTCCCGCGATAACGCC 

AAGAATACAGTGGTGCTGCAGATGAACTCCCTGAAACCTGAGGACACAGCCCTG 

TACTATTGTGCCGCCGATCGGAAGAGCGTGATGAGCATTAGACCAGACTATTGG 

GGGCAGGGAACACAGGTGACCGTGAGCAGC (SEQ ID NO: 4).  

45. The method of any one of claims I to 44, wherein the first BCMA binding moiety and 

the second BCMA binding moiety are connected to each other via a peptide linker.  

46. The method of claim 45, wherein the peptide linker comprises the amino acid sequence 

of GGGGS (SEQID NO: 5).  

47. The method of any one of claims 1 to 46, wherein the CAR polypeptide further 

comprises a signal peptide located at the N-terminus of the polypeptide.  

48. The method of claim 47, wherein the signal peptide is derived from CD8u.  
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49. The method of claim 48, wherein the signal peptide comprises the amino acid sequence 

of 

MALPVTALLLPLALLLHAARP (SEQ ID NO: 6).  

50. The method of claim 48, wherein the signal peptide comprises a polypeptide encoded by 

the nucleic acid sequence of 

ATGGCTCTGCCCGTCACCGCTCTGCTGCTGCCTCTGGCTCTGCTGCTGCACGCTGC 

TCGCCCT (SEQID NO: 7).  

51. The method of any one of claims 1 to 48, wherein the transmembrane domain comprises 

the amino acid sequence of IYIWAPLAGTCGVLLLSLVITLYC (SEQID NO: 8).  

52. The method of any one of claims 1 to 48, wherein the transmembrane domain comprises 

a polypeptide encoded by the nucleic acid sequence of 

ATCTACATCTGGGCGCCCTTGGCCGGGACTTGTGGGGTCCTTCTCCTGTCACTGG 

TTATCACCCTTTACTGC(SEQID NO: 9).  

53. The method of any one of claims I to 52, wherein the intracellular signaling domain 

comprises a primary intracellular signaling domain of an immune effector cell.  

54. The method of any one of claims 1 to 52, wherein the intracellular signaling domain is 

derived from CD3(.  

55. The method of any one of claims I to 54, wherein the intracellular signaling domain 

comprises one or more co-stimulatory signaling domains.  

56. The method of claim 55, wherein the intracellular signaling domain comprises the amino 

acid sequence of 

RVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ 

EGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQAL 

PPR(SEQID NO: 10).  

57. The method of claim 55, wherein the intracellular signaling domain comprises a 

polypeptide encoded by the nucleic acid sequence of 
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AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTACCAGCAGGGCCAGAA 

CCAGCTCTATAACGAGCTCAATCTAGGACGAAGAGAGGAGTACGATGTTTTGGA 

CAAGAGACGTGGCCGGGACCCTGAGATGGGGGGAAAGCCGAGAAGGAAGAACC 

CTCAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAGATGGCGGAGGCCTACA 

GTGAGATTGGGATGAAAGGCGAGCGCCGGAGGGGCAAGGGGCACGATGGCCTT 

TACCAGGGTCTCAGTACAGCCACCAAGGACACCTACGACGCCCTTCACATGCAG 

GCCCTGCCCCCTCGCTAA (SEQ ID NO: 11).  

58. The method of any one of claims 55 to 57, wherein the intracellular signaling domain 

comprises the amino acid sequence of 

KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL (SEQ ID NO: 12).  

59. The method of any one of claims 55 to 57, wherein the intracellular signaling domain 

comprises a polypeptide encoded by the nucleic acid sequence of 

AAACGGGGCAGAAAGAAACTCCTGTATATATTCAAACAACCATTTATGAGACCA 

GTACAAACTACTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAA 

GAAGGAGGATGTGAACTG (SEQ ID NO: 13).  

60. The method of any one of claims 1 to 59, wherein the CAR polypeptide further 

comprises a hinge domain located between the C-terminus of the extracellular antigen 

binding domain and the N-terminus of the transmembrane domain.  

61. The method of claim 60, wherein the hinge domain comprises the amino acid sequence 

of TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD (SEQ ID NO: 15).  

62. The method of claim 60, wherein the hinge domain comprises a polypeptide encoded by 

the nucleic acid sequence of 

ACCACGACGCCAGCGCCGCGACCACCAACACCGGCGCCCACCATCGCGTCGCAG 

CCCCTGTCCCTGCGCCCAGAGGCGTGCCGGCCAGCGGCGGGGGGCGCAGTGCAC 

ACGAGGGGGCTGGACTTCGCCTGTGAT (SEQ ID NO: 14).  

63. The method of any one of claims I to 62, wherein the T cells are autologous T cells.  

64. The method of any one of claims 1 to 62, wherein the T cells are allogeneic T cells.  
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65. The method of any one of claims 1 to 64, wherein the subject is human.  

61



















































































































�����������������������������������������	�
	����

������������	�
�����	�������
���������
����
�������
������
�������������
	�������������
����� � � �����!
��
"����
"
���
 ���#�$!"��#�%��
 
����
!�
���"��
 ���#�$!�
��# ��
 
����
!�

�� ��
#���
#������
%����&'()'	)�*(+,-.)��� ���
���
���

��

!���
�����
���
����+'-/-0-&1��(23()0(����������
��,.3+0(�������$).'(45�(,0+-6'-.)�./��+'-/-0-&1��(23()0(7��8)'9('-0�������6.186(6'-:(5��"����
��1)�;&1��8,��(3��13��13��(+��18��18��18��(3�;&1��1)��1&��18��+<��
��������������� �������������������
�������������������
 ��������(+��(3��+<��(3��(+��8,��1&��1&��(+��13��-,�
9+��9(��(+��(+��-,����������������������������������� �������������������������������;&1��('��18�
+6��9(��+<��1)��1&��+.��18��8,��13��+<��13��(+�;&1����������� ������������������"�������������������" ����������������1&�;&1�	1(��18�
+6��+<��,6�	1(��(+�
9+��(+�
8+��1&��,6��(+�;&1������ �������������������  ������������������#���������������������8,��18��+<��9(�
9+�	1(��(+��+<��,6��,)��1&��8,��8,�
9+��(3�
8+��# ������������������%�������������������% ������������������=�����(3��1)��('��,)��(+��(3��8,��+.��13��,6�
9+��1&�;&1�
8+�
8+��8,������������������= ������������������!�������������������! ��������1&��1&��+<��+<�	1(��,6��1&��1&��,6��9(��,6��(+�
+6��18��1)��18��������������
�������������������
� �����������������

�����������
9+��1)�;&1�
9+�;&1��(+��(+����������

 ��������������������
�������

��� %���
���������
����+'-/-0-&1��(23()0(�



��������������	
������
�������������
�����������
������������	���������������������������	����������� ��������!!��������!!��!������!!�!!�!!����!!�!��!!���!!��!!�!����!�!���!�������"���!��!�!��!������!�!�����������!��������!�!���!!!��!!�����!!��!!���������������!!���!!��!�!�!�!�!��!�!!��!�!����!!��!!��!!!�������������������������#��!��!�����!��!��!!!��!�!�����������!��!!!������!����!���!�����!���������� ����!��!��!�����!���!���!���!�!!������!��!�!��������!�!���!���!!�!�������
������!��!��!���!�����!�������!!!!����!!!�������!!�!���!��!����!����������
$%�������
���������#�������&'(����
���
������������	�������������������	
������
�������������
�����������
������������	������������������������������������ ����
�)�	�*���)���+�	�*���)�	���
�)���)���)���+�	�*���)�������)���)��������������������$����������������������������������������$���������
�+�	��
!�+�	���
�,�������������
�)����
!�(�
�&���(�
�-���)�������������������������������������$������������������
������������(
��&����
!�)�������&
��)���+���)�	��
!�)�	�&���*�����������.������������
$������������������ ������������������� $�����������������
�+�	���
�&
��(�
�+�	�����(�
�(�
�����)�	���
�*���+���)����
!������$�������������������$$������������������"��������������������&���(�
�.�����
��
!�������������+�������(�
�*���*���+�	�)���-����"$������������������%�������������������%$������������������#����������
�+�	�+���&
��)�	�����(�
�����+�	�(�
�(�
�,��������������������������������#$������������������/�������������������/$��������
!�+�����
�*���-�����
�.����
!�&
������(�
�(
��)���)���)���(�
������������������������������������$������������������������������)���*���(�
�*�����
���
������������$�������������������� �������
$ ��������0�����
���
������������	�����������



���������	
��������
���������
	�����������	����
����������
�����������
�������������
�����������  ����!�!!�!
�!
��!!�!!�!�!�
!!�!!
!!
�
�!!�!
�!!�

!!�!!
�
��
�!�!!
�!�������" ��!
�!�!
�!�
��

!!��!���

��
�
����!!!
�!!�����!!
�!!
��

�!!���!�������� �!�!�!!!�!���
!�!!
�!
����
�!

�!��



��


��!!

��
����!

!�!�!
�������# �!�!��!!!
��!!����

���
�


!
!�����
!

��!�����
�!�!!��!
�!
�!��!�������� ���
�


�!����

�!�!!��
�
�!


�!���
����!�!�

!

!��
!�!��!�!
!�!�������  ���!�!
�����!�

�!�
�����!!!!!
�!�!!��
�
�!!��!�

!�!�!�
�!
�������������$����� ��$�������$�������%&'��������	����
����������
����� �����������	
��������
���������
	�����������	����
����������
�����������
������������������  ��$�(���(���(���(�����	������������������$������� ��"����������������%&'��������	����
����������
����� �����������	
��������
���������
	�����������	����
����������
�����������
������������������  ��"�)�������*���%	��+���'�	�����*���*���*���%	��*�������*���*���*��������������������$�������������������� �������������������$�������,������������	!�%	���������������� ���������� ��-�������"���������.���������	����
����������
����� �����������	
��������
���������
	�����������	����
����������
�����������
����������!���
�����������  ��-���!!
�
�!
�

!�
�

!
��
�!
�!
�!�

�
�!!
�
��!
�!
�!
��
!
�!
�
!
�������" �

����������������������������������������������������������������������"����� ��#�



�����������������	����
����
���������������������������������������
�����
����������
���������
���������������� ��!�
"�
������������
�#���������$�%���	!��%���	�����������&�������'�!�	"��(!��'�!�)���&���&���&��������������������*����������������������������������������*�����������&���)���%���	"��&���	!��(!������������������������������������������+�������,���������-�����
����
���������������������������������������
�����
����������
���������
���������������� ��!�
"�
������������.�������
�#���������+��
�
���
�
�...�.���

�..��...��
�
.
....
���

�
��
.
����
..

�
��������/������


��
�.������������������������������������������������������������,�����������������������������	����
����
���������������������������������������
�����
����������
���������
���������������� ��!�
"�
������������!���
�#��������������.�)���&!���"��������.�������������������������	!��'���'���'�!������������������*����������������������������������������*�������'�������'���&���	!������'���&�������&���'�!���.���.�'���'���	!������������������������������������*������������������
����������������)���&�������&!����.���.�'�!���.���������'���0�
�'�!�'�!�&!�����������
*���������������������������������������*���������������������.���.�&!����������'���'���'�!�&���	!������'���&���'���&!�������*�������������������**������������������/������������������������&!��0�
�����'�������	!������'���%���'�!�0�
�&!��'�!�'�����.��/*������������������,�������������������,*������������������$������.���.�'�!�&!��'�!�1�������'�!�&���	!��'���'�!�&�������	"�����������������������$*������������������+�������������������+*�������



����������	�����������	��
����
����������
���
����
��������������������������������������������������������������������������������������������������������� ������������!�"��
�#�$
��"����������������
�"��������%����&'���"��	������!�����!�"��
�#�$
��"�(�#�������"�������	�
��
"
����)�'��*�������������������"��"������"�"���"�""�"""�"���""���"����""�����""��"�"�������+�������"���"��"���"������"��������������"������������"�������"����"����������"����"""������������������""�������������""�"�"��������""����"����������,�����"��"�����������������"�����""���"����������������������"���"�"�������*��"�������"�������"�"������""����"�"�����"�"�����"��""�"�"�����"�""������������"��"�"""���"�"���"����"""��"""�""�"�"���������������������������������������������������*���������-������������!�"��
�#�$
��"����������������
�"��������%����&'���"��	������!�����!�"��
�#�$
��"�(�#�������"�������	�
�	�	��)�'��*����������������
����������������
���
�����.
�����������
����������������������������������������������������������������������������������������/�
��
�����������
���

��

���	��
��0���#���0����������������������������������������������������������������������������������

��

��

��

��
���
��0����

���
������������������������������*�����������������������������+�������� ������������!�"��
�#�$
��"����������������
�"��������%����&'���"��	������!�����!�"��
�#�$
��"�(�#�������"�������	�
��
"
����)�'��*����������"����"����������"��""�����������"���"��"�"�����������""����"���������+���"��"�"���������������"�����"��"�"�����""�������������������������������������"���������������������������������������������������������������������+�



�����������������	�������
����������
���������������������������������
����������������
���
�����������
�������������������� ��!�������������� ��������"�����������������#��#����#�#��#�#��������������##�#����������#�#���#��#�����#�������$�������#�#�����#�##�#�#���##���#�#�#�######�#���#�#������#�#####��#����������#�����#����#�#�����������������������������������������������������������	��������	��������	�������%&'��������
���������������������������������
����������������
���
�����������
�������������������� ��!�������������� �����"����������	�'!
�'!
�'!
�%
������%
���
#�%
��%
��'!
�%
������%
��'!
�(������������������������	����������������������������������������	���������
�)���%
��*�����
�*����
#�%
��)�������+ ���
#�%
����������)� �����������������������������������	�������������������������������)� �����,���-���'!
��
#�)� �*�������%!������+ ����������������	���������������������������������������	����������$��������	�������
����������
���������������������������������
����������������
���
�����������
�������������������� ��!��������������#���������"����������$�##�##�##�#�#�������������������������������������������������������������	�


	Abstract
	Description
	Claims
	Drawings
	Gene Sequence

