b E 40 A Y2424 Chinese Journal of Cell Biology 2020, 42(4): 648—655 DOI: 10.11844/cjcb.2020.04.0012

$BEBCMARYSE Z /=R CAR-TZHRE K H i
RhfE A T RIS I M 5T

KFOLH EWE RFE OAF FEMA HEART

("PU R R B, BUREDR F R, FK 400038; 2 RIS, KIS IR 2= B, ARk =B, I3 325035)

HWE  ZARAUR AR L5 EME 44 1BBRICOSH F K Anti-BCMATE 5% & & ik 8,
K, VAR B 6, 403% 7 A2 08 B F 64 5 = K Anti-BCMAIR 7 # &k &K, 8 18 %) &40 512 5% &
R ACD3 TR, 4 7| 3K1F B BCMAK 5§ — KA F = RCAR-T@ ., A4 % &, vAICOS
A 3 H A F A A4-1BB A 25 R T 49 % —ACAR-THAT I & HABM, BRIk A 2:10F, 4
ICOS3k 41 i I F b 4-4-1BB 3k 4 A F 9 % —4XCAR-T 48 L3t U266-lucgfpm JiL 49 45 5 255
¥ H2:1. 5:14210:18F, % = ARCAR-T 28 i3t U266-lucgfp 28 I 4 7 4% 2 W& T 5 =X, 3K
$erb20:10, % KA 5 =R CAR-T@ e U266-lucgfp2m itL 44 4% 3 ) #RiX 5)90% A b, 2% 5 F
stEBLE, 43 LR RAFR R T oG BCMAR) % KA % = KCAR-T4 i, LT 5% 345
FXBCMA & I J& ta e, B ¥e @ BCMA®) % —AXCAR-T4 bt 5 = AR AV I8 tm et 45 2 ) E3%

XA BYUARIAPUE; CAR-T; ZE[RIGYT; £ K M5 588 ; 1COS; 4-1BB

Construction of Second-and Third-generation CAR-T Cells Targeting
BCMA and Analysis of Their Antitumor Activity in Vitro
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Abstract This study constructs a lentiviral expression vector of the second-generation Anti-BCMA CAR
containing 4-1BB or ICOS by genetic engineering, and a lentiviral expression vector of the third-generation Anti-
BCMA CAR containing both of these costimulatory signaling molecules. By transducing human CD3" T cells with
these lentiviral particles, the second- and third-generation Anti-BCMA CAR-T cells are obtained, respectively. Our
results showed that the second-generation CAR-T cells with ICOS and 4-1BB have similar fucnctions on antineo-
plastic activity. Whereas, when effector/target was 2:1, the cells with ICOS showed better killing effect to U266-
Lucgfp cells comparing with 4-1BB. The third-generation Anti-BCMA CAR-T cells executed lower cytolytic
capacity against U266-lucgfp cells than the second-generation CAR-T cells at the ratio of effectors/targets were
2:1, 5:1 and 10:1. But when the ratio of effectors/targets was 20:1, the specific lysis rates of the second- or third-
generation CAR-T cells against U266-lucgfp cells were both above 90%, which were significantly higher than those
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of control T cells. In conclusion, this study successfully constructed the second- and third-generation Anti-BCMA
CAR-T cells, which efficiently killed highly-expressing-BCMA tumor cells. And the second-generation CAR-T
cells targeting BCMA had stronger killing effect on tumor cells than the third-generation CAR-T cells. Besides, the

second-generation CAR-T cells targeting BCMA had more potent killing effect on tumor cells than the third-gener-

ation CAR-T cells.
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Table 1 PCR amplification primers

Elk/EARS SIFPFI(5—3")

Name of primer Primers sequence (5'—3")

BCMACARFOR TCG TGA GCT AGC CCC GGG GCC ACC ATG GCC CTG CCT GTC ACC GCT
BCMACARREV CGA TGG GCA GCC AGA AGT CGC AGG CGA AGT CGA GGC

1COS-CD3FOR
1COS-CD3REV
CD3FOR
CD3REV
ICOS-4-1BBREV
4-1BB-CD3FOR
4-1BB-CD3REV
BCMAFOR
BCMAREV

TTC TGG CTG CCC ATC GG

GCA GAC TGA CCG ACG TGA CTT TAA GGG TGAAGT TTA GC
AGG GTGAAG TTTAGC AGA TCC GCC

CAT GCAAGC TCT CCC TCC TAG GTG AAC GCG TGT TTAAAC AA
CTT CCT GCC CCT CTT TAAAGT CAC GTC GGT CAG TCT GC
AAGAGG GGCAGGAAGAAGC

TTG TTT AAA CAC GCG TGC ACT CGA GTT CAC CTA G

GCC CCG GGATGT TGCAGATG

CCGAAT TCT ATC TTC CTT AGC
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1 U26641 HufL 2 O6AE ; Min: ddH20H & 1] U266
Y M FLIG 2 AE,; Ve SEIRFLINAS 1) 5% M) -
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T, @i R B35 501, fr 6 U S L (K12).
2.2 BCMA-CAR T#pHE0H &

¥ pLenti-BCMACAR-4-1BB. pLenti-BCMA-
CAR-ICOSHlpLenti-BCMACAR-ICOS-4-1BBHE 41
JFRL 0,25 R 12 5 B S S e N CD3" T4, ARG 4H
VERXRTHRA, SR Ja W R 20 B o P I QP A A %
M CARMIFIPERIE R, g4 R EIR, Anti-
BCMA-4-1BB. Anti-BCMA-ICOS. Anti-BCMA-
1COS-4-1BB2 ik 8 8K 5 3 2% 70 71 N 41.9%
58.0%7H1 34.2%, FFxf RIEE HLEEAT 704, 45 R A
Bt L(P<0.0001, EI3A). & Anti-BCMA-
4-1BB. Anti-BCMA-ICOSH1 Anti-BCMA-ICOS-
4-1BBEG #E /& A CD3" T4/ , Jic sk HAE &
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2.3 FRZMpERYIIEE

N T BRAIECAR-TEH xS T BCMA FH 4 i 8 4 i
(%568 17, AT pLenti-EF 1a-BCMA-Lucgfp i i
A0 25 1875 B S e N BB 41 BB U266, ARG N
X FRAH, 7  m R IABCMA [ U266-lucg fp$E 41 i, iE
T v A AR A T R 4 i U266-lucgfp R IABCMA T
R FIGFP IS L, 45 5 73 50l 964%H185%(K14) o

(A) cpssp Anti-BCMA scFv CDS8 Hinge+CDSTM ~ 41BB  CD3¢
| | | | | |
(B) cpssp  ami-BCMA scFv  CD8 Hinge+ICOSTM — ICOS — CD3¢
| | I | | |
(©) cpssp anti-BCMA scFv CDS8 Hinge+ICOSTM ~ ICOS ~ 41BB  CD3¢
L | | | | [ |

A: F4-1BBILHIH > 1 (155 — AACARZ M 7R B, B: HICOSILA B2 1 (1 25 —ANCARG M7= AL, C. 5 4-1BB IICOSIL A 70 () 25 =4

CARZ M RERE.

A: the schematics of the second-generation CAR molecule containing 4-1BB costimulatory factor; B: the schematics of the second-generation CAR

molecule containing ICOS costimulatory factor; C: the schematics of the third-generation CAR molecule containing both costimulatory factors with

4-1BB and ICOS.

Bl EF-RKME=KCARSFHEHREE

Fig.1 The schematics of second- and third-generation CAR molecule
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Marker pLenti-BCMACAR-41BB Marker pLenti-BCMACAR-ICOS MarkerpLenti-BCMACAR-ICOS-41BB

5000 bp
1500 bp
500 bp

[E2 pLenti-BCMACAR-4-1BB. pLenti-BCMACAR-ICOSFIpLenti-BCMACAR-ICOS-4-1BBE 4H B )] & E 45 R
Fig.2 The identification results of recombinant plasmids of pLenti-BCMACAR-4-1BB, pLenti-BCMACAR-ICOS and
pLenti-BCMACAR-ICOS-4-1BB by restriction enzyme digestion
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2 ##*P<0.001, ***+P<0.000 1.

A: human CD3" T cells were infected with different CAR molecules,their expression efficiency was analyzed by flow cytometry; B: human CD3" T cells
were infected with different CAR molecules,record its amplification curve; ***P<0.001, ****P<(0.000 1.

[El3 BCMA CAR-T4RRH| & B L E
Fig.3 Identification of BCMA CAR-T cell preparation and amplification

Blank U266-lucgfp

0 0.40% 8.16%

BCMA

Q4 Q4 Q4
15.50% 84.10% 6.74%

GFP

El4 AR LMABBCMATRIE
Fig.4 Detection of BCMA expression in target cells by flow cytometry
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E5 TR ZHT, LR EICAR-THA X FE#E 4R A R 1A 1E A

Fig.5 Comparison of killing effect of different CAR-T cells on target cells under different target-effect ratio conditions
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JE A S PSRN M 2 . FRATTIAT T 4518 5% R —
2, K ICOSHE ACAR A F| T CAR-THH i 2 ik 42 241
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RAE LT, 25 = ARCAR-THH L %473 i 983 240 Jfd ) i
B ARES . 5B T ARCAR-TEHHE +, PAICOSTE N
LR ¥ FICAR-TAH L 5 O 4 ikl i 1) LL4-1BB
B g )38 3 T IIC AR-THH 0 5 g A 2 7% 475 fib
T M, IF HAE R L N2, P Al A
F(P<0.05). X i B, LAICOSTE Ay 44 3l 3 43 7 1)
CAR-THH 5 H A A557 11

FH AT E, K2 H0lm PR EE A58 42 R
¥ CD8 1 CD4 AN E A TA4HA 1, CD8" T4 2
22 i () 240 0 B E T2 P (cytotoxic T cell, CTL), FoAl 145
F1 CD3" T A& 4lifk (1) CD8" CTLKAN 7 CAR
HIZRIL, 2K CD4" TA M C ik B AT 358 CD8™ T
Hf ) ThRe Y. e b, 58 =X CAR-TAM/ESE —
R HEERE ERAR T — A3 7, St — ek
TCR/CD315 5, W H A0 M i) A% g Jobkag . FRAT
PIWEFLaE AR, AR IR EL R, 55 = 4R CAR-T4H
1 25473 Pl e 4 B P e B AR TS . B, AT
FHA AL T AR ) CAR-TI MG, A TR —
B, (572 CARMIM Py Z5 A AP RT VG AN R . 45 2R
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