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BCMA CHIMERIC ANTIGEN RECEPTOR BASED ON SINGLE DOMAIN 

ANTIBODY AND USE THEREOF 

 

TECHNICAL FIELD 

The present application belongs to the field of immune cell therapy, in particular, 

to a BCMA chimeric antigen receptor based on a single domain antibody and use 

thereof. 

BACKGROUND 

Multiple myeloma (MM) is a hematologic tumor occurring in bone marrow, and 

characterized by accumulation of clonal plasma cells. The therapeutic regimen mainly 

focuses on the apoptosis of plasma cells, and/or the reduction of osteoclast activity 

(e.g., chemotherapy, thalidomide, lenalidomide, diphosphate, and/or proteasome 

inhibitor, such as, bortezomib (VELCADE®) or carfilzomib). Currently, multiple 

myeloma is still an intractable disease. Only about 45% of the patients can live over 

five years after diagnosis. Many patients will experience disease relapse after 

treatment suspension, and the 5-year survival rate of patients after relapse is less than 

20%.  

In recent years, chimeric antigen receptor T-cell immunotherapy (CART) has 

become one of the most promising tumor immunotherapies. Chimeric antigen 

receptor consists of one tumor-associated antigen binding domain, a transmembrane 

domain, a co-stimulatory domain, and an intracellular signaling domain. CART cell 

therapy generally expresses the fusion protein of the minimum antibody binding 

fragment for recognizing tumor-associated antigen (single chain fragment variable, or 

scFv) and T cell activation sequence on the surface of T cells by gene transduction 

technology. T cells expressing CAR molecules bind to tumor antigens in an 

antigen-dependent but non-MHC restricted manner to specifically kill tumor cells.  

The effectiveness of CART cell therapy depends on properties like the specificity 

of antibodies recognizing the tumor-associated antigens, the affinity of antigen 
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binding, or the like. Currently, the design of intracellular signaling domain of CART 

cells has become mature, and the design of antigen binding domain has become the 

focus and key of the development of novel CART technology. A minimum and single 

functional domain antibody fragment capable of completely binding to an antigen in 

an alpaca heavy chain antibody (HCAb), namely, a variable region of a heavy chain 

antibody which is free of light chain (also known as VHH), has a simple structure and 

a molecular weight of about 1/10 of that of a common antibody. It can be effectively 

expressed and purified in an in vitro expression system (e.g., E. coli, yeast, eukaryotic 

cells, and plants). It has high specificity, high affinity, low immunogenicity, good 

infiltration, and has a possibility of contacting relatively hidden targets which are 

unlikely to be contacted by conventional antibodies upon tumor treatment. Based on 

these advantages, it is one of the development tendencies of CART cell therapies to 

use single domain antibodies as antigen binding region of CAR to modify CAR. 

For B-cell lineage malignancies, BCMA (B-cell maturation antigen) is a very 

important B-cell biomarker. Its RNA is almost always found in multiple myeloma 

cells, and the protein is also found on the surface of malignant plasma cells in patients 

with multiple myeloma. BCMA is a type III transmembrane protein composed of 185 

amino acid residues, and belongs to TNF receptor superfamily, and its ligand belongs 

to TNF superfamily, such as, proliferation inducing ligand (APRIL) B lymphocyte 

stimulating factor (BAFF). BCMA can activate the proliferation and survival of B 

cells by binding to its ligands. BCMA is highly expressed on the surface of plasma 

cells and multiple myeloma cells, but not expressed in hematopoietic stem cells or 

other normal tissue cells. Therefore, BCMA can be used as an ideal target for targeted 

therapy of MM. 

SUMMARY OF THE INVENTION 

The present application designs a specific single domain antibody as an antigen 

binding region of CAR for use in CAR modifications and CART cell therapies by 

means of genetic engineering, and proposes a specific chimeric antigen receptor 

(CAR) based on a single domain antibody, which includes a target binding domain, a 



3 

0087-PA-003SG 

transmembrane domain, one or more co-stimulatory domains, and an intracellular 

signaling domain, wherein the extracellular domain is a fragment of antigen binding 

which can bind to human BCMA (B cell mature antigen).  

In an aspect, the present application provides a chimeric antigen receptor (CAR), 

including: BCMA binding domain, a transmembrane domain, one or more 

co-stimulatory domains, and an intracellular signaling domain; wherein the BCMA 

binding domain includes a heavy chain complementary determining region 1 

(HCDR1), a heavy chain complementary determining region 2 (HCDR2), and a heavy 

chain complementary determining region 3 (HCDR3), wherein the amino acid 

sequence of the HCDR1 is as set forth in SEQ ID NO: 1, the amino acid sequence of 

the HCDR2 is as set forth in SEQ ID NO: 2, and the amino acid sequence of the 

HCDR3 is as set forth in SEQ ID NO: 3. 

In some embodiments, the BCMA binding domain is a single domain antibody.  

In some embodiments, the BCMA binding domain includes an amino acid 

sequence as set forth in SEQ ID NO:4 or a functional variant thereof.  

In some embodiments, the transmembrane domain includes a polypeptide 

derived from a protein selected from the group consisting of α, β, or ζ chain of a T-cell 

receptor, CD28, CD3e, CD45, CD4, CD5, CD8a, CD9, CD16, CD22, CD33, CD37, 

CD64, CD80, CD86, CD134, CD137, and CD154.  

In some embodiments, the transmembrane domain comprises an amino acid 

sequence as set forth in SEQ ID NO:5 or a functional variant thereof.  

In some embodiments, the BCMA binding domain is linked to the 

transmembrane domain via a hinge region.  

In some embodiments, the hinge region comprises an amino acid sequence as set 

forth in SEQ ID NO:6 or a functional variant thereof.  

In some embodiments, the one or more co-stimulatory domains are derived from 

a co-stimulatory molecule selected from the group consisting of CARD11, CD2, CD7, 



4 

0087-PA-003SG 

CD27, CD28, CD30, CD40, CD54 (ICAM), CD83, CD134 (OX40), CD137 (4-1BB), 

CD150 (SLAMF1), CD152 (CTLA4), CD223 (LAG3), CD270 (HVEM), CD273 

(PD-L2), CD274 (PD-L1), CD278 (ICOS), DAP10, LAT, NKG2C, SLP76, TRIM, 

and ZAP70.  

In some embodiments, the co-stimulatory domain comprises an amino acid 

sequence as set forth in SEQ ID NO:7 or a functional variant thereof.  

In some embodiments, the intracellular signaling domain comprises a signaling 

domain of CD3ζ.  

In some embodiments, the intracellular signaling domain comprises an amino 

acid sequence as set forth in SEQ ID NO:8 or a functional variant thereof.  

In some embodiments, the CAR further comprises a leader sequence, and the 

leader sequence comprises an amino acid sequence as set forth in SEQ ID NO:9 or a 

functional variant thereof.  

In some embodiments, the CAR comprises an amino acid sequence as set forth in 

SEQ ID NOs:10-11 or a functional variant thereof.  

In another aspect, the present application provides an isolated nucleic acid 

molecule encoding the CAR.  

In some embodiments, the nucleic acid molecule comprises a nucleic acid 

sequence as set forth in SEQ ID NOs:12-13 or a functional variant thereof.  

In another aspect, the present application provides a vector comprising the 

nucleic acid molecule.  

In some embodiments, the vector is selected from DNA vectors, RNA vectors, 

plasmids, lentiviral vectors, adenoviral vectors, and retroviral vectors.  

In some embodiments, the vector further comprises an EF1 promoter, the EF1 

promoter comprises a sequence as set forth in SEQ ID NO:14.  
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In another aspect, the present application provides an immune effector cell 

comprising the CAR, the nucleic acid molecule, or the vector. 

In some embodiments, the immune effector cell is selected from T lymphocytes 

and natural killer (NK) cells. 

In another aspect, the present application provides a method of preparing an 

immune effector cell including introducing the vector into an immune effector cell.  

In some embodiments, in the method, the immune effector cell is selected from T 

lymphocytes and natural killer (NK) cells. 

In another aspect, the present application provides a composition including the 

immune effector cell. 

In another aspect, the present application provides use of the CAR, the nucleic 

acid molecule, the vector, or the immune effector cell in manufacture of a drug for 

treating a disease or disorder associated with the expression of BCMA. 

In another aspect, the present application provides the CAR, the nucleic acid 

molecule, the vector, or the immune effector cell for treating a disease or disorder 

associated with the expression of BCMA. 

In another aspect, the present application provides a method of treating a disease 

or disorder associated with the expression of BCMA including the step of 

administering the CAR, the nucleic acid molecule, the vector, or the immune effector 

cell to a subject.  

In some embodiments, the disease or disorder associated with the expression of 

BCMA is cancer or malignant tumor. In some embodiments, the disease or disorder 

associated with the expression of BCMA is selected from the group consisting of B 

cell acute lymphoblastic leukemia, T cell acute lymphoblastic leukemia, acute 

lymphoblastic leukemia, chronic myeloid leukemia, chronic lymphocytic leukemia, B 

cell prolymphocytic leukemia, blast cell plasmacytoid dendritic cytoma, Burkitt's 

lymphoma, diffuse large B cell lymphoma, follicular lymphoma, hairy cell leukemia, 
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small or large cell follicular lymphoma, malignant lymphoproliferative condition, 

MALT lymphoma, mantle cell lymphoma, marginal zone lymphoma, multiple 

myeloma, myelodysplasia, and myelodysplastic syndrome, non-Hodgkin lymphoma, 

plasmablast lymphoma, plasmacytoid dendritic cytoma, Waldenstrom 

macroglobulinemia, prostatic cancer, pancreatic cancer, lung cancer, myeloma, 

MGUS, plasmacytoma, systemic amyloid light chain amyloidosis, and POEMS 

syndrome. 

Innovation and beneficial effects of the present application:  

The applicant has designed a single domain antibody comprising a specific 

amino acid sequence by means of genetic engineering, and constructed a chimeric 

antigen receptor (CAR) by using the single domain antibody as a binding domain 

(BCMA binding domain). It has been found through research that the immune cells 

(e.g., CART cells) comprising the chimeric antigen receptor have strong killing ability 

and specificity to related tumors. In particular, the CAR efficiently transduces healthy 

human T lymphocytes in vitro, and produces a strong killing effect on BCMA-positive 

target cells; and in the in vivo experiments, it also shows a strong killing effect: a 

mouse model bearing a primary myeloma is established for detection by using 

MM.1S cells transfected with luciferase, and after 3 days of administration, most of 

the fluorescence disappears, indicating that the CART cells have excellent therapeutic 

effects in vivo. 

Moreover, the immune cells comprising the chimeric antigen receptor of the 

present application exhibit excellent targeting in vitro. They have a very strong killing 

ability on cells that positively express BCMA, and substantially no killing effect on 

cells that do not express BCMA. In addition, they also exhibit excellent tumor 

targeting in the in vivo experiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG. 1 shows a flow cytometry result of the expression of the chimeric antigen 

receptor in the immune cells comprising the chimeric antigen receptor of the present 

application.  

FIG. 2 shows a flow cytometry result of the BCMA expression abundance on the 

surface of multiple myeloma MM.1S cells (left panel), and myeloid leukemia K562 

cells (right panel).  

FIGs. 3A -3B show a result of the killing rate of target cells after co-incubation 

of tumor cells and the immune cells comprising the chimeric antigen receptor of the 

present application.  

FIGs. 4A-4B show results of detecting the cytokine level in supernatant by an 

ELISA method after co-incubation of tumor cells and the immune cells comprising 

the chimeric antigen receptor of the present application.  

FIG. 5 shows a detection result of the treatment of tumor-bearing mice with the 

immune cells comprising the chimeric antigen receptor of the present application.  

FIG. 6 shows a detection result of the treatment of tumor-bearing mice with the 

immune cells comprising the chimeric antigen receptor of the present application. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

The applicant has designed a specific single domain antibody as an antigen 

binding region of CAR for CAR modification and CART cell therapy by means of 

genetic engineering, and proposed a specific chimeric antigen receptor (CAR) based 

on a single domain antibody including an extracellular domain, a transmembrane 

domain, and an intracellular domain, wherein the extracellular domain is an antigen 

binding fragment that can bind to human BCMA (B cell mature antigen) selected 

from Alpaca single domain antibody (sdAb, nano antibody). 

In the present application, the term “CDR” generally refers to a complementary 

determining region which is mainly responsible for binding to antigen epitopes. The 

CDRs of heavy chain are generally called HCDR1, HCDR2, and HCDR3, which are 
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sequentially numbered from the N-terminal. In the present application, the CDRs can 

be defined or identified by conventional means, e.g., according to the method 

disclosed in Kabat et al.(Wu,TT, and Kabat,E.A.,J Exp Med.132 (2):211-50, (1970); 

Borden,P., and Kabat E.A., PNAS,84:2440-2443 (1987), or the method disclosed in 

Chothia et al.(Chothia,C., and Lesk,A.M.,J Mol.Biol.,196 (4):901-917 (1987).  

In the present application, the term “single domain antibody (sdAb)” generally 

refers to an antibody fragment composed of a variable region of an antibody heavy 

chain (VH domain), or a variable region of an antibody light chain (VL domain) (Holt, 

L. et al., Trends in Biotechnology, 21 (11):484-490), which is also known as 

Nanobody. The single domain antibody is only about 12-15kDa. The first single 

domain antibody, also known as “VHH segment”, was prepared by artificial 

engineering from the heavy chain antibody of alpaca. In the present application, the 

single domain antibody can be a single domain antibody of alpaca. For example, the 

VHH segment can refer to the known minimum antigen binding unit of the heavy 

chain antibody (Koch-Nolte et al., FASEB J., 21:3490-3498 (2007)).  

In the present application, the term “transmembrane domain” can be 

interchangeably used with “transmembrane region (briefly, TM)”, and refers to a part 

of the CAR which fuses the extracellular binding portion to the intracellular signaling 

domain, and anchors the CAR to the plasma membrane of immune effector cells. The 

transmembrane region can be either derived from naturally occurring proteins, or 

obtained by synthesis, semi-synthesis, or recombination. The TM domain can include 

at least the transmembrane domain of the following proteins: α-, β-, or ζ-chain of a T 

cell receptor, CD3ε, CD3ζ, CD4, CD5, CD8α, CD9, CD16, CD22, CD27, CD28, 

CD33, CD37, CD45, CD64, CD80, CD86, CD134, CD137, CD152, CD154, and PD1. 

In the present application, the transmembrane domain can include a polypeptide 

derived from a protein selected from α, β, or ζ chain of a T-cell receptor, CD28, CD3e, 

CD45, CD4, CD5, CD8a, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86, 

CD134, CD137, and CD154.  
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In the present application, the term “intracellular signaling domain” is generally 

a part of the CAR which is involved in the transduction of information of effective 

anti-BCMA CAR binding to human BCMA polypeptide into the interior of immune 

effector cells, so as to trigger the functions of the effector cells, e.g., activation, 

production of cytokines, proliferation, and cytotoxic activity, including the release of 

cytotoxic factors to the CAR-binding target cells, or other cell responses induced by 

antigens binding to the extracellular CAR domain. In the present application, the 

intracellular signaling domain can comprise a signaling domain of CD3ζ.  

In the present application, the term “BCMA” generally refers to a cellular mature 

antigen which belongs to a member of tumor necrosis factor receptor superfamily (see, 

Thompson et al., J.Exp.Medicine, 192 (1):129-135, 2000). BCMA can bind to B cell 

activation factors (BAFFs) and proliferation inducing ligands (APRILs) (see Kalled et 

al., Immunological Reviews, 204:43-54, 2005). In non-malignant cells, it has been 

reported that BCMAs are mainly expressed in a subset of plasmacytes, and mature B 

cells (see Laabi et al., EMBO J., 77 (1):3897-3904, 1992; Laabi et al., Nucleic Acids 

Res., 22 (7):1147-1154, 1994; Kalled et al., 2005; O'Connor et al., J.Exp.Medicine, 

199 (1):91-97, 2004; and Ng et al., J.Immunol., 73 (2):807-817, 2004). BCMA RNAs 

are commonly detected in multiple myeloma cells and other lymphomas, and some 

researchers have detected the BCMA protein on the surface of plasmacytes from 

patients with multiple myeloma (see Novak et al., Blood, 103 (2):689-694, 2004; Neri 

et al., Clinical Cancer Research, 73 (19):5903-5909, 2007; Bellucci et al., Blood, 105 

(10):3945-3950, 2005; and Moreaux et al., Blood, 703 (8):3148-3157, 2004). Thus, 

BCMA can be used as a potential therapeutic target of malignant tumors (e.g., 

multiple myeloma).  

In the present application, the term “BCMA binding domain” generally refers to 

including a humanized anti-BCMA antibody which can specifically bind to the 

BCMA polypeptide expressed on B cells, or an antigen binding fragment thereof. In 

the present application, the binding domain can be derived from naturally occurring 

sources, synthetic sources, semi-synthetic sources, or recombinant sources. In the 
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present application, the extracellular binding domain can include an antibody against 

BCMA, or an antigen binding fragment thereof. Of those, the “antibody” can be a 

polypeptide including at least a light chain or a heavy chain immunoglobulin variable 

region which specifically recognizes and binds to an epitope of an antigen (e.g., 

BCMA), such as, antigenic determinant-containing peptides, lipids, polysaccharides, 

or nucleic acids (e.g., those recognized by immune cells).  

In the present application, the term “co-stimulatory domain” generally refers to 

an intracellular signaling domain of a co-stimulatory molecule. For example, the 

co-stimulatory molecule can be a cell surface molecule other than antigen receptor or 

Fc receptor which can provide a second signal required by the effective activation and 

functions of T lymphocytes. For example, the co-stimulatory domain can be selected 

from the group consisting of CARD11, CD2, CD7, CD27, CD28, CD30, CD40, CD54 

(ICAM), CD83, CD134 (OX40), CD137 (4-1BB), CD150 (SLAMF1), CD152 

(CTLA4), CD223 (LAG3), CD270 (HVEM), CD273 (PD-L2), CD274 (PD-L1), 

CD278 (ICOS), DAP10, LAT, NKD2C SLP76, TRIM, and ZAP70.  

In the present application, the term “hinge region” generally refers to a domain in 

a chimeric antigen receptor that locates the binding domain away from the surface of 

effector cells so as to play a proper role in cell/cell contact, antigen binding and 

activation. In the present application, the hinge region can be located between the 

binding domain and the transmembrane domain. The hinge region can be derived 

from naturally occurring sources, synthetic sources, semi-synthetic sources, or 

recombinant sources. The hinge domain can comprise an amino acid sequence of a 

naturally occurring immunoglobulin hinge region or an artificially modified 

(including deleted, substituted, or inserted) immunoglobulin hinge region.  

In the present application, the term “leader sequence” generally refers to a 

sequence located before the coding region of the structural gene that can be 

transcribed but cannot be translated. In the present application, the leader sequence 

can start from the 5’ end to the first coder of the gene encoding the chimeric antigen 
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receptor. In the present application, the leader sequence comprises an amino acid 

sequence as set forth in SEQ ID NO:9 or a functional variant thereof.  

In the present application, the term "functional variant" generally refers to an 

amino acid sequence having substantially the same functions therewith (e.g., having 

the properties of the chimeric antigen receptor), and having at least 85% (e.g., at least 

85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, 

at least 96%, at least 97%, at least 98%, at least 99%, or at least 100%) sequence 

identity therewith. In some embodiments, the variant of the amino acid sequence is an 

amino acid sequence having substantially the same functions therewith (e.g., having 

the properties of the chimeric antigen receptor), and including one or more (e.g., 1-2, 

1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, or more) substitutions, deletions, or additions of 

amino acids on the basis of the amino acid sequence. 

In the present application, the term “lentiviral vector” generally refers to a gene 

therapy vector developed on the basis of virus. In the present application, the virus 

can be human immunodeficiency virus (HIV), simian immunodeficiency virus (SIV), 

equine infectious anemia (EIA), or feline immunodeficiency virus (FIV). The 

lentiviral vector has the ability to infect both mitotic cells and non-mitotic cells, can 

effectively infect almost all the mammalian cells including neurons, hepatocytes, 

cardiomyocytes, tumor cells, endothelial cells, stem cells and the like, and has high 

infection efficiency. 

In the present application, the term “EF1 promoter” generally refers to a 

promoter that can constantly keep the transcriptional level of the regulated target gene 

at a certain level. In the present application, the EF1 promoter can comprise a 

sequence as set forth in SEQ ID NO:14. In the present application, the expression 

level of the chimeric antigen receptor regulated by the EF1 promoter can be 

upregulated or down-regulated by at most 5%, at most 4%, at most 3%, at most 2%, at 

most 1%, at most 0.5%, at most 0.1%, at most 0.01%, or less. In the present 

application, the EF1 promoter can be located upstream of the nucleic acid encoding 

the chimeric antigen receptor.  
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In the present application, the term “T lymphocytes” generally refers to those 

including thymocytes, immature T lymphocytes, mature T lymphocytes, resting T 

lymphocytes, or activated T lymphocytes. T cells can be helper T(Th) cells, such as, 

helper T1 (Th1) cells, or helper T2 (Th2) cells. T cells can be helper T cells (HTL; 

CD4+T cells) CD4+T cells, cytotoxic T cells (CTL; CD8+T cells), CD4+CD8+T cells, 

or CD4-CD8-T cells. Alternatively, the T lymphocytes can include native T cells and 

memory T cells. 

In the present application, the term “natural killer cells” generally refers to a 

subtype of white blood cells which is a component of the innate immune system. NK 

cells play an important role in host rejection of tumors and virus-infected cells. NK 

cells have cytotoxicity and induce the apoptosis. NK cells can be used to inhibit virus 

infection, and produce antigen-specific cytotoxic T cells by adaptive immune 

response, thereby eliminating infection. 

In the present application, the term “tumor” generally refers to neogrowths 

formed by the clonal abnormal proliferation of a certain cell in local tissue that loses 

the normal growth regulation at the gene level under the action of various 

carcinogenic factors. It is also called neoplasm because such neogrowth mostly 

presents occupying massive bumps. In the present application, the cancer can include 

squamous cell carcinoma, lung cancer (including small cell lung cancer, non-small 

cell lung cancer, lung adenocarcinoma, and lung squamous cell carcinoma), peritoneal 

carcinoma, hepatocellular carcinoma, gastric carcinoma or gastric cancer (including 

gastrointestinal cancer), pancreatic cancer, glioblastoma, cervical cancer, ovarian 

cancer, liver cancer, bladder cancer, liver cancer, breast cancer, colon cancer, 

colorectal cancer, endometrial or uterine cancer, salivary gland cancer, kidney or renal 

cancer, liver cancer, prostate cancer, vulvar cancer, thyroid cancer, liver cancer, head 

and neck cancer, B-cell lymphoma (including low-grade/follicular NHL), small 

lymphocytic (SL) NHL, intermediate/follicular NHL, medium-grade diffuse NHL, 

advanced immunoblastic NHL, advanced lymphocytic NHL, advanced small non 

cleaved cell NHL, AIDS-related lymphoma, Waldenstrom’s macroglobulinemia, 
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chronic lymphocytic leukemia (CLL), acute lymphocytic leukemia (ALL), hairy cell 

leukemia, chronic myeloblastosis, and post-transplant lymphoproliferative disease 

(PTLD). In the present application, the cancer can comprise cancers or malignant 

tumors associated with the expression of BCMA. For example, the cancer can be 

selected from the group consisting of B cell acute lymphoblastic leukemia, T cell 

acute lymphoblastic leukemia, acute lymphoblastic leukemia, chronic myeloid 

leukemia, chronic lymphocytic leukemia, B cell prolymphocytic leukemia, blast cell 

plasmacytoid dendritic cytoma, Burkitt's lymphoma, diffuse large B cell lymphoma, 

follicular lymphoma, hairy cell leukemia, small or large cell follicular lymphoma, 

malignant lymphoproliferative condition, MALT lymphoma, mantle cell lymphoma, 

marginal zone lymphoma, multiple myeloma, myelodysplasia, and myelodysplastic 

syndrome, non-Hodgkin lymphoma, plasmablast lymphoma, plasmacytoid dendritic 

cytoma, Waldenstrom macroglobulinemia, prostatic cancer, pancreatic cancer, lung 

cancer, myeloma, MGUS, plasmacytoma, systemic amyloid light chain amyloidosis, 

and POEMS syndrome. 

The present application provides a chimeric antigen receptor (CAR) comprising 

a BCMA binding domain, a transmembrane domain, one or more co-stimulatory 

domain, and an intracellular signaling domain; wherein the BCMA binding domain 

includes a heavy chain complementary determining region 1 (HCDR1), a heavy chain 

complementary determining region 2 (HCDR2), and a heavy chain complementary 

determining region 3 (HCDR3), wherein the amino acid sequence of the HCDR1 is as 

set forth in SEQ ID NO: 1, the amino acid sequence of the HCDR2 is as set forth in 

SEQ ID NO: 2, and the amino acid sequence of the HCDR3 is as set forth in SEQ ID 

NO: 3. 

In the present application, the BCMA binding domain can bind to or be 

associated with BCMA with Ka (that is, an equilibrium association constant of binding 

interaction at 1/M) of greater than or equal to about 105M-1 (e.g., greater than or equal 

to about 105M-1, greater than or equal to about 106M-1, greater than or equal to about 

107M-1, greater than or equal to about 108M-1, greater than or equal to about 109M-1, 
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greater than or equal to about 1010M-1, greater than or equal to about 1011M-1, greater 

than or equal to about 1012M-1, greater than or equal to about 1013M-1 or greater), or 

with a dissociation equilibrium constant Kd  of less than or equal to about 10-5M (e.g., 

less than or equal to about 10-5M, less than or equal to about 10-6M, less than or equal 

to about 10-7M, less than or equal to about 10-8M, less than or equal to about 10-9M, 

less than or equal to about 10-10M, less than or equal to about 10-11M, less than or 

equal to about 10-12M, less than or equal to about 10-13M or less).  

In the present application, the affinity between the BCMA binding domain and 

BCMA can be determined by conventional techniques in the art, for example, by 

competitive ELISA (enzyme-linked immunosorbent assay), or by binding association, 

or by displacement assay using labeled ligands, or by using surface plasmon 

resonance (such as Biacore T100, which can be obtained from Biacore, Inc., 

Piscataway, NJ), or optical biosensor technology. 

In the present application, the BCMA binding domain can be a single domain 

antibody. The BCMA binding domain suitable for constructing the chimeric antigen 

receptor of the present application includes, but is not limited to, an amino acid 

sequence as set forth in SEQ ID NO:4 or a functional variant thereof. Of those, the 

functional variant is selected from the group consisting of proteins or polypeptides 

formed by substituting, deleting or adding one or more amino acids in the BCMA 

binding domain; and proteins or polypeptides having 90% or above (e.g., at least 

about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, 

about 97%, about 98%, about 99% or greater) sequence homology with the BCMA 

binding domain.  

In the present application, the transmembrane domain can comprise a 

polypeptide derived from a protein selected from the group consisting of α, β, or ζ 

chain of a T-cell receptor, CD28, CD3ζ, CD45, CD4, CD5, CD8α, CD9, CD16, CD22, 

CD33, CD37, CD64, CD80, CD86, CD134, CD137, and CD154. In the present 

application, the transmembrane domain can be derived from transmembrane domain 

of CD8α. In the present application, the transmembrane domain can comprise an 
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amino acid sequence as set forth in SEQ ID NO:5 or a functional variant thereof. Of 

those, the functional variant is selected from the group consisting of proteins, or 

polypeptides formed by substituting, deleting, or adding one or more amino acids in 

the transmembrane domain; and proteins, or polypeptides having 90%, or above (e.g., 

at least about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 

96%, about 97%, about 98%, about 99% or greater) sequence homology with the 

transmembrane domain. 

In the present application, the BCMA binding domain can be linked to the 

transmembrane domain via a hinge region. In the present application, the CAR can 

comprise one or more of the hinge regions between the BCMA binding domain and 

the transmembrane domain. The hinge region can comprise some mutations, or 

substitutions of amino acids, e.g., those in which a proline residue is mutated to, or 

substituted with another amino acid residue (e.g., a serine residue). In the present 

application, the hinge region can comprise an amino acid sequence as set forth in SEQ 

ID NO:6 or a functional variant thereof. Of those, the functional variant is selected 

from the group consisting of proteins or polypeptides formed by substituting, deleting 

or adding one or more amino acids of the hinge region; and proteins or polypeptides 

having 90% or above (e.g., at least about 90%, about 91%, about 92%, about 93%, 

about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, or greater) 

sequence homology with the hinge region.  

In the present application, the co-stimulatory domain can function in an 

antigen-independent (e.g., BCMA-independent) manner to provide a secondary, or 

co-stimulatory signal. In the present application, the CAR can comprise one or more 

of the co-stimulating domains. The plurality of co-stimulatory domains can enhance 

the potency, and multiplication capacity of immune cells (e.g., T cells, and NK cells) 

expressing the CAR. For example, the co-stimulatory domain can be linked to the 

C-terminal of the transmembrane domain. In the present application, the one or more 

of the co-stimulatory domains can be derived from a co-stimulating molecule selected 

from CARD11, CD2, CD7, CD27, CD28, CD30, CD40, CD54 (ICAM), CD83, 
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CD134 (OX40), CD137 (4-1BB), CD150 (SLAMF1), CD152 (CTLA4), CD223 

(LAG3), CD270 (HVEM), CD273 (PD-L2), CD274 (PD-L1), CD278 (ICOS), 

DAP10, LAT, NKG2C, SLP76, TRIM, and ZAP70. In the present application, the 

co-stimulatory domain can be derived from CD137. In the present application, the 

co-stimulatory domain can comprise an amino acid sequence as set forth in SEQ ID 

NO:7 or a functional variant thereof. Of those, the functional variant is selected from 

the group consisting of proteins or polypeptides formed by substituting, deleting or 

adding one or more amino acids in the co-stimulatory domain; and proteins or 

polypeptides having 90  or above (e.g., at least about 90 , about 91 , about 92 , 

about 93 , about 94 , about 95 , about 96 , about 97 , about 98 , about 99  

or greater) sequence homology with the co-stimulatory domain. 

In the present application, the intracellular signaling domain can be primarily 

activated by TCR (e.g., TCR/CD3 complex) in an antigen-dependent manner. In the 

present application, the intracellular signaling domain can be derived from TCRζ, 

FcRγ, FcRβ, CD3γ, CD3δ, CD3ε, CD3ζ, CD22, CD79a, CD79b, and CD66d. In the 

present application, the intracellular signaling domain can comprise a signaling 

domain of CD3ζ. For example, the intracellular signaling domain comprises an amino 

acid sequence as set forth in SEQ ID NO:8 or a functional variant thereof. Of those, 

the functional variant is selected from the group consisting of proteins or polypeptides 

formed by substituting, deleting or adding one or more amino acids in the intracellular 

signaling domain; and proteins or polypeptides having 90  or above (e.g., at least 

about 90 , about 91 , about 92 , about 93 , about 94 , about 95 , about 96 , 

about 97 , about 98 , about 99  or greater) sequence homology with the 

intracellular signaling domain. 

In the present application, the CAR can further include a leader sequence. For 

example, the leader sequence can comprise an amino acid sequence as set forth in 

SEQ ID NO:9 or a functional variant thereof. Of those, the functional variant is 

selected from the group consisting of proteins or polypeptides formed by substituting, 

deleting or adding one or more amino acids in the leader sequence; and proteins or 
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polypeptides having 90% or above (e.g., at least about 90%, about 91%, about 92%, 

about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, or 

greater) sequence homology with the leader sequence. 

In the present application, the CAR can comprise a linker between respective 

domains. For example, a linker is incorporated for achieving a proper spacing and 

configuration between respective domains. For example, the linker can link the 

transmembrane domain to the intracellular signaling domain. In the present 

application, the linker can comprise the following amino acid sequences: GGG, 

(GGGGS)n, and GGRRGGGS.  

In the CAR of the present application, the transmembrane domain can be derived 

from CD8α, the co-stimulatory domain can be derived from CD137, and the 

intracellular signaling domain can be derived from CD3ζ.  

In the present application, the CAR can comprise a BCMA binding domain 

including an HCDR1 having an amino acid sequence as set forth in SEQ ID NO:1, an 

HCDR2 having an amino acid sequence as set forth in SEQ ID NO:2, and an HCDR3 

having an amino acid sequence as set forth in SEQ ID NO:3, a transmembrane 

domain having an amino acid sequence as set forth in SEQ ID NO:5, a hinge region 

having an amino acid sequence as set forth in SEQ ID NO:6, a co-stimulatory domain 

having an amino acid sequence as set forth in SEQ ID NO:7, an intracellular signaling 

domain having an amino acid sequence as set forth in SEQ ID NO:8, and a leader 

sequence having an amino acid sequence as set forth in SEQ ID NO:9. 

In the present application, the CAR can comprise a BCMA binding domain 

including an amino acid sequence as set forth in SEQ ID NO:4, a transmembrane 

domain including an amino acid sequence as set forth in SEQ ID NO:5, a hinge region 

including an amino acid sequence as set forth in SEQ ID NO:6, a co-stimulatory 

domain including an amino acid sequence as set forth in SEQ ID NO:7, an 

intracellular signaling domain including an amino acid sequence as shown in SEQ ID 
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NO:8, and a leader sequence including an amino acid sequence as set forth in SEQ ID 

NO:9. 

In present application, the CAR comprises an amino acid sequence as set forth in 

SEQ ID NOs:10-11 or a functional variant thereof. Of those, the functional variant is 

selected from the group consisting of proteins or polypeptides formed by substituting, 

deleting or adding one or more amino acids in the CAR; and proteins or polypeptides 

having 90% or above (e.g., at least about 90%, about 91%, about 92%, about 93%, 

about 94%, about 95%, about 96%, about 97%, about 98%, about 99% or greater) 

sequence homology with the CAR. 

The present application provides an isolated nucleic acid molecule which can 

encode the CAR. 

In the present application, the nucleic acid molecule can comprise a nucleic acid 

sequence as set forth in SEQ ID NOs:12-13 or a functional variant thereof. For 

example, the functional variant can include a polynucleotide having at least about 

50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 

100% sequence identity with the sequence of SEQ ID NOs:12-13, or a variant, as long 

as it can still encode the CAR.  

The present application provides a vector which can comprise the nucleic acid 

molecule. 

In the present application, the vector can include one or more of replication 

origin, selection box, promoter, enhancer, translation initiation signal (Shine Dalgarno 

sequence, or Kozak sequence), intron, polyadenylation sequence, 5' and 3' 

untranslated region. For example, the vector can comprise an EF1 promoter and the 

EF1 promoter can comprise a sequence as set forth in SEQ ID NO:14. In the present 

application, the vector can be selected from plasmids, phages, artificial chromosomes 

(e.g., yeast artificial chromosome, YAC), and animal virus. For example, the vector 

can be selected from DNA vectors, RNA vectors, plasmids, lentiviral vectors, 

adenoviral vectors, and retroviral vectors. 
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The present application provides an immune effector cell which can comprise the 

CAR, the nucleic acid molecule, or the vector. 

In the present application, the immune effector cell can be selected from T 

lymphocytes, and natural killer (NK) cells. 

In the present application,  

The present application provides a method of preparing an immune effector cell 

including introducing the vector into an immune effector cell. For example, the CAR 

is introduced into and expressed in the immune cells, so as to re-target the CAR 

specifically to the target antigen (e.g., BCMA). In the present application, the immune 

effector cell can be selected from T lymphocytes, and natural killer (NK) cells. In the 

present application, the method can include a step of obtaining immune effector cells 

from a subject. For example, the T lymphocytes can be obtained from peripheral 

blood mononuclear cells, bone marrow, lymph node tissue, umbilical cord blood, 

thymus tissue, tissue from the site of infection, ascites, pleural effusion, spleen tissue, 

and tumor. Moreover, the method can further include a step of selecting a specific cell 

subset from the immune effector cell. For example, a specific T cell subset can be 

selected in accordance with the specific expression of CD3, CD28, CD4, CD8, 

CD45RA, and CD45RO. 

The present application provides a composition which can comprise the immune 

effector cell. 

In the present application, the composition can comprise pharmaceutically 

acceptable carriers. The pharmaceutically acceptable carriers can be selected from the 

group consisting of excipients, glidants, sweeteners, diluents, preservatives, 

dyes/colorants, flavor enhancers, surfactants, wetting agents, dispersants, suspension 

agents, stabilizers, isotonic agents, solvents, surfactants, and emulsifiers. 

In the present application, the composition can further include additional active 

ingredients, such as, one or more of cytokines, growth factors, hormones, small 

molecular chemical active ingredients, prodrugs, and antibodies. 
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In the present application, the amount of the immune effector cells in the 

composition can be the effective amount. The effective amount can be the minimum 

amount that can achieve the beneficial, or desired prophylactic, or therapeutic effect. 

For example, the effective amount can be influenced by the severity of disease, age, 

weight, sex, or other factors of the subject.  

The present application provides use of the CAR, the nucleic acid molecule, the 

vector, or the immune effector cell in manufacture of a drug for treating a disease or 

disorder associated with the expression of BCMA. 

The present application provides the CAR, the nucleic acid molecule, the vector 

or the immune effector cell for treating a disease or disorder associated with the 

expression of BCMA. 

The present application provides a method of treating a disease or disorder 

associated with the expression of BCMA including the step of administering the CAR, 

the nucleic acid molecule, the vector or the immune effector cell to a subject. 

In the present application, the disease or disorder associated with the expression 

of BCMA is cancer or malignant tumor. In the present application, the disease or 

disorder associated with the expression of BCMA is selected from the group 

consisting of B cell acute lymphoblastic leukemia, T cell acute lymphoblastic 

leukemia, acute lymphoblastic leukemia, chronic myeloid leukemia, chronic 

lymphocytic leukemia, B cell prolymphocytic leukemia, blast cell plasmacytoid 

dendritic cytoma, Burkitt's lymphoma, diffuse large B cell lymphoma, follicular 

lymphoma, hairy cell leukemia, small or large cell follicular lymphoma, malignant 

lymphoproliferative condition, MALT lymphoma, mantle cell lymphoma, marginal 

zone lymphoma, multiple myeloma, myelodysplasia, and myelodysplastic syndrome, 

non-Hodgkin lymphoma, plasmablast lymphoma, plasmacytoid dendritic cytoma, 

Waldenstrom macroglobulinemia, prostatic cancer, pancreatic cancer, lung cancer, 

myeloma, MGUS, plasmacytoma, systemic amyloid light chain amyloidosis, and 

POEMS syndrome. 
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In the present application, the administration mode of the drug can include 

aerosol inhalation, injection, ingestion, infusion, implantation, or transplantation. For 

example, the injection can include intravascular, intravenous, intramuscular, 

intraarterial, intrathecal, intracapsular, intraorbital, intratumoral, intracardiac, 

intradermal, intraperitoneal, transtracheal, subcutaneous, subepidermal, intraarticular, 

subcapsular, subarachnoid, intraspinal, and intrasternal injections, or can be direct 

injection into tumor or lymph node. 

Hereinafter the present application is further illustrated by detailed examples. It 

should be understood that the following examples are merely for the purpose of 

illustrating the present application, and do not limit the content of the invention.  

EXAMPLES  

Example 1 Obtainment of VHH Gene of BCMA Single Domain Antibody 

1) Construction of BCMA single domain antibody library 

Healthy adult alpacas were immunized by subcutaneous multiple injections in 

the neck and back with the BCMA antigen purchased from Beijing Yiqiao Shenzhou 

Ltd. Upon immunization, the antigen and an equal volume of Freund's adjuvant were 

added for 4-6 immunizations. The mass absorption at the injection sites were tracked 

and observed to confirm the correct immunization. The interval between 

immunizations was 7-15 days. After the fourth immunization, blood samples were 

collected to determine the immune titer of the antigen. When the titer reached more 

than 10000 times (ELISA method), a blood sample (about 100 ml) was collected to 

isolate lymphocytes for extracting RNAs, which were reverse transcribed to cDNA. 

The variable region fragment VHH of alpaca heavy chain antibody was amplified by 

PCR for twice. The VHH fragment was constructed into the phage display library, and 

the product of gene fragment carrying a single domain antibody was transformed into 

competent cells, so as to obtain a single domain antibody immune library. 

2) Screening of BCMA single domain antibody 
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Single domain antibody molecules were displayed on the surface of phage by a 

phage display technology, and then screened to obtain antigen-specific single domain 

antibodies. By phage enzyme linked immunosorbent assay (ELISA), the antigen was 

diluted with 100 mM NaHCO3 (pH 8.0) to a final concentration of 100 μg/mL, and 

100 μL was coated into a 96-well plate, stood overnight at 4 ℃. After washing with 

PBS, and sealing with 1% skim milk, the phages were added to incubate for 1-2 hours. 

Then, the antigen-specific phages were eluted, and infected TG1 cells, which were 

coated and cultured on an LB culture plate containing ampicillin. By several rounds of 

screening, concentration was gradually achieved. A large number of positive clones 

were selected for ELISA detection, and the positive clones were sequenced. 

According to the sequence alignment, the unique clones were identified, and divided 

into the frame region (FR), and the complementary determining region (CDR). 

The clones with correct sequencing were inoculated in 5mL of LB medium 

containing ampicillin, and cultured overnight at 37 ℃ in a shaker. 1 mL of bacterial 

solution was inoculated into 300 mL of LB medium, and cultured at 37 ℃ in a shaker 

until OD600nm = 0.6-0.9. 1M IPTG was added and cultured overnight at 28 ℃ in a 

shaker. The bacteria were collected by centrifugation. The crude extract of antibody 

was obtained by using an osmotic method. The single domain antibody was labeled 

by ProteinL, and purified by affinity chromatography with a yield of more than 10 mg 

/ L. The antibody affinity was detected by SPR technology for further screening the 

single domain antibodies with high specificity. By the above embodiment, a total of 6 

BCMA single domain antibodies were obtained, and the single domain antibody with 

higher affinity was selected. 

Of those, one BCMA single domain antibody is named BCMA sdAb I. By 

sequencing, it is found that the amino acid sequences of HCDR1-3 of BCMA sdAb I 

are sequentially as set forth in SEQ ID NOs: 1-3.  

Example 2 Construction of Chimeric Antigen Receptor Gene Vector 
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Two gene segments were synthesized by Taihe Biotechnology Co., Ltd. One is 

the nucleotide sequence of SEQ ID NO. 15 contained in the BCMA sdAb I prepared 

in Example 1; and the other is a designed generation 2 CAR structural gene (CD8a 

hinge region, transmembrane domain+4-1BB co-stimulatory domain + CD3 ζ 

intracellular signaling domain, and the nucleotide sequence of encoding the 

generation 2 CAR structural gene containing these domains is as set forth in SEQ ID 

NO: 16). After obtaining the synthetic gene, a molecular cloning was performed to 

construct the BCMA CAR. The PCR products of SEQ ID NO: 15, and SEQ ID NO: 

16 were obtained by PCR. The overlapping PCR was used to obtain the BCMA CAR 

gene formed by linking the two fragments (its nucleotide sequence is as set forth in 

SEQ ID NO: 12). The lentivirus Pre vector and the BCMA CAR gene were digested 

by enzyme, connected, and transformed. Clones were picked up, and plasmids were 

extracted. Sequencing was performed to obtain the correct sequence of lentiviral 

vector Pre-Lenti-EF1-BCMA. 

1) SEQ ID NO:15:  

atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggccggaagtccaactcc

aggcttccggtggcggtctggcacagcctggagggtccctgcggctctcctgcgcagcaagtggcaggactttcagtacc

tactttatggcctggttcagacagccacctggcaaaggcctcgaatacgtcggagggattaggtggtctgacggtgtccctc

actacgctgacagtgtgaagggtcggttcaccattagcagagacaacgctaagaatacagtgtacctgcaaatgaactcac

tgagagctgaggatactgctgtgtacttctgcgcatctcgcggaatcgctgacgggtcagactttggctcctatggacaggg

cacccaggtgactgtgagttcc 

2)SEQ ID NO:16: 

ccagcgaagcccaccacgacgccagcgccgcgaccaccaacaccggcgcccaccatcgcgtcgcagcccctg

tccctgcgcccagaggcgtgccggccagcggcggggggcgcagtgcacacgagggggctggacttcgcctgtgatatc

tacatctgggcgcccttggccgggacttgtggggtccttctcctgtcactggttatcaccctttactgcaaacggggcagaaa

gaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgtagctgccgatttc

cagaagaagaagaaggaggatgtgaactgagagtgaagttcagcaggagcgcagacgcccccgcgtaccagcagggc

cagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgtggccgggacc
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ctgagatggggggaaagccgcagagaaggaagaaccctcaggaaggcctgtacaatgaactgcagaaagataagatg

gcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggcctttaccagggtct

cagtacagccaccaaggacacctacgacgcccttcacatgcaggccctgccccctcgctaa 

Example 3 Preparation of Lentivirus of BCMA Chimeric Antigen Receptor  

On the day before virus packaging, 293T cells (purchased from ATCC) were 

digested by trypsin, and inoculated into a 10 cm dish at 1 107 cells/dish. Upon 

transfection of cells, in addition to the Pre-Lenti-EF1-BCMA plasmid prepared in 

Example 2, each plasmid needed to be co-transfected with packaging plasmids 

psPAX2, pMD2.0G. Of those, 5 μg of the Pre-Lenti-EF1-BCMA, 3.75 μg of the 

psPAX2 plasmid, and 1.25μg of the pMD2.0G plasmid were used. Upon transfection, 

a mixture of the above three plasmids was added into 500 μl MEM medium. In a 

separate micro-centrifuge tube, 25 μL of Lipofectamine(liposome) 2000 reagent was 

added into 500 μl MEM medium. Then, the diluted transfection reagent was added 

dropwise above the diluted plasmid, mixed well, centrifuged, and stood at room 

temperature for 20 minutes. Finally, the mixture of plasmid and transfection reagent 

was added into 10 cm culture dish, shaken gently for 10 times, mixed well, and placed 

into an incubator. After 3 days of transfection, the virus was harvested. 10 ml of virus 

containing culture supernatant was transferred into a 50 ml centrifuge tube, and 

centrifuged at 4 ℃ at 1250 rpm for 5 minutes to remove dead 293T cells. Then, the 

virus containing supernatant was filtered, concentrated, subpackaged, and stored at - 

80 ℃ for use. 

Example 4 Preparation of T Cells Modified by BCMA Specific Chimeric 

Antigen Receptor 

1) Preparation of T lymphocytes 

In a sterile environment, 10 ml of venous blood was drawn from volunteers. To a 

50 ml centrifuge tube was added 10 ml human lymphocyte isolates (Dakewei 

Bioengineering Co., Ltd.). The blood was slowly added with an electric pipette gun 

into the centrifuge tube along the wall. The centrifuge tube was placed into the 
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centrifuge tube, and centrifuged at 700g at 22℃ for 25 minutes. After completion of 

centrifugation, the PBMC was concentrated in the white membrane layer between the 

upper plasma layer and the separate solution. The white membrane layer was sucked 

into another centrifuge tube with a pasteur pipet (adding 30ml of 1640 medium) as 

much as possible. Be careful not to suck the separated solution. 250g, 22℃, 10 

minutes. The upper liquid was discarded. The cells were re-suspended in 3 ml of 1640 

medium, and counted for T cell purification.  

1 107 cells were placed in a micro-centrifuge tube, and centrifuged at 250g at 

22℃ for 10 minutes. The upper liquid was discarded, and the cell precipitates were 

re-suspended in 80 μL of magnetic bead separation buffer, and 20 μl of 

CD3MicroBeads (Meitianni) was added. The mixture was placed at 4℃ in a 

refrigerator for 1 hour to ensure sufficient binding. After 1 hourr, 1 mL of magnetic 

bead separation buffer was added into the micro-centrifuge tube, and centrifuged at 

250g at 4℃ for 10 minutes. During this period, a filter column was prepared, and 

placed on a magnet, and rinsed with 500 μl buffer (the buffer flowed down with 

gravity). After centrifugation, the supernatant was discarded, and the cells were 

re-suspended in 500 μl buffer. The column was added, and the buffer flowed down 

with gravity. After the cell suspension flowed out, the column was washed four times 

with 500 μl buffer. The column was removed from the magnet, and the T cells were 

flushed out with 1 mL buffer into 1.5 ml micro centrifuge tube. The cells were 

centrifuged at 250g at 4℃ for 10 minutes. The cells were re-suspended in an 

IL2-containing X-vivo 15 medium (Lonza), and inoculated at 2 106 T cells/well (in 

a 6-well place) after counting.  

2) Infection of T cells with Lentivirus 

After culture overnight, the Pre-Lenti-EF1-BCMA virus solution with MOI=2 

prepared in Example 3 was added for infection overnight. On Day 2, 1 ml of fresh 

medium was supplemented. On Day 3, the T cells had been sufficiently activated, and 

proliferated rapidly. At that time, the T cells were transferred into a 25cm2 culture 

flask. On Day 5 after infection, the expression efficiency of BCMA CAR molecules 
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on the surface of T cells was determined with bio-labeled BCMA Fc protein to 

produce specific BCMA CART cells. The expression of CAR on the surface of cell 

membrane was detected by a flow cytometry. The flow cytometry detection results of 

the expression of BCMA CAR molecules on the surface of BCMA CART cells are 

shown in FIG. 1. The results in FIG. 1 show that the CAR expression efficiency in the 

BCMA CART cells prepared in example 4 is more than 50%. 

Example 5 Evaluation of Function of BCMA Chimeric Antigen 

Receptor-Modified T Cells 

1) Evaluation of In Vitro Function 

Multiple myeloma MM.1S cells and myeloid leukemia K562 cells (purchased 

from ATCC were subject to flow cytometry. The results are shown in FIG. 2. The 

results of FIG. 2 indicate that BCMA molecules are effectively expressed in MM.1S 

cells, but not expressed in K562 cells. 

In vitro cell killing experiments were performed by LDH detection kit (Promega) 

for detection. The BCMA CART cells prepared in Example 4 and target cells (such as, 

MM.1S cells or K562 cells) were set with four gradients according to the number 

ratio (i.e. multiplicity of infection), namely, 0.5:1, 1:1, 2:1, and 4:1. Of those, the 

target cells were 3 104 cells/well, and the systems in all the rest wells were 

supplemented to 200 μL with X-VIVO medium/1640 medium. The 96-well plate was 

incubated at 37℃, 5%CO2 in an incubator. After 17 hours, 20 μL lysate was added 

into the well with maximum release. The cells were completely ruptured by mixing 

well. The 96-well plate was incubated in CO2 in an incubator for 2 hours. After 2 

hours, the well with maximum release was observed. After all the target cells were 

lysed, 50 μL of supernatant was collected from each well, and transferred into a 

96-well flat bottom plate, and then 50 μL of substrate solution was added into each 

well, and developed in the dark for 30 minutes. After 30 minutes, the wells were 

observed for their color changes, wherein the well with maximum release of MM.1S 

and the well containing BCMA CART cells exhibited relatively dark colors. 
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Measurements were made with an enzyme reader at a wavelength of 490 nm. The 

detection results of killing ability were obtained by using an LDH test kit. 

The results are shown in FIG. 3, the killing effect on K562 cells is shown in FIG. 

3A; and the killing effect on MM.1S cells is shown in FIG. 3B. The results in FIG. 3 

show that the BCMA CART cells prepared in Example 4 can specifically kill 

BCMA-positive cells with a high killing activity, such as, greater than 40%. At the 

same time, these BCMA CART cells produce no killing effect on BCMA-negative 

cells. 

The MM.1S tumor cells and the BCMA CART cells prepared in Example 4 were 

co-incubated, and detected by the ELISA method for the contents of IFN-γ and TNFα 

in the supernatant. The results are shown in FIG. 4, wherein the content of IFN-γ is 

shown in FIG. 4A, and the content of TNFα is shown in FIG. 4B. The results of FIG. 

4 show that various multiplicities of infection can upregulate the expression levels of 

cytokines IFN-γ and TNFα having a tumor-killing effect. This proves the specific 

killing effect of BCMA CART cells from another viewpoint.  

2) Animal Experiments 

Human multiple myeloma cell line MM.1S was transduced to express the 

luciferase reporter gene to obtain MM.1S-luc. 1640 medium containing 10% fetal 

bovine serum (FBS) was conventionally incubated in 5% CO2 in an incubator at 37 ℃. 

MM.1S-luc cell line was injected with 1.5 106 cells/200 μl PBS via caudal vein (50 

mice, half male and half female) for 17 days. Then, all the animals were imaged. The 

uniformly tumor-bearing mice entered into the experiment group, and were randomly 

divided into 5 groups (half male, and half female, 8 mice in each group), that is, an 

extracellular fluid group, a Mock T group, as well as BCMA CART low, medium, and 

high dose groups. Of those, the extracellular fluid group was injected with 

extracellular fluid via caudal vein, the Mock T group was injected with Mock T cells 

via caudal vein, and the BCMA CART low, medium, and high dose groups were 

injected with BCMA CART cells prepared in Example 4 via caudal vein. 
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After 3 days, the mice were anesthetized, and intraperitoneally injected with the 

luciferase substrate. The tumor loading of the control groups (the extracellular fluid 

group and the Mock T Group), and the BCMA CART treatment groups were observed 

by the small animal in vivo imaging system. The results on Day 3 and Day 7 after 

treatment are shown in FIG. 5 and FIG. 6 respectively. 

The results in FIG. 5 show that there is almost no tumor cell imaging in the 

BCMA CART high, and medium-dose treatment groups, while the tumor loading in 

the control groups is heavy, indicating that BCMA CART can effectively clear the 

BCMA-positive tumor cells. After BCMA CART cells were infused back into vein, 

the fluorescence signal intensity in mice on Day 3 began to decrease as compared 

with the extracellular fluid group and the MOCK T group, indicating that the tumor 

loading was decreasing. It can be seen from FIG. 6 that the fluorescence signal 

intensity in mice on Day 7 was substantially undetectable. It can be seen that BCMA 

CART also shows a strong therapeutic effect on diseases associated with BCMA 

expression in an animal in vivo experiment. 

Until now, those skilled in the art should recognize that although a plurality of 

exemplary embodiments of the present application have been shown and described in 

details herein, however, many other variations or modifications in accordance with the 

principles of the present application can be directly determined or derived from the 

disclosure of the present application without departing from the spirit or scope of the 

present application. Thus, the scope of the present application should be understood 

and considered to encompass all of the other variations or modifications. 
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CLAIMS 

1. A chimeric antigen receptor (CAR), said CAR comprises: a BCMA binding 

domain, a transmembrane domain, one or more co-stimulatory domains, and an 

intracellular signaling domain; wherein said BCMA binding domain comprises a 

heavy chain complementary determining region 1 (HCDR1), a heavy chain 

complementary determining region 2 (HCDR2), and a heavy chain complementary 

determining region 3 (HCDR3), the amino acid sequence of said HCDR1 is as set 

forth in SEQ ID NO: 1, the amino acid sequence of said HCDR2 is as set forth in 

SEQ ID NO: 2, and the amino acid sequence of said HCDR3 is as set forth in SEQ ID 

NO: 3.  

2. The CAR according to claim 1, wherein said BCMA binding domain is a 

single domain antibody.  

3. The CAR according to any one of claims 1-2, wherein said BCMA binding 

domain comprises an amino acid sequence as set forth in SEQ ID NO:4 or a 

functional variant thereof.  

4. The CAR according to any one of claims 1-3, wherein said transmembrane 

domain comprises a polypeptide derived from a protein selected from α, β, or ζ chain 

of a T-cell receptor, CD28, CD3e, CD45, CD4, CD5, CD8a, CD9, CD16, CD22, 

CD33, CD37, CD64, CD80, CD86, CD134, CD137, and CD154.  

5. The CAR according to any one of claims 1-4, wherein said transmembrane 

domain comprises an amino acid sequence as set forth in SEQ ID NO:5 or a 

functional variant thereof.  

6. The CAR according to any one of claims 1-5, wherein said BCMA binding 

domain is linked to the transmembrane domain via a hinge region.  

7. The CAR according to claim 6, wherein said hinge region comprises an 

amino acid sequence as set forth in SEQ ID NO:6 or a functional variant thereof. 

8. The CAR according to any one of claims 1-7, wherein said one or more 

co-stimulatory domains are derived from a co-stimulatory molecule selected from 

CARD11, CD2, CD7, CD27, CD28, CD30, CD40, CD54 (ICAM), CD83, CD134 

(OX40), CD137 (4-1BB), CD150 (SLAMF1), CD152 (CTLA4), CD223 (LAG3), 
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CD270 (HVEM), CD273 (PD-L2), CD274 (PD-L1), CD278 (ICOS), DAP10, LAT, 

NKG2C, SLP76, TRIM, and ZAP70. 

9. The CAR according to any one of claims 1-8, wherein said co-stimulatory 

domain comprises an amino acid sequence as set forth in SEQ ID NO:7 or a 

functional variant thereof.  

10. The CAR according to any one of claims 1-9, wherein said intracellular 

signaling domain comprises a signaling domain of CD3ζ.  

11. The CAR according to any one of claims 1-10, wherein said intracellular 

signaling domain comprises an amino acid sequence as set forth in SEQ ID NO:8 or a 

functional variant thereof. 

12. The CAR according to any one of claims 1-11, further comprising a leader 

sequence, said leader sequence comprises an amino acid sequence as set forth in SEQ 

ID NO:9 or a functional variant thereof.  

13. The CAR according to any one of claims 1-12, comprising an amino acid 

sequence as set forth in SEQ ID NOs:10-11 or a functional variant thereof. 

14. An isolated nucleic molecule, encoding said CAR according to any one of 

claims 1-13. 

15. An isolated nucleic acid molecule encoding CAR, comprising a nucleic acid 

sequence as set forth in SEQ ID NOs:12-13 or a functional variant thereof.  

16. A vector, comprising said nucleic acid molecule according to any one of 

claims 14-15.  

17. The vector according to claim 16, which is selected from DNA vectors, 

RNA vectors, plasmids, lentiviral vectors, adenoviral vectors, and retroviral vectors.  

18. The vector according to any one of claims 16-17, further comprising an EF1 

promoter, said EF1 promoter comprises a sequence as set forth in SEQ ID NO:14.  

19. An immune effector cell, comprising said CAR according to any one of 

claims 1-13, said nucleic acid molecule according to any one of claims 14-15, or said 

vector according to any one of claims 16-18. 

20. The immune effector cell according to claim 19, which is selected from T 

lymphocytes, and natural killer (NK) cells. 
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21. A method of preparing an immune effector cell, comprising introducing said 

vector according to any one of claims 16-18 into an immune effector cell. 

22. The method according to claim 21, wherein said immune effector cell is 

selected from T lymphocytes and natural killer (NK) cells. 

23. A composition, comprising said immune effector cell according to any one of 

claims 19-20. 

24. Use of said CAR according to any one of claims 1-13, said nucleic acid 

molecule according to any one of claims 14-15, said vector according to any one of 

claims 16-18, or said immune effector cell according to any one of claims 19-20 in 

manufacture of a drug for treating a disease or disorder associated with an expression 

of BCMA. 

25. The use according to claim 24, wherein said disease or disorder associated 

with the expression of BCMA is cancer or malignant tumor. 

26. The use according to any one of claims 24-25, wherein said disease or 

disorder associated with the expression of BCMA is selected from the group 

consisting of B cell acute lymphoblastic leukemia, T cell acute lymphoblastic 

leukemia, acute lymphoblastic leukemia, chronic myeloid leukemia, chronic 

lymphocytic leukemia, B cell prolymphocytic leukemia, blast cell plasmacytoid 

dendritic cytoma, Burkitt's lymphoma, diffuse large B cell lymphoma, follicular 

lymphoma, hairy cell leukemia, small or large cell follicular lymphoma, malignant 

lymphoproliferative condition, MALT lymphoma, mantle cell lymphoma, marginal 

zone lymphoma, multiple myeloma, myelodysplasia, and myelodysplastic syndrome, 

non-Hodgkin lymphoma, plasmablast lymphoma, plasmacytoid dendritic cytoma, 

Waldenstrom macroglobulinemia, prostatic cancer, pancreatic cancer, lung cancer, 

myeloma, MGUS, plasmacytoma, systemic amyloid light chain amyloidosis, and 

POEMS syndrome.
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