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Low Temperature Electroporation Combined with Sleeping beauty Transpo-

son System Enhances CAR-T Modification Efficiency
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(‘Southern Biomedical Research Center, Fujian Normal University, Fuzhou 350117, China;
*Fujian Key Laboratory of Innate Immune Biology, Fuzhou 350117, China)

Abstract CAR-T cells (chimeric antigen receptor redirected T cells) have shown the beneficial effects in
patients with B cell malignancies in clinical trials. The CAR-T cells were generated from patients’ blood using the
PBMC and introduced in CAR constructs, then the genetically modified T cells will gain the anti-tumor ability and
kill tumor cells. DNA electroporation could be more convenient and cost-effective, but this approach required to
co-cultured CAR-T cells with artificial antigen-presenting cells for several rounds, which reduces the yield and ef-
ficiency. Thereby, a convenient, efficient and low-cost procedure for CAR-T cell production is urgently needed. In
this study, we optimized a DNA electroporation procedure for making CAR-T cells by fresh PBMC, which includes

using very high voltage to introduce the Sleeping beauty transposon/transposase system in the low temperature
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condition to directly express a CD19-specific CAR and produce modified CAR-T cells in the presence of specific

cytokines. We examined the CAR gene integration and expression in the T cells derived from PBMC after prolifera-

tion. Results showed that the cells display cyto-activity and cytotoxicity against the cancer cells in the co-culturing

system, and the lentivirus transduced CAR-T cells have a comparable efficiency. In conclusion, we developed a

systemic approach for producing CAR-T cells based on the Sleeping beauty transposon/transposase system and

electroporation, which essentially provides an alternative method for CAR-T-based therapies in clinical setting.

Keywords

AR, S MG IT 52 B2 R0, BRI
B A 335 A 5 40 B (lymphokine-activated killer
cell, LAK)YG 7™ i 98 ¥ Ji 3k O 4 Jfd (tumor infil-
trating lymphocyte, TIL)VAJ7P AR i T 1 4%
155 48 i (cytokine-induced killer, CIK)¥A J7%%, ix 4
T 4% 41 i 4 % V5 9T (adoptive cellular immune-therapy,
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A PR Z RIS, 25— CARZ M, i
TR AE) R Jib 88 2 THT 70 iR P S B A4 P AR X B
(single chain variable fragment, scFv). 55X FIHL P
(X CD3C 1 G 5 52 4 it 2 R W% A 2 P (immune
receptor tyrosine-based activation motif, ITAM)ZH %
scFvA] 47 5 P 15 ) Jif 98 AH 2C T B (tumor associated
antigen, TAA), ¥iEWAE 5L F E2MA, JE3IFFEN
RSB SR, Ry SR O R A H TR
T () T4 3 5 e D A 23 WA 4t i IR - e 0 % 5,
JIT VL TG iRAE AR N 3R AR B2 i TR AR . i Carl
JuneZ5 7R LA 5] ACD281, CD134(0X40)75,
CD137(4-1BB)”FIDAP 10! 31 1) 34 47 (costimula-
tory molecule, CM)", ¥ it tH PhscFv-CM-ITAM{ik &
155 3 28 — ARCARs(HL AL 31 373 1) ¥ HllscFv-CM1-
CM2-ITAM 3 = ARCARs(R L33 73 7)1, A ZURl
AT MR ASGHH, B2 e T40 M g A st 1X—
S5 K B SRR IR PR IR T RS B 2 AL, FET2011
ERER T N HCARIE T M i D T7 18 14 94 B2 48
J (1 11975 (chronic lymphocytic leukemia, CLL)FIIf AR
Wik 2, & BCD19-CAR(scFvCD19-CD137-CD3()
AR T4 M AECLL YR ¥ 77 T AT 3K SR>,

chimeric antigen receptor; CD19; electro-transfer to T lymphocytes; Sleeping beauty; lentivirus
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R OE A ARG R I TAH 34T S 48, TR G oA A
FECAR-TZH ML d5 )32 AT, H 21800 55
BRI FEFERT AL A E . R KB DL AFAE R g
SR B B[R 2 1) 2 A PR A5 ) RV R e
I, PRLIEG T 2 — P B0 2 4 v 23K ) 38T RO T4 B 2
JEJC REE, K, SINGHE Ik 15 T %
JBE T3 A I SE N (Sleeping beauty, SB)F4ZE [FJCAR-T
RIERG, LRGN BRI, IR T
CD19-CAR-THH I, £S5 FA% V TAR M & 1% . i%
B JRE T 2R G0 B B o R B R i RN A T H R R R
L it 1) e 7] #5741 (IR/DR) TR AN iRz . CD19
EBM R R RIS R 2, IR TT Bk R AT
B AU, SR, AR BT IS B g AL T
FNFAR, HRB MR E R0l 7EEE A
BT 3RIA R, 18I B G AR AL, ST
TR E I NAME IR AN R A1 Y (peripheral blood
mononuclear cell, PBMC)#% Jefk %, il £ CD19-CAR-
TAH A, FF a8k i =X 20 B A 40 B v P A, i Sr 1 —
T i B R TAH M S 587 2%, 2T VE ARG #R4E
4k, B LT ERNNE Beaettde, 2T
15 RCAR-TVRYT o

1 MR5REE
1.1 ZRpaFn Bk

PBMC( A Z1J& Ifil 5/ 40 i ) B H 23~28 % gk
FREJEE , SR 7 AR 2 A B B At DL
ZARH FIE R Jeko-15 KS6241 ey | o [ &} 2%
B 200 16 P22 ; 293 T4 i >R [ A S2 6 =5 P A7 I i 4
I J& 4 H GibcoZy 7] ; DMEM. RPMI-1640. PBS%Z
M. Opti-MEMI H Hyclone s &) ; 43t %¢ 6 25 H
JF BipMax-GFP. X-VIVO'Sitk [ 40 g G ifi 75 1% 75 &
I H Lonza/s &); ¥4 e 2 GiSleeping beauty ) 9 /™ it
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FipT2/SVneoAMISB100X H Addgene s &l; 18 ¥ ¥
FAEEFRIPLP1. PLP2. VSV-GX H AL = E 17
1.2 57 51LER

Ficolll FIGEA w]; H4H A F 4 f /- %2, /b
B T A CD3H 5a [ 514K 1 [ Genecom A ;5 /N B 47T
N CD28 5 v [ HL AR ) B AL 5t Rl SL IR A 7 L%
Ws 120 pLHUFEAR . LA H Celetrix 24 73 CAR
TEST-1945 055 &6 B CytoCares A ] ; A IFN-y
ELISAIR & B Neobioscience/> W] ; CCK8# il
A& 5 AL 2 XN A EAR A R A A5 IRDye
680LT donkey anti-mouse IgG(H+L). IRDye 800CW
donkey anti-rabbit IgG(H+L)J H Odyssey A #] ;
Fxiable Viability Stain 620, APC Mouse Anti-Human
CD3. Percp-Cy™5.5 Mouse Anti-Human. it 3\ 41
Hg 4% ¥ 1 HBD /A 5] ; CD247 Rabbit Polyclonal anti-
body.GAPDH Mouse mAb/!4 F ProteintechA @] ; PCR
S AR M EREY) A B A R BRI B RER I
Vi AR BRI E A TN TR BERnA
PR 2~ 7] 4 B35 72814 H Thermo A 7]
1.3 EWHE
13.1 PBMC#z &3z HlHUA25 mLAMA I,
A F Ficoll s B2 16 2 125 .00 73 15 4 11, W SEPBMC.
X-VIVO $s 77 5 5 & B T 6L M, % & 1x10%mL,
37 °C. 5% CO.}5772 h, ik B MRS A ANDCHH i B,
HCHPBMCE T #r6fL ik, MNX-VIVO"(#%500 U/mL
thIL-2. 200 ng/mL human CD3/CD28)%% 5%
1.3.2  Sleeping beauty¥s BB A E  AoCdEE
[ 5 2 20 1) 77 2U(LIC)IEAT H B ECA B R 2, ANt
EH . M HEprimer premier 615 T HTCD19-CARIY]
LICH 34 51 Y3k 1), BL& B R 51 9B, PCRY™ Y
RN H I 7B BIKJE VIR IEL . EcoR V. Bstb T
By V)pT2/SVneo® A4, Kt H 1 v Be M1 i 1) 2 44 4
LICTT VM, MR 2250 ng#fi. 50 ng H # A B

1 puL Exonuclease I1I. 1 pL 10x EXO III Buffer, 7K
F10 uL, & TPCRIX 4 °C. 60 min; 85 °C+ 5 min
B RN A BRSO AR T AR A =T 4
JE o

1.3.3 pMax-GFP#.44 £PBMC 4 B 572 KPBMC
HE e B, K120 uLAk R 107PMBCHH
Jl, 10 pg pMax-GFPFURLFC il ARG 1A R, %€
(1) HL e SO AT FEL R (FR2), LI I AN B 4 b 31
X-VIVO"(%500 U/mL human-IL-2. 200 ng/mL CD3/
CD28. 10% FBS)#5 7%k 1124 LIk N 557

134 {&2 KA FpMax-GFP & 4% £ PBMCA ¥ 3%
Y b EE K AR R E L1383 HIREHRRSH
M )4 °CIRIRALFE3~5 minjG, SR E B ES
HOAT B IR (R3) . HL S R 4B B Bl T 24 FLAR A,
IIAX-VIVO" #5577 5(%10% FBS. 500 U/mL IL-2.
200 ng/mL CD3/CD28# v &4 ) E 137 °C. 5%
COIEFRAR L TR Frdl i B R SR HIT, FF2~3 K
FX-VIVO" 3 7= B AT A5 AX, 4HH% FE1x101/mL,
DA SR L E 5 2R K AN SR

1.3.5 AR gmiedn KA S A0 R,
H2x10NPBMC4H i1 000 t/min, & .05 min, 7 b
o MIA300 pL PBSFIN B Yehl/ vk e i i &
30 min, PBSTH e Ja 247 X B

1.3.6  Western bloti2 ] CD3(% & /K-F Sleep-
ing beauty’% i ¥ Z 4t M 1 i £ SB-CD19-CAR-T4H
Jia, 147K J5 B4 i FH 7074 PBSYE ¥, I\ 4 i 24 i
(1% PMSF)Z AR 41 i 2 X 25 . SDS-PAGEHL
WK, FRRENE FIPVDFE, 5% BSAEHA1 h, IIA—4i
CD3{(1:1 000) 4 °CII A H - TBSTULER3IIK, FHXT
min. JIAZEEAREH ZH1(1:10 000) = IR E G &
1 h, f# FOdyssey»% Yt & 4

1.3.7 PCR#&MaCDI9-CARY %.:L  Sleeping beauty
B RA T R G5 HL 1) 4 SB-CD19-CAR-THH g, 14K &

&1 #iCD19 CARKILICH #5(4
Table 1 Anti-CD19 CAR primer designed for LIC

519 F# 51 PR
primer Sequence Product length
SVneo-aCD19-GFP-F ggg age ttg gat atc ATG GCC TTA CCA GTG 2 364 bp
SVneo-aCD19-GFP-R gte ggt cat ttc gaa TTA GAATTC CTT GTA 2364 bp
SVneo-aCD19-F ggg age ttg gat atc ATG GCC TTA CCA GTG 1 656 bp
SVneo-aCD19-R gte ggt cat ttc gaa TTA GCG AGG GGG CAG 1 656 bp

NG R A R, K TR F I 5% .

*The lowercase part is the homologous arm, and the uppercase part is the binding part of the target sequence.



XA 5 AR AL B Sleeping beauty#% 6T R G 58 CAR-TIE i 34 R

2371

*2 BESHRE
Table 2 Electroporation setting

HLEE/R i /27 /A 1] B [
Voltage /V Time /ms Impulse /number Interval time /ms
1000 20 1 0

820 30 1 0

710 20 2 2
1100 20 1 0

900 30 1 0

780 20 2 2
1200 20 1 0

980 30 1 0

850 20 2 2
1300 20 1 0
1 060 30 1 0

920 20 2 2

3 REBRESHIRE
Table 3 Electroporation setting with low temperature

HL /AR I []/Z& 75 Jika/A Il
Voltage /V Time /ms Impulse /number Interval time /ms
1120 20 1 0

1150 20 1 0

1180 20 1 0

1210 20 1 0

1240 20 1 0

K 44T L P ) 1 R AR A ) 35 DR 2 2 Bt 1) e e R [
ZHDNA, ¥ B B B 230 ng/uLF #FTPCR.  J2 B
241498 °C 5 min; 98 °C 10's, 59 °C 55, 72 °C 10 s,
32 AMIEFF; 72 °C 10 min.  1.5%35 A5 HE HEL kARG I o
13.8 1% % & HAKpCDH-CAR-T@ Je th &
Je HEAT 12 955 B AL %%, {8 FIPLP1:PLP2:VSVG:pNL-
GFP/pLvx-CARFURLI% I8 2:1:1:24% 4 293 T, (pNL-
GFP1% 95 # 9 )t JJi R A X i, pCDH-GFP A % 6
CD19-CAR¥ 15 95 8 i kr), ¥ G 524 hifg 55 55 9%
3%, 25 000 r/minE 0, 2 Wik 4955 B8 AR e K
PBMC, INX-VIVO ;72 L B T-37 °CHi IR 55 7%
13,9 @ieFHA G han  KCAR-TAIHE
5390 5 #E 2 i Jeko- 1 TN RE 41 B K 5627 & 15 7716 h
J&, B FE B 20 5 FHELISARI CCK 86l 71 e A
DUTFN-y PR RS I X CAR-TAR BRI R AT RE /7
14 ZEA%

SI6 B4 % ] GraphPad Prism 8084420 #7, #E4T
MOSTFE SRS, AT R EEER. P<O.0SEA S

2 &
2.1 FINH3EpSVneo-CD19F1pSVneo-CD19-T2A-
GFP#H{K
LA A B R AR, 8 IEPCR 43 i 15 3] 4 i
J# KL pFMC63-4-1bb-CD3{ A pFMC63-4-1bb-CD3(-
T2A-eGFP, — & # £ 757 % 1%4-1bb-CD3C Y CAR 4
M, J5 5 0 2 1k 25 688 ' B 1 (green fluorescent pro-
teine, GFP), Al T2AN i V) E| 5 5CARZT B - 1%
I B FBLUK S, TT L1 656 bpFl2 364 bpi itk
i (B1A). EcoR V. Bstb INE§Y]pT2/SVneo# A,
HL KA (B 1B FIHLICH K B 9 F B4y 3 A
AN B i R A S AE — 2, BhiE v B S5 I 5 FH Bioedit
EEXH(EI1C), BRI G o &5 5 — %, iF B M e R
.
2.2 FEIEHEXTpMax-GFPE 5 PBMCHI 2
HW AT, WA FE S HOk & H GFPI ik
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(A)

2000 bp 2000 bp

©

1-7-2
FMC63-4-1 bb-CD3 zeta

1-7-2
[FMC63-4-1 bb-CD3 zeta

2-5-4
FMC63-4-1 bb-CD3 zeta-T2A-eGFP

2-5-4
FMC63-4-1 bb-CD3 zeta-T2A-eGFP

B)

10 000 bp

A: B BPCRY 1 J5 I HLIK 45 2R, 72 IpFMC63-4-1bb-CD3CF 41, 75 JypFMC63-4-1bb-CD3(-T2A-eGFP)F 4; B: pT2/SVneo XU BV = 1kt
Jisz LUk 5 L, 19pT2/SVneo i fi FL K 25 5, 2 9pT2/SVneo WU ] FLk 5 S5 C: pT2/SVneoill /525 . 7 4% pFMC63-4-1bb-CD3C F Bt 1Y) = 26 il

i, A pFMC63-4-1bb-CD3C-T2A-eGFP J B (1) 5 25 J5 b .

A: the result of PAGE after PCR amplification of the target fragment: pFMC63-4-1bb-CD3 Zeta sequence on the left and pPFMC63-4-1bb-CD3 Zeta-
T2A-eGFP sequence on the right; B: pT2/SVneo double enzyme digestion products; 1 is pT2/SVneo sequence; 2 is pT2/SVneo double enzyme diges-

tion products; C: pT2/SVneo sequencing results: recombinant plasmid ligating pFMC63-4-1bb-CD3( fragment, recombinant plasmid ligating pFMC63-

4-1bb-CD3(-T2A-eGFP fragment.

Bl Sleeping beauty5% FE R FI 32
Fig.1 Construction of Sleeping beauty transposable plasmid

pMax-GFPHL 3 PBMC, 12 hJ5 7£ 9¢ 6 & i e N W %2
LK GFPRIBTEIL(EI2A), FXS A 4 kA7 7
Hr(E2B). &5 5 Row, H T 4 i B 1 40 1 4
B, FH41 200V 20 ms; 980 V 30 ms; 850 V 20 ms,
2 pulse, 2 ms =N a5 PR LI /&1, ToiE HUAR v 41 A
VA . A& 1 100 V 20 msHLEL R
HiFe 7E1200 V 20 ms I, A L-F4s3BAET, Hiid
BT, 1200 VE 240 f A 24K 52 1) LB AR
PR TEARIEACME T, TEA R HE T 47 pMax-GFPHL
HPBMC, 12 hfg MEZZ 1L FGFPRIAE HL(E3A), JF
XA AT IR i (BI3B). 45 R R, (KiAb
FH, 1210 V.20 ms HUFZ R B 5 o 1 240 V.20 msFH K
ERT & 40 M P 25 T A, v 40 56 (41 I 2 (13 A), BB,
IR 40 i F A BB ORGP VR, BEER = 40 it v
JEHIASZRE T . DRI e IRIR AL T, 1210 V. 20 ms
NG U2
2.3 Sleeping beauty¥s FE-FH ¥ PBMCH HI &
RIEFEENERE

R FaR g5 R, ik R EZS 0 210 V 20 ms
RS AT ¥ . 45 R EIR, fE(RIE T HGFPYE

SB-GFPJii #1437 HL #PBMC, 41 ity 3 & b & £ 9%
KA BN, 15 R W E 2180% LA L (El4), @it
FER I K I, & A % )8E - Sleeping beauty 2 4t 1) SB-
PBMCH, GFPF 1 &[5 25 i [H] 38 i #a 1 %2 e
T AY HL ¥ GFP 5 RL I PBMCZH, GFP# ik & i I [A]
(1K) 38 T T AS 7 BAIR, £520°K SB-PBMC4LGFP1 %
i5 & W 2 5 T GFP-PBMC4L(P<0.01)(E5A). it
KW R I, SB-PBMC4LH1CD4 THICDS T4H i
GFPF 1A & B 4 K 72 RECA Wi in (B SBATEISC).
N T AR J5 SR S50 20 B U R SRS, RATE R
AR B R A R IE AT . 251
IR, aCD197] DL it Sleeping beauty R G & &
PBMCHH A & (K 20 i, A I B CD3¢HER H R 1A
().
2.4 [KEAIESB-CAR-THRRMEREFEMS
HMERm

T HE— B U ESleeping beauty’ 1K) 1
SB-CAR-THH ifd 1) 7 4 0 2% 473 S0 200 B 1) R 77, AT
[F) B A5 FH 12 95 75 24K #:) @2 pCDH-CAR-TH ifg i3k 47
S R, G g L s o) 45 R SB-CAR-T 5 18 % 75 1] 4% 1)
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(A)
1000V 1100V
20 ms 20 ms
50.pm § 50 um
820V 900 V
30 ms 30 ms
50 pm 50 pm
710V 780 V
20 ms 20 ms
50 pm 50 pm
® - -
g4 S 10.7% 847 6.8%
= 5 =
& ~ VSE
1000 V EO 1000 V E 900 V :F)%E
20ms Z_ 20ms 2 30 ms %gé
2 =
illllil})2 IIIIlII 5 T 134 T |II|I{I£)S T Illllil(l)z I”"{'bg T I”“1"4 IIIlIiIl05 T IIIIIII|2 T Iillllll(|)‘x T IIIII1|34 T II|I|1II|05 T
BB515-A BB515-A BB515-A
—c = -
e 5.6% g 0.3% g% 5.9%
xg g zg
o (3]
820V <2 780V < 710V <g
o~ 9 O~
30ms G 20ms 4 20ms Z_
g =
2 =
T IIlIII| IIIIIII| T llllllll TT I|IIII| T
102 10° 10° 10° 10° 100 108 10
BB515-A BB515-A BB515-A

A: FIRE, ANFEHEESHCN GFP R Y PBMC i GFPEILE IL; B: PBMCA HLA ZH R A HT -

A: expression of GFP after electro transfer of GFP with different electroporation parameters into PBMC at room temperature; B: PBMC electroporated

by different conditions and analyzed by flow cytometry.

E2 AEHRZESHTGFPEREIENR

Fig.2 GFP expression in different electroporation conditions

pCDH-CAR-T4H fECAR %> T K 1A TFN-y B i J 4
Mg, DA (I LA 1) 2% I CAR-T4H M 2
REMT. S L 2 2 A 2 1 f5 T4 M 3% T CARTH
FEIEHEATRI , JIE ] SB-CAR-TZH 1 5 pCDH-CAR-
T4H g F)CDAFCDS Y. #f 1 THH i H 35 B 71 41 i 3=
[ 22 3K Jir 74 22 IICARES ¥4 (El7). LhJeko-14 #E 4H
Jif, K562 9% HE 40 ff, F£55% 7224 hJ5 SB-CAR-T4H il
IFN-y % i & A2 317.73+1 335.57 pg/mL, 5pCDH-
CAR-THIfuAHIE, H51EH PBMCHISELN M 1 77 45
FA 0 5 22 5 (P<0.01)(FI8) . K #E 4 At A1t HE 41 Al

DAAS [R50 B AR 3 7%, R0 ELAE 10: T, AT 3
50% LA b ) S0 40 A 24 i, 241 P 25 4 61.76%46.68%
(n=4)(19).

3 g

AW T 18 i Sleeping beauty & 4t 46K iRIR &
T HL R H B ) 45 CD19-CAR-THH g, L %% 2 R 7E
58.8%+4.1%. HL ¥ J5 2 i v 3@ o 48 0 40 i ERL -
TN B, 75 5 R GFP JL CARSE 4 Fa g ik 220
K, FFREIX /rCD4FICDSZH A . CD4FICDS L
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(A) Bz o

g4 8% 59.0%
So 30.7% SN
& &
38 <2
1120V 1120vZ2 1210 V3 2]

20 ms 20ms 20ms 73 el

24 2

50 pm

1150V
20ms §

1180V
20 ms

50 um

AR

Az PO BB T M ERIFIC L GFPRIL LRGN (1] 37; B: PBMCAIGIR 214 T 4% fo i 2 50 s #r o

108 10¢ 105 10
BB515-A BB515-A

50.3%

1.000)
0 250

36.0%

&
1240 VS 23
20 ms % §-

SSC-A (x1 000)
50100 150 200 250

[ BT S
by

10 10 104
BB515-A

38.5%

102

10° 10*
BB515-A

10°

1180V
20 ms

SSC-A (x1 000)

=3
et
«
=
24
&
=3
7
=3
=3
=3
bt

3

1 1
BB515-A

A: the expression of GFP under fluorescence microscope and the corresponding bright field; B: PBMC electroporated by different conditions with low

temperature and analyzed by flow cytometry.

E3 RIRLET, TRIEZESHGFPEZPBMC 12 h/FGFPHIRIAIF R

Fig.3 Fluorescence expression of GFP after electro transfer of GFP with different electroporation parameters

into PBMC under low

temperature treatment

A B Cell culture viability
( ) Cell culture count ( )100
60y = Mock
-+ Mock 801 -+ GFP-PBMC
504 -+ GFP-PBMC = SB-GFP-PBMC
— e SB—GFP—PBMCe\o
§ 404 }60
7 301 =
%’ S 40
O 204 >
104 204
SERVEEGEESEE N N SRS S N AN

A: KHEALFE N, GFP5SB-GFP /il L % YL PBMC Ji5 14K N, 4l 3 AE $ e, B: PBMCTE 14K I, 41 HRE A0

A: cell proliferation was detected within 14 days after GFP and SB-GFP were electro transferred into PBMC respectively after low temperature

treatment.; B: cell viability was detected within 14 days after GFP and SB-GFP were electro transferred into PBMC respectively after Low temperature

[E4 Sleeping beautyss FEF Z 5t A ¥ PBMC 5 ZHAE OIS TE K JEZ 4G

Fig.4 After being transferred into PBMC by Sleeping beauty transposition subsystem,

treatment.
the results of cell proliferation
bt 2> R WA T ML A 13 e 70, X AE R ik 5 iR 18

MRTAH A TAE H 2 #oE™.  H A7, CD4RICDS8[)
Bic bt & CAR-TYR YT TE I R YE YT [ 4B B i) — AN B 2
R E R, 3@ 7 [T, CD4:CD8H E A # %
AR/ AP, SEg v, fE7TR Z J5CD4:CD8HY L
EAEL.0:1.57c A, WT LAY A2 [l 75 >R Bl 40 B %
SEOGFE R . AR S H B2 £ X CD194T i ICAR
S5, CD19/EBIHR T8 40 i 32 A i I . RIA
B Z, B RCA 5 R 9 48 TA0 MR VG T 535 i 1) 42

and cell viability were detected

s WRTEIRIRIGTT EROBGEE, EHxt St 18k
Bk L (41 1L 995 FOBAH i 41 2E A 4k TR (BB A7 . 3@
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Fig.5 GFP expression after electroporation of PBMC in Sleeping beauty transposon system
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A: detection of aCD19-CAR expression by PCR; B: identification of CD3( subunit expression by Western blot. The two groups of electroporation sys-
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Fig.6 Expression of target gene in SB-GFP PBMC cells
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