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Establishment of an in vitro cytotoxicity evaluation model for BCMA CAR-T cells
based on BCMA mutants
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[Abstact] Objective: To engineer a BCMA mutant resistant to y-secretase cleavage in order to stabilize wild-type BCMA expression
after y-secretase cleavage and to generate target cells for measuring BCMA CAR-T cell cytotoxicity. Methods: Our study aimed to
engineer a mutant BCMA protein (BCMA-CD8a TM) that could resist y-secretase cleavage by replacing the transmembrane domain of
the wild-type BCMA protein with the human CD8a sequence. Four different types of cells in which this mutant gene was expressed
excessively were engineered, including U266 (U266°*M"), K562 (K562°V*M), SKOV3 (SKOV3*™*™9 and CHO (CHO®™*M*)
cells. BCMA CAR Jurkat cells, loaded with the NFAT-EGFP reporter gene (BCMA-CAR-Jurkat-Reporter), were engineered and co-
cultured with U266°*™* cells. The expression level of EGFP was detected by FCM in order to indicate the activation level of NFAT.
The cytotoxicity of BCMA CAR-T cells against Luciferase-labeled K562 cells was detected by the luciferase assay. Additionally,
real-time cell analysis (RTCA) technique was employed to detect the cytotoxicity of BCMA CAR-T cells against SKOV3*™*™*and
CHOP™*™* cells. Results: Application of y -secretase inhibitor LY411575 to inhibit y-secretase activity significantly enhanced the
expression level of BCMA on the surface of wild-type U266 cells, and the average fluorescence intensity was increased by more than
10 times. However, the expression level of BCMA gradually decreased after removal of inhibitors (P<0.01). BCMA-CD8a TM mutant
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could resist the cleavage of y-secretase and expressed stably on the surface of U266 cells (P>0.05). U266 cells and U266 cells
overexpressing BCMA-CD8o TM were co-incubated with BCMA-CAR-Jurkat-Reporter cells, both of which could activate the
Reporter system and enhance the expression of EGFP, but the effect was more significant in U266 cells overexpressing BCMA-CD8a
TM (P<0.01). BCMA-CD8a TM mutants were successfully overexpressed in 3 BCMA-negative target cells, namely K562, SKOV3 and
CHO cells, and the expression level of the mutant was only slightly increased under LY411575 treatment. Luciferase assay results
showed that under different target-effect ratios BCMA CAR-T cells could all be specific and efficient in killing K562 cells
overexpressing BCMA-CD8a TM. RTCA results showed that under different target ratios BCMA CAR-T cells could all effectively
recognize and kill SKOV3 and CHO cells overexpressing BCMA-CD8a TM, but Mock-T cells with the same target ratio had no such
effect. Conclusion: The BCMA-CD8o TM mutant engineered in this study can resist y-secretase cleavage and exhibits stable surface
expression on various target cells, thus offering various methods for evaluating the efficacy and specificity of BCMA CAR-T cell
cytotoxicity in vitro.
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VB0 i 293T N\ 22 % iy i e 40 il U266
N8 1 B8 &R 5 40 i K562 A BF AL iR 4 g
SKOV3., H [E £ i ) 5540 ffd CHO FI A T 9tk B2 41 . 1
11955 41 B2 Jurkat 3270 5 55 [ ATCC 44 Ho /22 s A FE 4R
HiR A1 A 23 B AR AN I % 41 i (PBMO)
T A5 {g FEFE R & 15 1R 1Y) PBMC Y485 45 M B2 R} K 2
B o 5 B = 2 A0 B 2 5 2> b (A B AL AE 5 XYFY-
2018-KL003-01) , 34 2% & 50 1% [F 7= 15 . BCMA-

CAR % B R ¥ %] CRIUE T & ] : US10174095B2) ;
RPMI 1640 7 7% % (57 %5 : 11875093) « fifi 2F 1ML %
(FBS, £t 5 : 12483020) , A\ T 41 il 4l {. EasySep™
Human T Cell Isolation Kit ( 1% 5 : 19661) ¥y Il H
STEMCELL Technologies /A &) , A T 4 Jfd 3 3 4 Bk
Dynabeads® Human T-Activator CD3/CD28 ( 1% 5 :
11132D) 114 A 3£ E Gibeo A #] , 5 &4 W % (PEL, 17
5 : TR-1003-G) 14 H 3£ [F Sigma A #& , T 4 f 5 75 i
T0 R 40 A IR F IL-2 (38 5 200200 L IL-7 (1] 5 -
20007) JIL-15 (%5 :20015) ¥ H 3£ [H Peprotech 23
7, pHAGE 187 2 3 1k (3K 40 5 : 166467) . psPAX
(RS 5 :2260) . pMD2.G (B AR R 5 : 12259) 3K [
Addgene, FR il 14 N VI Xba T (185 :R0O145V) \EcoR
[ (185 :RO101V) T4 & (125 : M0202V) $51)
H 3 [ New England Biolabs /A 7] , DH-50 /% 52 2541 i
(15 :CD20 DM A b 4 R EMHARBRAT A IR A
A TR BGA & (185 : DP103) 1 H b 5T R AR A=
R PR A A B mGR5R & (55 : DC301-01) )
H B 5L ME R AR R I A R A F  anti-BCMA-
PE ( 1% 5 : 19F2) . PE Mouse IgG2a Isotype ( 1% 5 :
400213) ZEHi 1 B 3£ [E] Biolegend A ] , RetroNectin
%5 : T1I00A) 4 H H 74 TaKaRa /A 7 , HitransG P (5%
5 :REVG005) ) { b ifg & gL & K B A R A A
Polybrene ( #% 5 : TR-1003) Il [ f# [ Sigma 2 7 ,
Albumin Bovine V 4+ [l & H & H (BSA, & 5 :
VIC018) . HEPES /K (1% 5 : VC2041) \ MRS 55 &%
(Puromycin, $% 5 : VIC353) . D-% )t & (D-Luciferin,
15 : VIC1550) ¥ H ikt 24540 THRARA A,
y 43 VAR A 77 LY 411575 (58 5 : 53014ES05) 14 H I
IS YR A G R AR .
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ARG MM 4 i 55 2% T 7 A2 24 BCMA 3 y 43 b
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BCMA % % f& (BCMA-CD8a. TM) . BCMA-CDS8o.
TM 25 /8 )7 51 5 2 i 4% 1 B8 )7 51 L3R 1, BCMA-
CD8a TM MR IR T4 8 SEQ ID NO. 1.3.5 K K&
% ; 40 1 BCMA-CD8a TM [ #% 1. /5 5] 4 SEQ ID
NO .2.4.6 k%R . ¥ 4ihh BCMA-CD8a TM (1%
HIR P 5158 B g 35 BILEE (R 2 22 R ey A R A W]
AT AR A R T KR Z R RIS .

1 BCMA-CD8a TM B S E L K RS EH R F 5

(A

J3 51 (N 3ii—C it )

BCMA B #MEL (BCMA-ECD)
R FHI(SEQIDNO .1)
BCMA Jig4ME (BCMA-ECD)
AR 74 (SEQ ID NO .2)

CD8a % JE X (CD8a TM)
IR F 4 (SEQ ID NO .3)

CD8a % i [X (CD8a TM)
¥ H 8 /% (SEQ ID NO .4)

BCMA i 4 Bt (BCMA-ICD)
IR T4 (SEQ ID NO .5)

BCMA Jitt 4 EX (BCMA-ICD)
W7 %1 (SEQ ID NO .6)

MLQMAGQCSQNEYFDSLLHACIPCQLRCSSNTPPLTCQRYCNASVTNSVKGTNA

ATGTTGCAGATGGCTGGGCAGTGCTCCCAAAATGAATATTTTGACAGTTTGTTGCAT
GCTTGCATACCTTGTCAACTTCGATGTTCTTCTAATACTCCTCCTCTAACATGTCAGC
GTTATTGTAATGCAAGTGTGACCAATTCAGTGAAAGGAACGAATGCG

IYIWAPLAGTCGVLLLSLVITLYC

ATCTACATCTGGGCGCCCTTGGCCGGGACTTGTGGGGTCCTTCTCCTGTCACTGGTT
ATCACCCTTTACTGC

RKINSEPLKDEFKNTGSGLLGMANIDLEKSRTGDEILPRGLEYTVEECTCEDCIKSKPK
VDSDHCFPLPAMEEGATILVTTKTNDY CKSLPAALSATEIEKSISARZ

AGGAAGATAAACTCTGAACCATTAAAGGACGAGTTTAAAAACACAGGATCAGGTC
TCCTGGGCATGGCTAACATTGACCTGGAAAAGAGCAGGACTGGTGATGAAATTATT
CTTCCGAGAGGCCTCGAGTACACGGTGGAAGAATGCACCTGTGAAGACTGCATCA

AGAGCAAACCGAAGGTCGACTCTGACCATTGCTTTCCACTCCCAGCTATGGAGGA
AGGCGCAACCATTCTTGTCACCACGAAAACGAATGACTATTGCAAGAGCCTGCCA
GCTGCTTTGAGTGCTACGGAGATAGAGAAATCAATTTCTGCTAGGTAA

1.3 18 mF & 3 H & 4414 & X BCMA-CD8a TM
79 Yot i 7

18 F i 3% BCMA-CD8a TM 1897 7 L MOI=5 73
YL U266.K562.SKOV3.CHO ZHififl , &% 72 h J5 £
IR NN pg/mL VA R 20 R G A P R 2
JH s B 975358 5~7 d J P anti-BCMA-PE 44, i 41 i
ARAG U B2 2 TR BCMA FA) BH P 3R 48 9% 6 Bt
1.4 A X mie KA fesm i % @ BCMA 5 BCMA-
CD8o TM #9 % ik K -F

WL 1< 10° AN FRE R I 48 AR, NN 100 pL A 2%
BSA PBS B¢ ] anti-BCMA-PE #i4£ (1:100) , 4 °Cik#
J6 N 30 min, JI A 1 mL [ PBS, KT 7R 5], 300X g
250> 5 min, PBS {5 ¥E 2 3,300 X g &40 5 min, 7 i
T, % FH 300 uL PBS =& 3 38 f5 b i 2 4 B Az I
HUYH U 22 1H BCMA 5 BCMA-CDS8a TM ({2214 /K .
f# FH 0.5 umol/L LY411575 FiAb ¥ U266 41 i 24 h J5
W2 LY41157, 40 R A M 25 0,48 12,16 d i

U266 41l il % [ BCMA [ & 1E K F

f H1 0.5 pmol/L LY411575 kb P K562°MAM
SKOV3 ™MAMHT CHOP™ ™ 4 iy 24 h & , 5 X B8 41 g
F [ H anti-BCMA-PE %2 €8, 3t =0 4H B A G 0 41 i 35
[l BCMA-CD8a TM 5835 {A ik /K F- o
1.5 BCMA-CAR 1% j& & # Ak a9 #y 12

BCMA-CAR T 415 bt HIR T 71 WK 2,
¥ 4% BCMA-CAR [WA% & 7 51158 1 75 L3 (A
R 2ERH R A PR R T A3 5 . pHAGE 1299
BEAARZE Xba [ 1 EcoR 1 BV 5 , Bt 5 W0 1264
SRR BCMA-CAR #Z H IR Y 91 i24% 3 pHAGE #f4
343 pHAGE-BCMA-CAR 4 £ iA JF ki .
1.6  BCMA-CAR 1% 5 2 0 €3 iR 48 b i L 2

# BCMA-CAR = 4 5 b 5 4l B Jit K pMD2.G
pSPAX2 HL#% 4L 293T ZH L, 73 il i & 48 .72 h [ 411 fid
B 7% BB, 42 0.45 pum JE Sk U8 5 O B0k 46
PRI R LIEW, 725 T - 80 °CIRTT -
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4 293T 4l f Fe Fl T 24 FLAR , £5 3% 1 %, 4 5l
A 1224 pL 120 B U S, [F I 1 mg/mL 58 Bk
% (Polybrene) {2 J& 4%, 48 h f5 , fFHH EAH E A L
(Protein L) &5 & 4 il 3% [ %14 ) CAR ScFv /751,
FCM AU BH 14 41 i 1 2

THEO 3 1895 90 B (TU/mL) =41 g 50 BH 1
YA 5 2R ERUAA A (LD > 107,
1.7 BCMA CAR-T 064 %] & A% =

T 200 48 hisf (BCMA CARJH #4124 ),
5 FH 200 pL 29K B4 7 ug/mL RetroNectin Fi Bk G4
24 FLANBERE FRAR , 4 °CHliE AR 24 h, I 7 RetroNectin
TR, BEFLAE T 300 pl 2 2% BSA ) PBS = iRt
P130 min, W 7 35 BEFLAETH 300 uL PBS y&1E i ,
TCE 2% H 5 93 B3 B GL AT 3725 PBS; {1 EasySep™ Human
T Cell Isolation Kit, ¥t B 25 B M PBMC Hr4lifl 3k

5 T 410 ; K5 Dynabeads” Human T-Activator CD3/CD28
PR IREER S T A0 12 1R &, A5 10% FBS.
200 U/mL IL-2.5 ng/mL IL-15.5 ng/mL IL-7 [] X-VIVO
15 B H 7% 48~72 h i , B OB IBEE fo 1) T 41,
=T & 25xHitransG P % , 10 mmol/L pH7.4 1] 4-¥2 2,
FENRIZ 2R (HEPES) 2% M, 6 ug/mL Polybrene [¥] T
AR TR, 4% 5x10° 4N/ AL 4P T RetroNectin TR5E £
WEH 24 FLANH RS TR, #% MOI=10 A\ BCMA CAR &
I TEIR B, 30 °C 1 000xg .02 h, B T 41 ks 7548
H k8285 9% 5 S L 18~20 h /5 30 °C.300xg & 0> 5 min,
ST T A s IR R Ak S5 97 [ 4L 48 h Je (S FH I /)
DR L BRBOE MR K FL A 4R 3% 7% 2 AR f0.45 RetroNectin
A FUAR HR 4k 22855 75 5 )KL 72 h J5 , Protein LA CAR
FHPEZR

%2 BCMA CARKIEEB L IRBZERFY

E

K %

BCMA-CAR
BIER T H
(NZi—>Cli)

BCMA-CAR
%A 1 7 51
(5">3")

MALPVTALLLPLALLLHAARPQVQLVQSGAEVKKPGSSVKVSCKASGGTFSNYWMHWVRQAPGQGLEW

MGATYRGHSDTYYNQKFKGRVTITADKSTSTAYMELSSLRSEDTAVYYCARGAIYNGYDVLDNWGQGTLV
TVSSGGGGSGGGGSGGGGSGGGGSDIQMTQSPSSLSASVGDRVTITCSASQDISNYLNWY QQKPGKAPKLL
IYYTSNLHSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQYRKLPWTFGQGTKLEIKRTTTPAPRPPTPAP

TIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLY CKRGRKKLLYIFKQPFMR

PVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEM

GGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPRZ

ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGCTCTTCTGCTCCACGCCGCTCGGCCCCAGGTT
CAGCTGGTTCAGTCTGGCGCCGAAGTGAAGAAACCTGGCAGCAGCGTGAAGGTGTCCTGCAAAGCTT
CTGGCGGCACCTTCAGCAACTACTGGATGCACTGGGTCCGACAGGCCCCTGGACAAGGACTTGAATGG
ATGGGCGCCACCTACAGAGGCCACAGCGACACCTACTACAACCAGAAATTCAAGGGCCGCGTGACCAT
CACCGCCGACAAGTCTACAAGCACCGCCTACATGGAACTGAGCAGCCTGAGAAGCGAGGACACCGCC
GTGTACTATTGTGCCAGAGGCGCCATCTACAACGGCTACGACGTGCTGGATAATTGGGGCCAGGGCACC
CTGGTCACAGTTTCTAGCGGAGGCGGAGGATCTGGTGGCGGAGGAAGTGGCGGAGGCGGTAGTGGTG
GTGGCGGATCTGATATCCAGATGACACAGAGCCCCAGCAGCCTGTCTGCCTCTGTGGGAGACAGAGTG
ACCATTACCTGTAGCGCCAGCCAGGACATCTCCAACTACCTGAACTGGTATCAGCAGAAGCCCGGCAA
GGCCCCTAAGCTGCTGATCTACTACACCAGCAACCTGCACAGCGGCGTGCCCAGCAGATTTTCTGGCTC
TGGCAGCGGCACCGACTTCACCCTGACCATATCTAGCCTGCAGCCAGAGGACTTCGCCACCTATTACTG
CCAGCAGTACCGGAAGCTGCCCTGGACATTTGGACAGGGCACCAAGCTGGAAATCAAGCGGACCACTA
CCCCAGCACCGAGGCCACCCACCCCGGCTCCTACCATCGCCTCCCAGCCTCTGTCCCTGCGTCCGGAG
GCATGTAGACCCGCAGCTGGTGGGGCCGTGCATACCCGGGGTCTTGACTTCGCCTGCGATATCTACATTT
GGGCCCCTCTGGCTGGTACTTGCGGGGTCCTGCTGCTTTCACTCGTGATCACTCTTTACTGTAAGCGCG
GTCGGAAGAAGCTGCTGTACATCTTTAAGCAACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGAG
GACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAAGGCGGCTGCGAACTGCGCGTGAAATTCAGCC
GCAGCGCAGATGCTCCAGCCTACAAGCAGGGGCAGAACCAGCTCTACAACGAACTCAATCTTGGTCGG
AGAGAGGAGTACGACGTGCTGGACAAGCGGAGAGGACGGGACCCAGAAATGGGCGGGAAGCCGCGC
AGAAAGAATCCCCAAGAGGGCCTGTACAACGAGCTCCAAAAGGATAAGATGGCAGAAGCCTATAGCGA
GATTGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCACGACGGACTGTACCAGGGACTCAGCACC
GCCACCAAGGACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCCTCGGTAA
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1.8 #) 3 45 i 3xNFAT Response element-minIL-2P-
EGFP Reporter 7 %49 BCMA-CAR-Jurkat-Reporter 28 fic.

N AIE B SO 1) BCMA 5875 4% g A1 25 44 75 7] 4
BCMA CAR A %R , 75 Jurkat 41 fifd o 42 2 NFAT-GFP
REHEF RS Jurkat 41 & —FR{R B T NFATJAK-
STAT . TCR-CD3 %5 G T 4 s (5 5 4% Tl % A
ML T bk B R, 32 BT T 40 S oS
5 IE B R E A, 4 b 3XNFAT Response element-
minlIL-2P-EGFP Reporter [F#% 127 51158 i i 5 81
BRI R R A A IR A B AT 23 R S . K6k
(PIAZFE TR 7 51 FH 031 R 5 1 v b 42 pHAGE-
EF la 3044, #2517 Reporter R4t 1I185 75 ZARFURL.
1% MOI=5 1 F #4117 3XNFAT Response element-minlL-
2P-EGFP Reporter 5 4t [ 15 75 /% 4+ Jurkat 41 g , Jak 4
72 h JEAERSFRIE RN 2 pg/mL Puromyein I 1% 5~
7 d, ¥ KB 33545 NFAT-Jurkat-Reporter ZH itk . 447
BCMA-CAR % [ [ 18 /7 7 % MOI=10 FH #% 3 NFAT-
Jurkat-Reporte 4l ffl LA 3K 15 BCMA-CAR-Jurkat-Reporter
Yl , JE YL 72 h )5 Protein Lk 4t , HAli ki 04
R CAR PHPER S s AN, 64 KR 773K BCMA-
CAR-Jurkat-Reporter 41 ffl i .
1.9 Luciferase #7728 K562 "M 4 fign ] &

SR ARV HOR ¥ Luciferase S i i% £
R J7 41 v 1% 31 pHAGE #i Ak , B35 1 % X Luciferase |2
I 7, 4% MOI=10 J& L K562 "M 4R g, J& e 72 h & , BL
10°A/4LaM 31 96 £L 5 ot , BEFLIIN 10 pL 28K
4 3 mg/mL ] D-Luciferin, 1 000 rpm 7% 30 s 1827,
25 °CJ ¥ 5 min, bR Luciferase 1427 KOG
344 Luciferase b ic B #EH A (K562 M Luc) .
1.10 % & % 8 % 4 0 BCMA CAR-T %@ o 3F K562
BCMA Mut-Luc ® it 69 2 4% & M

K562 M Luc 40 % 10* N/ FLEEFN 2 96 1L H
R, LE I T=0.15:1.0.3:1.1:1.3:1.6: 1 (3L L
JI BCMA CAR-T 4l , B T2 f 5 7246 v 7l Lg%
710244872 h J5 , BEFLINIA 10 uL 249K %4 3 mg/mL
) D-Luciferin , 1 000 rpm #% 3% 30 s &5 , 25 °C 3%
5 min, BEARCE IS LR R BEAN AL 2 RO, LK
IS 17] 5 Mock T 4R R Ak 27 Y6 E TSR0t N e
[i1] 55 CAR-T 4t Jf L 155 77 2H AR 40 M (1) 798 26

T A 2 CAR-T %4753 o S840 L (R A7 3% =X N7
B 1] 50 CAR-T 40 i 3 855 2% 41 A4 2% 5 o 5 B /%) . B
1] 5 Mock T 41 i3t 55 7R 20 A2 2 58 5 < 100%
111 R RARITH & 28 0 50 H74 K (RTCA) 4 0]
BCMA CAR-T %@ it 3 SKOV3PMAM  CHOP™MAM™ 4 fis, 64
FApE

# SKOV3PM M 4f iy, CHOP ™ ™ 41 g #% 10%/4L

73 AR 2 RTCA MBS 7oA, 35 9% 18 hid B K
S, B 101,311,511 [f] SKOV3EAMu 2]
B35 N BCMA CAR-T i i, 3% 8L 301,521,
101 ] SKOV3* ™™ 4 Jf il A\ BCMA CAR-T 4 fitd
AREEREFR 72 h, il ARG RSG5 2R .

1.12 %tk
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