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e F A, BB AH CAR-T @iestst FARIG 66T RAEB AN IE., AR ARA ZRAAIE RER%
M T #E KL CD19. & K R K% HFE B (firefly luciferase, FLUC)A=4k & 3¢ % ¥ (green fluorescent
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., BIAK @AM R E 4Kk CT26-CD19-FLUC-GFP @ f¢., iE% 7 CT26-CD19-FLUC-GFP 4
ik R ES 5. 100 22 /KB CD19 & GFP ¥#4 2 kA, #—FiE%:, H4EKEF 22 RH
CT26-CD19-FLUC-GFP #mfie. % 49 CD19 mRNA & FLUC & A K-FRE 5 T B4 CT26 4l 5 T
e, CD19 CAR-T @@Rteé% R % 315 CT26-CD19-FLUC-GFP #m/i2 % MC38-CDI19 #mfiE.
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Construction and identification of a stable CT26 cell line
expressing CD19-FLUC-GFP

GUO Yujie', DUAN Haixiao', CHENG Yining', YANG Binfeng’, HU Han', LIU Binlei',
WANG Yang"*

1 School of Biological Engineering and Food, Hubei University of Technology, Wuhan 430068, Hubei, China
2 Wuhan Binhui Biopharmaceutical Co., Ltd., Ezhou 436000, Hubei, China

Abstract: Solid tumors lack well-defined targets for chimeric antigen receptor T-cell (CAR-T)
therapy. Therefore, introducing a known target molecule, CD19, into solid tumor cell lines via
lentiviral transduction to investigate the cytotoxicity of CD19 CAR-T cells can potentially support
CAR-T cell therapy against solid tumors. In this study, a stable colon cancer CT26 cell line,
CT26-CD19-FLUC-GFP, expressing CD19, firefly luciferase (FLUC), and green fluorescent
protein (GFP), was constructed using a triple-plasmid lentiviral system. The growth
characteristics of this cell line were consistent with those of the CT26 cell line. Subsequent
flow cytometry analysis confirmed stable expression of CD19 and GFP in
CT26-CD19-FLUC-GFP cells after serial passaging up to the 5th, 10th, and 22nd
generations. Further validation revealed significantly higher levels of CD19 mRNA and
FLUC expression in CT26-CD19-FLUC-GFP cells continuously passaged up to the 22nd
generation compared to the control CT26 cells. In comparison to T cells, CD19 CAR-T
cells demonstrated substantial cytotoxicity against CT26-CD19-FLUC-GFP cells and
MC38-CD19 cells. One week after intraperitoneal implantation of CT26-CD19-FLUC-GFP
cells into mice, FLUC expression in the peritoneal region could be detected. These results
indicate the successful establishment of a stable CT26 cell line
CD19-FLUC-GFP, which can be specifically targeted by CD19 CAR-T cells.
Keywords: CD19; firefly luciferase (FLUC); CT26 cells; chimeric antigen receptor T-cell
(CAR-T); lentivirus
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S S AR G R BT A A /DN B
AR . SR AR H RS R 5
PRIt /I RS TR AT RS2 2540 ST 2497 1k ) I
PRATIEAS BT BT H Rl Sk R
K. ZF0 A R RN B D VAR R T, 18
BEEARC T T 2R 1 B KA YT , 18 5E A]
DLFE B AN I R R 5 AR 20 i BE DR 4, S e
AR IRS R Rk H AU aniksMETT
Pl 1 1 o W O Rl S 2 S NS B
I 1) 41 2 22 G PO VR O S 2V ik S IR, A
TEBUR BRI T R /N US| 22 SR
APEWRES , REAE B A W45 /)N BRUAR PR e 4 vy A=
KRN RS G B0 A58 R = k8 06 2 3
SR E RiE CD19. & K UL R L A
(firefly luciferase, FLUC)HI%k & % 't 8 11 5t
(green fluorescent protein, GFP) ) %5 iz 9 41 Jifd
R, Mz R K CT26 4 R TAE KA
REREIEREY , IR AR N B e R iR A
HEATRIRSY o LA 45 W Ra A PN ) SIS AR ke =2 e e
PRic¥), {815 CAR-T 4t fxfE LAy A e o ek
S, RS S MR MEA L, 6t= CD19 5( B
I i B AP (B cell maturation antigen, BCMA)
SEIRR BT LIVE R CAR-T 4 A 67 #E 25 i 2R 1
Wic W . A WESE 0 FR E R ik CDI9-
FLUC-GFP 1 CT26 #fiffu %, 7E CT26 4iifi b
|- CD19 CAR-T #i}ifi#8 5, & CD19 CAR-T 4
MG TT 45 I B AR SN . AR 2T PR

1 S

1.1 #H
pCDH-CMV-MSLN-P2A-FLUC-EF10a-GFP
OB F B R, pMD2.G Fll pSPAX2
W H BRI AR R YRR R\l s HEK293T 24
. /N2 g A L (CT26) . /N B4 1 e 4 it
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(MC38)Il [ 35 [5] L7 5% 52 1) L7980 0> (American
Typical Culture Collection, ATCC), pBDP-CD19
k. KUK CD19 CAR-T 4iiffl . MC38-CD19 4
JuF1 K W4T 1 (Escherichia coli) DHSa Ji&aZ 251
HH A 52 e 2 i it 5 FR )% A D)1l (Xba I Al EcoR 1)
) H NEB 7 A ; (5 P& ELJiff(2xPhanta Flash Master
Mix) . ClonExpress II One Step Cloning Kit
(Exnase I, 5xCE Buffer), JFki/MEid ] &1
sk &30 B v ME R A R BR A
F]; RNA $EBGR G B HHEE S DNA 51
A&l B R A AR (L 5O AR A
Lipofectamine™ 8000 %% & i 7| I I 14 g &
(puromycin dihydrochloride)y H 28 = K A4E ¥ £
RABRA ] @R AT H TaKaRa 4447
A 4N H] 3 Anti-human PE CDI19 Hi /& B
Biolegend; “£HtEH PCR iX#] SYBR® Green
Realtime PCR Master Mix I H ToYoBo; 5|44
BRI R ERHA TR A Al 5E . 6-8 T
i BALB/c MEVE/NE, T TG B 24 i e 3
Mo, 4R SR T AL Tkl K 2 J0 R E e e Ak
(specific pathogen free, SPF)%sh¥) 55 . T A sh¥)
S P TEAY AL Tl KA RIS B B 2 4
72 0123 AR DCHLE (b HES . HBUT20200021),
1.2 75k
121 E@REFHFNLEE

CD19 ;B pBDP-CD19 ffiki 41 PCR
P38 IE 59 M 5'-TGACCTCCATAGAAGATT
CTAGAATGCCCCCCCCCAGGCT-3', JZ[i5|#)
A 5-TCTTCCATGGTGGCGAATTCCGGTCCA
GGATTCTCTTCGACATCTCCGGCTTGTTTCA
G-3'. %€ I [mlL PCR 774 ¥4 2 14 pCDH-CM V-
MSLN-P2A-FLUC-EF10-GFP 4 1 Wi V1] 5 ik
TR EW, F-5 CDI19 ¢ 3 r= ¥y o & 41 i
Exnase 11 #17H4H . KHEAH™ Y1k E coli
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DHSo JEEZAANTH , VAT T 520 N i #522(100 pg/mL)
) LB Al s 2 5E b, BUE 37 cCRE SR i
Fro PRMUHTEREDETE, HATTRTE PCR %08, ik
HPRE s R A TRE TR A R . ORI, B S
AP LEXT, K B PR AT
122 EBRESEESHESN

% pCDH-CMV-CD19-P2A-FLUC-EF 10-GFP
AR OR SH B TR pMD2.G. pSPAX2.
# HEK293T 4L 1x10°4/mL (%5 BERERP A
10 cm A9BSR .24 h 5, A4 R R 2 80%
ZEATHERT ORI R e . B YL )S 48 h R 72 h IR
i 3R 1.000xg B0 10 min, K ELS I E
THIFEA R 50 mL B0, 24045 um I8
FEREBR 2%, A 1/3 95558 03 TR IACRR Ay 48 s 2 vk 4
WIRAIEWE LK. IKH 1 500xg, 4 °CE.L
45 min, 7 FI#, JIA 200 uL PBS B, #RIGH4E
JERRRE, AR TRFAE—80 °C. RS FRI—K
# HEK293T AMudERhT 96 fLH, 6x10°4~/fL. %%
SR AR G R S A AU 6 pg/mL
REEME (polybrene) 58 45 F7 3t , 37 °CHEF-46 M
30 min il AR 1 2E T DY,
e eI AT 10 FEBEBERRE 2 1 000 F5 R
W BB MRS BN BE 20 A A HEK293T 4 fifd
AR E S 3 AL, IR E SR 3 fL.37 °C
BERAARE SR, 48 h Sl ad i A0 AR I 5k
GFP W4 b, 2 =R b B e 504 )
T2 0% FE 0 B . %% 5 $ (v (transducing  unit,
TU)/mL=2H il < GFP &3k 28 <M B A 45 s 5 4%
Fi AR (mL).
1.2.3 CT26-CD19-FLUC-GFP #24£4mpf 22 A fiFik

B CT26 ARt T 24 fLb, FFLANME
4x10° 4, F 37°C. 5% CO, WS B0 5 3546
Rigw, ROGIA S, 10, 15, 20, 25, 30, 35,
40, 45, 50 pg/mL BEERIESEER . EL 4 d
WUELAMMIAFTG R, 56 4 RN 58 2FETXF N ) i
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IR B A A AR BBV T L 7E 96 fLAR Hh4F CT26
A 2x10° 4, 24 h JG 4K = 80%R & AT,
BN EA 6 pg/mL polybrene FYHT 1 SR,
ETE CO, KT 30 min, HL 10 pL e
GBS S % CT26 41HEPY. 48 h 5, §85
= 24 fLH, B AEAE 30 ng/mL ERE R
10% FBS DMEM/F12 #k£E553% 3 d, Frfii A
WRE R IR FR AL, LHAR A A0 B 31053 1Y) 4t i 285
JE o FEARI B D AR T WS B 40 Jf 3R ik 2 6.8
ot R FHA PR B0 % BE A B 22 500 /1/mL,
FiHR 100 pL/ALIERD A 96 FLAR Y, 353510 1A W2
HEREA RN, RS R 6 fLik, 153
6 ¥ifaiE #i5 CD19-FLUC-GFP JL[A (1) CT26 4
Mo Z, R ARFT Western blotting i i
th CD19 ik i i = S vm PR AL R
124 B EARIZHAR S AN CT26-
CD19-FLUC-GFP f25 4 R 4 KIE M

Agilent xCELLigence RTCA S16 SZH} Johx
TCARME M HE AL P BERT FR AL A S B0 20, B CT26 21
Jf1F1 CT26-CD19-FLUC-GFP 4 Jiftd 45 £L 4% $2
2x10* 4~ i Agilent xCELLigence RTCA S16 S
i ERRIC I TSR CT26-CD19-FLUC-GFP
5 CT26 ey E K IG .
1.2.5 RN CT26-CD19-FLUC-GFP #24%
YR ZE R CD19 X GFP fy&Kik

K ESALCES 5. 10, 22 fRLL R AAF
1 4F )5 &2 R FF % 84% 10 £L1% CT26-CD19-FLUC-
GFP 40fifif¥) CD19 & GFP ik, W 6 fLi
N CT26 21 i (B X) B AT CT26-CD19-FLUC-
GFP #4i/fi % 1.5 mL EP 4%, 500xg #.0> 5 min,
7 EWE, f#H 100 pL PBS @k CT26 F1 CT26-
CD19-FLUC-GFP #tifi, ' CT26-CD19-FLUC-
GFP 41/ il A 5 uL anti-human PE-CD19 #i{4,4 °C
WG E 30 min Ji5, il 500 uL PBS #E#%, 500xg
B0 Smin, & B3, I 500 pL PBS &5
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2 RS
1.2.6 Real-time qPCR 40 CT26-CD19-FLUC-
GFP f2%£ A & CD19 mRNA 7k F

FEHL CT26 40 M ik st &= 22 U HY
CT26-CD19-FLUC-GFP 4B RNA, 557k
cDNA, #17 real-time qPCR ¥l , 50 puL 2 A
Z: SYBR® Green Realtime PCR Master Mix
25 uL, ETFHESI191(10 pmol/L)#$ 2 uL, itk
cDNA 5 uL, ZE18/K 16 pL. JO Wi 544F: 95°C 15's,
60°C 155, 72°C45s, 40 ME¥; hCDI19 1E i)
5¥1 5'-CTACCTGATCTTCTGCCT-3', [ [i1514)
5'-ATCCTCTTCCTCTTCCTC-3"; }§Z mGAPDH
E5 14 5'-AGGTCGGTGTGAACGGATTTG-3',
15 14 5-TGTAGACCATGTAGTTGAGGTCA-3',
1.2.7 ZINEEERAR{NAEN CT26-CD19-FLUC-
GFP 25 4 &+ FLUC MiZRiA

W CT26 4 (B X HE) AN 24% 2 22 fR (1)
CT26-CD19-FLUC-GFP #iJfi#EfT+ 96 fLk,
4.5x10°4~/fL, =42 3 fL. BFLAIA 100 uL 1Y
D-ZOEEMEL, HLA 37 °CREFEAIMET 10 min,
Z IREBHRCRE I FLUC ARk
1.2.8 CD19 CAR-T % f *f CT26-CD19-
FLUC-GFP % MC38-CD19 ZRf 151K 18

H FUUR T 40 AN FRUUR CAR-T 41 i 435l 44 1
M H=2:1 Ji A CT26-CD19-FLUC-GEP 4l it #1
MC38-CD19 4iffd, i Agilent xCELLigence
RTCA S16 520 Jehric 4043 A 5 #r BRIE T 24
Ja A LR CAR-T 4 ffE% CT26-CD19-FLUC-GFP
K MC38-CD19 f 5453 .
1.2.9 CT26-CD19-FLUC-GFP #2%% 4MAf & {4
AL FLUC

X} BALB/c Wit /IN 543 51 6 G A8 CT26 4
Jio A% S0 2 22 LAY CT26-CD19-FLUC-GFP
A, FERIANIREE N 13107 A~/mL, B H/NE
BERSFEST 100 plo AR 1 e, SR A= K
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0L, frdEd /N B JE R ST 100 pL D-9E0E R
PER, 10 min 5 T/NEWIE R SR AT W5
FLUC ik,
1.2.10 it o4

H GraphPad Prism 7.0 3x 4% £dls ik 17 5811
M. GERUAR+s Ron . P IE] LB LR,
P<0.05 F/R A Gt .

2 EREM

21 EHEREZEHMA pCDH-CMV-CD19-
P2A-FLUC-EF10-GFP g%

X} CD19 i#47 PCR 14, ¥ 3445 Kl 1A
Fiis, i R/NS i —2(1 668 bp)., # CD19
PCR 9349y B I 5 2k ik pCDH-CM V-
MSLN-P2A-FLUC-EF10-GFP #F47E 4, &4
P4k E. coli DHS o S SZ AN, 50 T 5 20
HEZ(00 pg/mL)H LB FHkssskd, 37 °C
BRI R SR . PRI SRR R, HETT IR
PCR % (B 1B). XFBHPE RIS R, 17
WEFYISEE (B 1C)o X BRI T 28, 45
TSR SRR S A A o AR A ) B A
pCDH-CMV-CD19-P2A-FLUC-EF1a-GFP i
1D iR
2.2 T%KIE CD19-FLUC-GFP HiEfwEH
2 ROEE N E

¥ 18 9% B & /& pCDH-CMV-CD19-P2A-
FLUC-EF1a-GFP 5B Fiki pMD2.G . pSPAX2
hG Y HEK293T A8 eE, HYvn 24, 48
72 h 7R B 29O 0 T WSS 3 GFP ik (K]
2A). T AN AL YL 72 h J5 HEK293T iy
GFP Fll CD19 fJ#ik, £ Flowjo #F4b 1S5
GFP fl CD19 BYRBH MR 5 F 90% (& 2B),
5 GFP 3Rk 211 518 9% % £ (TU/mL)=
6x10%x6.82%x100/0.01=4.1x10" TU/mL (/& 2C).
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A B
bp bp
5000
2000
750 1 500
1000

bp

50 000

2000

Luciferase

PuroR >—1 WPRE > ILIR

E1 BRSHRAMWE A: PCR %E.M: 2000 bp DNA marker; 1:

CD19 i Et; 2. CD19-P2A i Ek.

B: W% PCR. M: 5000 bp DNA marker; 1-9: HyafER 7% ; 10: BAMEX IR, C: WHEFDI%EE. M: 15000 bp
DNA marker; 1: XEFY] A BX(Xbal 1 EcoR I). D: Jikits) 2 /s = K

Figure 1

Construction of lentivirus plasmid. A: PCR identification. Lane M: 2 000 bp DNA marker; Lane 1:

CD19 fragments; Lane 2: CD19-P2A fragments. B: Colony PCR. Lane M: 5000 bp DNA marker; Lane 1-9:
Monoclonal colonies; Lane 10: Negative control. C: Double enzyme digestion identification. Lane M: 15000 bp
DNA marker; 1: Double enzyme-digested fragments (Xba I and EcoR I). D: Schematic diagram of plasmid

construction.

2.3 CT26-CD19-FLUC-GFP 2%t 4Hp0 %
B T 1k

CT26 NAfIAEZES R ZARFRAES 4 K, 30 pg/mL
PR T ISR B A i 43R T, DRI L S 22 e 1Y)
MRS B R U5 0 30 pg/mL (& 3A)., 2Kk
CD19-FLUC-GFP My 8¢ 5% 5 CT26 4iiffl 48 h
J& , TARIE DL B s T i OWEL S| GFP 1y 3R
ik, UEHIIE G R B . 4l A R K O
W AR TR 1 s, 28] 6 thiaE s
GFP Jx CD19 Wi ediife, He, B10, D7,
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G7 g BN LAY GFP J CD19 X FHE 41 e 1 Hb
BlE T 95%. b G7 BATEREAIMIL) GFP M
CD19 AUPH P 4 A be i 5 =, 352 99.6% (&
3B). EFXIIRIERIM 6 MR TN I Western
blotting M ANE 3C Fr/R, 6 Kk TTHEEANM
YIRS KM E] CD19 BY3RiK(95 kDa), HHr,
G7 B va eI CD19 MIXS ik i fie . Phik
G7 MG B A R, T RIE Xk
WM T LSS G7 FR RN R () GFP ik (&
3D).
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Figure 2 Packaging and titer detection of lentivirus. A: Detecting GFP expression on 293T cells using a
fluorescence microscope (10x) at 24 h, 48 h, and 72 h post transfection. B: Detecting CD19 and GFP expression
on 293T cells by flow cytometry. 1: Control 293T cells; 2: 293T cells at 72 h post transfection. C: GFP
expression detection of lentivirus under different dilution gradients by flow cytometry. 1: 293T cells; 2—4: GFP
expression of virus before concentration, which diluted 10x, 100%, 1 000x; 5—7: GFP expression of virus after
concentration, which diluted 10x, 100x, 1 000x.
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100—-—-—-———-—--—-—--—- CDI19
60__
45 —
35 — onmn o= D GEED eEED eume @3B GAPDH
25 —

Relative expression fold change of 0.68 056 043 049 046 0.65 0
CD19 to GAPDH

500 tim

LY e - e

B3 BREMEAMNTFE A CT26 41X FIEERE R BURINZ. B: FH A0 M ARSI 57 28 H i
FTLRELR LR TR CD19 I GFP 3Rk, C: G ie B0 v Aar il o7 26 3 A BR e B 2 il 22 v CD19 [ 3R3K. D
i B AUBEAE 116 R (100 £5 BOR) WS ik HE i BT e AN R G7. B HIZE G B (100 £ i K )8 5
HI RSB R G7 H GFP ik

Figure 3 Screening of monoclonal cell lines. A: The sensitivity curve of CT26 cells to puromycin. B: Flow
cytometry to detect the expression of CD19 and GFP in the screened monoclonal cell lines. C: Western blotting
to detect the expression of CD19 in the screened monoclonal cell lines. D: Screened monoclonal cell line G7
observed by microscope with white light (100x). E: Expression of GFP in the screened monoclonal cell line G7
by fluorescence microscope (100x).

2.4 CT26-CD19-FLUC-GFP 23t ZMBn &  FLUC-GFP 4iffiVfifs 1 45, RIrdii, st

5 CT26 A RBVEACTE LN 10 £, H CD19 } GFP faE ik (& 5D).
% Agilent xCELLigence RTCA S16 SZH|JG 25 oCT26

PRIC A AR A3 BT A S s IR, L 0 E A9 e e R % 20| ® CT26-CD19-FLUC-GFP
% CD19-FLUC-GFP ffJ CT26 4ilf1 5 CT26 4l g y
KR T3 4). £
25 HMARFERR CT26-CDIS-FLUC-GFP £
“MAE CD19 X GFP B3RiA Z 0.5

3 o8 i = 40 A A AR R IR B CT26- 0.0

0 10 20 30 40 50 60 70

CD19-FLUC-GFP 41t GFP f& CD19 g1k, 4% Time (h)

R EIR CT26-CD19-FLUC-GFP 4iffi GFP #i 4 CT26-CD19-FLUC-GFP 5 CT26 44
CD197EELE LI 5 5 IR(E 5A) 10 ft (& 5B), A IEEEE

Figure 4 Comparison of the growth activity of
22 UK 5O h iR E SRk, ¥ CT26-CD19-  CT26-CD19-FLUC-GFP and CT26 cells.
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Figure 5 The expression of CD19 in CT26-CD19-FLUC-GFP cells of different generation. Detection of CD19
and GFP expression in CT26-CD19-FLUC-GFP cell after continuous passage for 5 generations (A), 10
generations (B), and 22 generations (C). D: After one year of cell cryopreservation, CT26-CD19-FLUC-GFP
cell was continuous passaged for 10 generations, the expression of GFP and CD19 was detected.
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Figure 6 Detection of CD19 mRNA in
CT26-CD19-FLUC-GFP monoclonal cell line. CD19
mRNA was significantly upregulated in CT26-
CD19-FLUC-GFP cell line compared with CT26 cell
line (***: P<0.001, t-test).
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Figure 7 Detection of FLUC expression in
CT26-CD19-FLUC-GFP monoclonal cell line. FLUC
expression was significantly upregulated in
CT26-CD19-FLUC-GFP cell line compared with
CT26 cell line (****: P<0.000 1, t-test).
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Figure 9 In vivo tumor formation and FLUC expression. A: Control group mouse with intraperitoneal
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cells. C: Compared to the CT26 group, the expression of FLUC is significantly upregulated in the mouse of
CT26-CD19-FLUC-GFP group (****: P<0.000 1, t-test).
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