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                         SEQUENCE LISTING

<110>  Caribou Biosciences, Inc.

       

 

<120>  HUMANIZED BCMA ANTIBODY AND BCMA-CAR-T CELLS

<130>  CBI038.10

<150>  PCT/US20/13662

<151>  2020-01-15

<150>  US 62/793,274

<151>  2019-01-16

<160>  17    

<170>  PatentIn version 3.5

<210>  1

<211>  184

<212>  PRT

<213>  Homo sapiens

<400>  1

Met Leu Gln Met Ala Gly Gln Cys Ser Gln Asn Glu Tyr Phe Asp Ser 

1               5                   10                  15      

Leu Leu His Ala Cys Ile Pro Cys Gln Leu Arg Cys Ser Ser Asn Thr 

            20                  25                  30          

Pro Pro Leu Thr Cys Gln Arg Tyr Cys Asn Ala Ser Val Thr Asn Ser 

        35                  40                  45              

Val Lys Gly Thr Asn Ala Ile Leu Trp Thr Cys Leu Gly Leu Ser Leu 

    50                  55                  60                  

Ile Ile Ser Leu Ala Val Phe Val Leu Met Phe Leu Leu Arg Lys Ile 

65                  70                  75                  80  

Asn Ser Glu Pro Leu Lys Asp Glu Phe Lys Asn Thr Gly Ser Gly Leu 

                85                  90                  95      

Leu Gly Met Ala Asn Ile Asp Leu Glu Lys Ser Arg Thr Gly Asp Glu 

            100                 105                 110         
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Ile Ile Leu Pro Arg Gly Leu Glu Tyr Thr Val Glu Glu Cys Thr Cys 

        115                 120                 125             

Glu Asp Cys Ile Lys Ser Lys Pro Lys Val Asp Ser Asp His Cys Phe 

    130                 135                 140                 

Pro Leu Pro Ala Met Glu Glu Gly Ala Thr Ile Leu Val Thr Thr Lys 

145                 150                 155                 160 

Thr Asn Asp Tyr Cys Lys Ser Leu Pro Ala Ala Leu Ser Ala Thr Glu 

                165                 170                 175     

Ile Glu Lys Ser Ile Ser Ala Arg 

            180                 

<210>  2

<211>  720

<212>  DNA

<213>  Homo sapiens

<400>  2

caggtgcagc tggtgcagag cggcgcggaa gtgaaaaaac cgggcagcag cgtgaaagtg       60

agctgcaaag cgagcggcta tacctttacc agctatgtga tgcattgggt gcgccaggcg      120

ccgggccagg gcctggaatg gatgggctat attattccgt ataacgatgc gaccaaatat      180

aacgaaaaat ttaaaggccg cgtgaccatt accgcggata aaagcaccag caccgcgtat      240

atggaactga gcagcctgcg cagcgaagat accgcggtgt attattgcgc gcgctataac      300

tatgatggct attttgatgt gtggggccag ggcaccctgg tgaccgtgag cagcggcggc      360

ggcggcagcg gcggcggcgg cagcggcggc ggcggcagcg aaattgtgct gacccagagc      420

ccggcgaccc tgagcctgag cccgggcgaa cgcgcgaccc tgagctgccg cgcgagccag      480

agcattagcg attatctgca ttggtatcag cagaaaccgg gccaggcgcc gcgcctgctg      540

atttattatg cgagccagag cattaccggc attccggcgc gctttagcgg cagcggcagc      600

ggcaccgatt ttaccctgac cattagcagc ctggaaccgg aagattttgc ggtgtattat      660

tgccagaacg gccatagctt tccgccgacc tttggcggcg gcaccaaagt ggaaattaaa      720
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<210>  3

<211>  118

<212>  PRT

<213>  Homo sapiens

<400>  3

Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser 

1               5                   10                  15      

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr 

            20                  25                  30          

Val Met His Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met 

        35                  40                  45              

Gly Tyr Ile Ile Pro Tyr Asn Asp Ala Thr Lys Tyr Asn Glu Lys Phe 

    50                  55                  60                  

Lys Gly Arg Val Thr Ile Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr 

65                  70                  75                  80  

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys 

                85                  90                  95      

Ala Arg Tyr Asn Tyr Asp Gly Tyr Phe Asp Val Trp Gly Gln Gly Thr 

            100                 105                 110         

Leu Val Thr Val Ser Ser 

        115             

<210>  4

<211>  15

<212>  PRT

<213>  Artificial Sequence

<220>

<223>  synthetic

<400>  4

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser 

1               5                   10                  15  
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<210>  5

<211>  107

<212>  PRT

<213>  Homo sapiens

<400>  5

Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly 

1               5                   10                  15      

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Ile Ser Asp Tyr 

            20                  25                  30          

Leu His Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Ile 

        35                  40                  45              

Tyr Tyr Ala Ser Gln Ser Ile Thr Gly Ile Pro Ala Arg Phe Ser Gly 

    50                  55                  60                  

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro 

65                  70                  75                  80  

Glu Asp Phe Ala Val Tyr Tyr Cys Gln Asn Gly His Ser Phe Pro Pro 

                85                  90                  95      

Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys 

            100                 105         

<210>  6

<211>  240

<212>  PRT

<213>  Homo sapiens

<400>  6

Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser 

1               5                   10                  15      

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr 

            20                  25                  30          
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Val Met His Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met 

        35                  40                  45              

Gly Tyr Ile Ile Pro Tyr Asn Asp Ala Thr Lys Tyr Asn Glu Lys Phe 

    50                  55                  60                  

Lys Gly Arg Val Thr Ile Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr 

65                  70                  75                  80  

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys 

                85                  90                  95      

Ala Arg Tyr Asn Tyr Asp Gly Tyr Phe Asp Val Trp Gly Gln Gly Thr 

            100                 105                 110         

Leu Val Thr Val Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser 

        115                 120                 125             

Gly Gly Gly Gly Ser Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu 

    130                 135                 140                 

Ser Leu Ser Pro Gly Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln 

145                 150                 155                 160 

Ser Ile Ser Asp Tyr Leu His Trp Tyr Gln Gln Lys Pro Gly Gln Ala 

                165                 170                 175     

Pro Arg Leu Leu Ile Tyr Tyr Ala Ser Gln Ser Ile Thr Gly Ile Pro 

            180                 185                 190         

Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile 

        195                 200                 205             

Ser Ser Leu Glu Pro Glu Asp Phe Ala Val Tyr Tyr Cys Gln Asn Gly 

    210                 215                 220                 

His Ser Phe Pro Pro Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys 

225                 230                 235                 240 
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<210>  7

<211>  63

<212>  DNA

<213>  Homo sapiens

<400>  7

atggccttac cagtgaccgc cttgctcctg ccgctggcct tgctgctcca cgccgccagg       60

ccg                                                                     63

<210>  8

<211>  21

<212>  PRT

<213>  Homo sapiens

<400>  8

Met Ala Leu Pro Val Thr Ala Leu Leu Leu Pro Leu Ala Leu Leu Leu 

1               5                   10                  15      

His Ala Ala Arg Pro 

            20      

<210>  9

<211>  141

<212>  DNA

<213>  Homo sapiens

<400>  9

aagcccacca cgacgccagc gccgcgacca ccaacaccgg cgcccaccat cgcgtcgcag       60

cccctgtccc tgcgcccaga ggcgagccgg ccagcggcgg ggggcgcagt gcacacgagg      120

gggctggact tcgccagtga t                                                141

<210>  10

<211>  47

<212>  PRT

<213>  Homo sapiens

<400>  10

Lys Pro Thr Thr Thr Pro Ala Pro Arg Pro Pro Thr Pro Ala Pro Thr 

1               5                   10                  15      

Ile Ala Ser Gln Pro Leu Ser Leu Arg Pro Glu Ala Ser Arg Pro Ala 

            20                  25                  30          
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Ala Gly Gly Ala Val His Thr Arg Gly Leu Asp Phe Ala Ser Asp 

        35                  40                  45          

<210>  11

<211>  81

<212>  DNA

<213>  Homo sapiens

<400>  11

ttttgggtgc tggtggtggt tggtggagtc ctggcttgct atagcttgct agtaacagtg       60

gcctttatta ttttctgggt g                                                 81

<210>  12

<211>  27

<212>  PRT

<213>  Homo sapiens

<400>  12

Phe Trp Val Leu Val Val Val Gly Gly Val Leu Ala Cys Tyr Ser Leu 

1               5                   10                  15      

Leu Val Thr Val Ala Phe Ile Ile Phe Trp Val 

            20                  25          

<210>  13

<211>  123

<212>  DNA

<213>  Homo sapiens

<400>  13

aggagtaaga ggagcaggct cctgcacagt gactacatga acatgactcc ccgccgcccc       60

gggcccaccc gcaagcatta ccagccctat gccccaccac gcgacttcgc agcctatcgc      120

tcc                                                                    123

<210>  14

<211>  41

<212>  PRT

<213>  Homo sapiens

<400>  14
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Arg Ser Lys Arg Ser Arg Leu Leu His Ser Asp Tyr Met Asn Met Thr 

1               5                   10                  15      

Pro Arg Arg Pro Gly Pro Thr Arg Lys His Tyr Gln Pro Tyr Ala Pro 

            20                  25                  30          

Pro Arg Asp Phe Ala Ala Tyr Arg Ser 

        35                  40      

<210>  15

<211>  345

<212>  DNA

<213>  Homo sapiens

<400>  15

agagtgaagt tcagcaggag cgcagacgcc cccgcgtacc agcagggcca gaaccagctc       60

tataacgagc tcaatctagg acgaagagag gagtacgatg ttttggacaa gagacgtggc      120

cgggaccctg agatgggggg aaagccgcag agaaggaaga accctcagga aggcctgtac      180

aatgaactgc agaaagataa gatggcggag gcctacagtg agattgggat gaaaggcgag      240

cgccggaggg gcaaggggca cgatggcctt taccagggtc tcagtacagc caccaaggac      300

acctacgacg cccttcacat gcaggccctg ccccctcgct aatag                      345

<210>  16

<211>  113

<212>  PRT

<213>  Homo sapiens

<400>  16

Arg Val Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala Tyr Gln Gln Gly 

1               5                   10                  15      

Gln Asn Gln Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr 

            20                  25                  30          

Asp Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys 

        35                  40                  45              

Pro Gln Arg Arg Lys Asn Pro Gln Glu Gly Leu Tyr Asn Glu Leu Gln 

    50                  55                  60                  
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Lys Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu 

65                  70                  75                  80  

Arg Arg Arg Gly Lys Gly His Asp Gly Leu Tyr Gln Gly Leu Ser Thr 

                85                  90                  95      

Ala Thr Lys Asp Thr Tyr Asp Ala Leu His Met Gln Ala Leu Pro Pro 

            100                 105                 110         

Arg 

    

<210>  17

<211>  495

<212>  PRT

<213>  Homo sapiens

<400>  17

Met Ala Leu Pro Val Thr Ala Leu Leu Leu Pro Leu Ala Leu Leu Leu 

1               5                   10                  15      

His Ala Ala Arg Pro Ala Ser Gln Val Gln Leu Val Gln Ser Gly Ala 

            20                  25                  30          

Glu Val Lys Lys Pro Gly Ser Ser Val Lys Val Ser Cys Lys Ala Ser 

        35                  40                  45              

Gly Tyr Thr Phe Thr Ser Tyr Val Met His Trp Val Arg Gln Ala Pro 

    50                  55                  60                  

Gly Gln Gly Leu Glu Trp Met Gly Tyr Ile Ile Pro Tyr Asn Asp Ala 

65                  70                  75                  80  

Thr Lys Tyr Asn Glu Lys Phe Lys Gly Arg Val Thr Ile Thr Ala Asp 

                85                  90                  95      

Lys Ser Thr Ser Thr Ala Tyr Met Glu Leu Ser Ser Leu Arg Ser Glu 

            100                 105                 110         
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Asp Thr Ala Val Tyr Tyr Cys Ala Arg Tyr Asn Tyr Asp Gly Tyr Phe 

        115                 120                 125             

Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Gly Gly Gly 

    130                 135                 140                 

Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Glu Ile Val Leu 

145                 150                 155                 160 

Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly Glu Arg Ala Thr 

                165                 170                 175     

Leu Ser Cys Arg Ala Ser Gln Ser Ile Ser Asp Tyr Leu His Trp Tyr 

            180                 185                 190         

Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Ile Tyr Tyr Ala Ser 

        195                 200                 205             

Gln Ser Ile Thr Gly Ile Pro Ala Arg Phe Ser Gly Ser Gly Ser Gly 

    210                 215                 220                 

Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro Glu Asp Phe Ala 

225                 230                 235                 240 

Val Tyr Tyr Cys Gln Asn Gly His Ser Phe Pro Pro Thr Phe Gly Gly 

                245                 250                 255     

Gly Thr Lys Val Glu Ile Lys Leu Glu Lys Pro Thr Thr Thr Pro Ala 

            260                 265                 270         

Pro Arg Pro Pro Thr Pro Ala Pro Thr Ile Ala Ser Gln Pro Leu Ser 

        275                 280                 285             

Leu Arg Pro Glu Ala Ser Arg Pro Ala Ala Gly Gly Ala Val His Thr 

    290                 295                 300                 

Arg Gly Leu Asp Phe Ala Ser Asp Lys Pro Phe Trp Val Leu Val Val 

305                 310                 315                 320 
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Val Gly Gly Val Leu Ala Cys Tyr Ser Leu Leu Val Thr Val Ala Phe 

                325                 330                 335     

Ile Ile Phe Trp Val Arg Ser Lys Arg Ser Arg Leu Leu His Ser Asp 

            340                 345                 350         

Tyr Met Asn Met Thr Pro Arg Arg Pro Gly Pro Thr Arg Lys His Tyr 

        355                 360                 365             

Gln Pro Tyr Ala Pro Pro Arg Asp Phe Ala Ala Tyr Arg Ser Arg Val 

    370                 375                 380                 

Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala Tyr Gln Gln Gly Gln Asn 

385                 390                 395                 400 

Gln Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr Asp Val 

                405                 410                 415     

Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys Pro Gln 

            420                 425                 430         

Arg Arg Lys Asn Pro Gln Glu Gly Leu Tyr Asn Glu Leu Gln Lys Asp 

        435                 440                 445             

Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg Arg 

    450                 455                 460                 

Arg Gly Lys Gly His Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala Thr 

465                 470                 475                 480 

Lys Asp Thr Tyr Asp Ala Leu His Met Gln Ala Leu Pro Pro Arg 

                485                 490                 495 
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WHAT IS CLAIMED IS: 

 

1. An anti-human BCMA single-chain variable fragment (scFv), comprising: 

a heavy chain variable region (VH) having the amino acid of SEQ ID NO: 3; and 

a light chain variable region (VL) having the amino acid of SEQ ID NO: 5. 

 

2. The scFv of claim 1, further comprising a linker in between the VH and the VL. 

 

3. The scFv of Claim 2, wherein the linker has the amino acid sequence of SEQ ID NO: 

4. 

 

4. An anti-BCMA chimeric antigen receptor (CAR) comprising: 

an anti-BCMA single-chain variable fragment (scFv) comprising 

a heavy chain variable region (VH) having the amino acid of SEQ ID NO: 3; and 

a light chain variable region (VL) having the amino acid of SEQ ID NO: 5. 

a transmembrane domain; 

a co-stimulatory domain; and 

an activating domain. 

 

5. The CAR of Claim 4, wherein the transmembrane domain is a transmembrane domain 

selected from the group consisting of a T cell receptor α chain, a T cell receptor β chain, a 

CD3 zeta chain, a CD28, a CD3ε, a CD45, a CD4, a CD5, a CD8, a CD9, a CD16, a CD22, a 

CD33, a CD37, a CD64, a CD80, a CD86, a CD134, a CD137, an ICOS, a CD154, and a 

GITR, optionally wherein the transmembrane domain comprises a transmembrane domain of 

a CD8. 

 

6. The CAR of Claim 4, wherein the co-stimulatory domain is a co-stimulatory domain 

selected from the group consisting of a CD28, a 4-1BB, a GITR, an ICOS-1, a CD27, an OX-

40, and a DAP10, optionally wherein the co-stimulatory domain comprises a 4-1BB co-

stimulatory domain. 

 

7. The CAR of Claim 4, wherein the activation domain comprises a CD3 zeta activating 

domain. 
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8. The CAR of Claim 4, having the amino acid sequence of SEQ ID NO: 17. 

 

9. A nucleic acid, having a 5’ end and a 3’ end,  encoding the CAR of claim 4. 

 

10. A vector, comprising the nucleic acid of Claim 9. 

 

11. The vector of Claim 10, wherein the vector is a virus vector. 

 

12. An isolated CAR-T cell, comprising the CAR of Claim 4 or Claim 8. 

 

13. Use of a humanized CAR-T cell in the preparation of a medicament for the treatment 

of a BCMA-positive cancer in a patient in need thereof, the humanized CAR-T cell 

comprising an anti-BCMA chimeric antigen receptor (CAR) comprising: 

an anti-BCMA single-chain variable fragment (scFv) comprising 

a heavy chain variable region (VH) having the amino acid sequence of SEQ ID 

NO: 3, and 

a light chain variable region (VL) having the amino acid sequence of SEQ ID 

NO: 5; 

a transmembrane domain; 

a co-stimulatory domain; and 

an activating domain. 

 

14. The use of Claim 13, wherein the medicament is formulated for intra-tumoral 

administration. 

 

15. The use of Claim 13, wherein the BCMA-positive cancer cells comprise multiple 

myeloma cancer cells. 

 

16. An in vitro method of making an anti-BCMA CAR-T cell, comprising: 

introducing into a T cell a nucleic acid encoding an anti-BCMA chimeric antigen 

receptor (CAR) comprising 

an anti-BCMA single-chain variable fragment (scFv) comprising 

 



17 

a heavy chain variable region (VH) having the amino acid sequence of SEQ ID 

NO: 3, and 

a light chain variable region (VL) having the amino acid sequence of SEQ ID 

NO: 5; 

a transmembrane domain; 

a co-stimulatory domain; and 

an activating domain. 

 

17. The method of Claim 16, wherein the nucleic acid is introduced into the T cell by a 

virus vector. 

 

18. The method of Claim 17, wherein the virus vector is selected from the group 

consisting of a retrovirus vector, an adenovirus vector, an adeno-associated virus (AAV) 

vector, a simian virus vector, a vaccinia virus vector, a Sendai virus vector, an Epstein-Barr 

virus (EBV) vector, and a HSV vector. 
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ABSTRACT 

 

 The present invention is directed to a humanized BCMA single-chain variable 

fragment (scFv), comprising VH having the amino acid sequence of SEQ ID NO: 3 and VL 

having the amino acid sequence of SEQ ID NO: 5. The present invention is also directed to a 5 

BCMA chimeric antigen receptor fusion protein comprising from N-terminus to C-terminus: 

(i) a single-chain variable fragment (scFv) of the present invention, (ii) a transmembrane 

domain, (iii) at least one co-stimulatory domains, and (iv) an activating domain. This 

humanized BCMA-CAR-T cells have specific killing activity against BCMA-positive tumor 

cells.   10 

 

 

[FIGURE 3] 






















