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Fi% FLT1-CAR B Jurkat 2 Bl B4 6% 3% & E X+ VEGF B9 #& [q) 1%

KEEY N FHERE BREE(. K IR ASHTRR HAERS AMBE R, I N
310018; 2. F—FE X% AFIFIMMER mELRSE7T BT, LA 200438 )

[ ZE] 86 @R FIA IR 0 N R A0H A K R 7324 1 vascular endothelial growth factor receptor 1,
VEGFR1/FLT1 )i A HUR 3 A4 chimeric antigen receptor, CAR )Y Jurkat 401, 33 Hoxd VEGF (a1, 2 & & 4t
VEGFRI HJ CAR( FLT1-CAR ), My H 20 18 TR 804K LV-gn-FLT1-CAR, JJ8Z% Jurkat 401 ; 28 G418 07 Ve 45 ) 1 5 YL 4 o o 5
PCR KA ARG I ANk FLTI-CAR mRNA 28 (12635 , Transwell 46 I 40 bk Xt VEGF BOBILRCR . 4 & E4
1257 LV-gn-FLT1-CAR J&IIHI#E ; FLT1-CAR B34 4 3] Jurkat 200 58 2 #3K FLT1-CAR . & 69 408k Jurkat-
gn-FLT1-CAR-1 .Jurkat-gn-FLT1-CAR-2 % VEGF £ . a1k sk £, 100 ng/ml VEGF 4L #JF , Jurkat-gn-FLT1-CAR-1 £ i i#4 Tk 5k
NC62 +8 )4, T X BALH Jurkat #LAHMIELAG( 18 £5)N P <0.01 ). % i e 3 R4 E %35 FLT1-CAR 1 Jurkat
Y e , EX VEGE A5 B Sk (8 il 7

[ &R ] A NIRRT CXC L 324 3 ik & PR32 ; Jurkat 400 ; kAR H

[ FESHZES ] R730.51; R392.1 [ XktrFERL ] A [ XEHS] 1007-385X( 2013 )05-0559-05

Screening of Jurkat cells expressing FLLT1-CAR and their chemotaxis to VEGF

Zhu Yangyang'”, Liu Hui’, Wang Ying’, Wang Bi’, Qian Qijun'’( 1. Xinyuan Institute of Medicine and Biotechnology,
School of Life Science, Zhejiang Sci-Tech University, Hangzhou 310018, Zhejiang, China; 2. Laboratory of Virus and
Gene Therapy, Eastern Hepatobiliary Surgery Hospital, Second Military Medical University, Shanghai 200438, China )

[ Abstract ] Objective: To construct Jurkat cells expressing chimeric antigen receptor ( CAR ) of vascular endothelial
growth factor receptor 1 ( VEGFR1/FLT1 ) using lentivirus and to investigate their chemotaxis to VEGF. Methods: The
CAR targeting VEGFRI1 was synthetized, and the recombinant lentiviral vector named LV-gn-FLT1-CAR was constructed
and infected into Jurkat cells. Stable infected cell stains were obtained through G418 screening. The expressions of FLTI-
CAR mRNA and protein in the stable infected cell stains were detected by PCR and flow cytometry. The chemotaxis of se-
lected cell strains toward VEGF was detected by Transwell assay. Results: Recombinant lentivirus LV-gn-FLT1-CAR was
successfully constructed. FLT1-CAR was successfully integrated into Jurkat cells and FLTI-CAR protein was stably ex-
pressed. The selected cell strains, Jurkat-gn-FLT1CAR-1 and Jurkat-gn-FLT1CAR-2, showed obvious chemotaxis to
VEGF. In a VEGF concentration of 100 ng/ml, Jurkat-gn-FLT1-CAR-1 cell chemotactic number was ( 62 +8 ), which was
significantly higher than that of the control group Jurkat cells ( 18 £5 ) ( P <0.01 ). Conclusion: Jurkat cell strains stab-
ly express FLT1-CAR are successfully obtained, which have a distinct chemotaxis to VEGF.

[ Key words ] vascular endothelial growth factor; chemokine ( C-X-C motif ) receptor 3( CXCR3 ); chimeric antigen re-

ceptor; Jurkat cell; chemotaxis
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AR IR TT — B — > T AR A, 20 i
TRIT—ELOE A Z R E AT G 2 kMK
7 P4 A S AR e 92 25007 40 L e 1 2 R LA
BV PN e 2 L P ok 40 S 5 200 MY 97 LR B S 1Y)
S ARIT R AR A N, AR, — Rl
M RPEIRIT T ik {8 & P 32 AR ( chimeric anti-
gen receptor, CAR )FE[REM T 2 27 i K47 A9
)P P AR A DAy o 20 A S 2 IR T A
TOBTE T, CAR BB el i Ah X | 25 R XA
PSS X AL ' #5 3 4R CAR Mol LILAA
SR AN A O SR D AT A Y T 40 P R A
FFFEE S WAL PR -, o Y R A BTRY 7 i H
To A R AR S G SN, AT B ER R A
MR R E

A P Kz 48 il A2 4 A ( vascular endothelial
growth factor, VEGF ) 7E Z Flt \ & SCAAE i ik
AWFTEAERTA CAR BEIHAYSERN L M # % VEGF %2
& 1( vascular endothelial growth factor receptor 1,
VEGFR1/FLT1 )% 2 Z5# A CXC L 72
& 3 [ chemokine ( C-X-C motif ) receptor 3, CXCR3 ]
C4 B IX Y CARC I 1), LUBIFR AT LA A8 4 T
2R, 522 04 T 4 4R HP B0 R B AL, LA R
BRI RCRBYIT %

1 FLT1-CAR EFE 4 E
Fig.1 FLT1-CAR gene structure
1: Signal peptide; 2: VEGF binding domain; 3: CD28 trans-

membrance- intracellular domain; 4: CXCR3 intracellular domia

1 #MREFZE

1.1 fmiatk & £ %X A

E. coli T8 Pk DHSa Ry A4S 50 40 % fR f7. K ik
SV40 K T HUE 1% 293T 4 g [ B A2 ], Jurkat
YA B £ E ATCC 40 1) ( TIB-152 ). & IRES.
EGFP NAiPEFEH neo Y12 93 15 24K pLV120gn
ARSI M S AR pLV120 ZR AR V)4 32 | EGFP
KeATi SN neo , Wl A pLV120gn ). pCMVdelta8. 91
pMD. G # AR B 2E[E Invitrogen 28 Fl o ok K i
FAAH &I Qiagen A H] ,RPMI 1640 . DMEM 114
H Gibco 23], FBS 4 H PAA /], G418( & LM+
HKPiAZFE ) .polybrene ¥ H Sigma A F], PrE LA
VEGF 165, Anti-VEGF R1/Flt-1-Phycoerythrin 3¢

Y H R&D Al A5 I7E Invitogen 23 F &
o HOEIE R A WA DMI3000 B ), Beckman i
AL Cytomies FC 500 ) [ Leica 237 o
1.2 Jurkat 2m e ey 3z~

Jurkat ZHHEA0A 5 10% 4 L35 5 R R K %5
(L JFHEHE 100 wg/ml )Y RPMI-1640 15 55
1, E 37 °C 5% CO, IR R 3%, 293T 4
fifi Hf DMEM 5373 ,0. 25% )RR B AL L1
1.3 F44 pLV120gn-FLT1-CAR #9#y 3

4 pLV120gn #1175 EcoR T /Xho T BV 55 HY
FLTI-CAR 3£ [F( 768 bp, H1 Invitrogen 23 7] 43K &
)55 EcoR 1/ Xho 1 BgVIIEIUS , 245 DNA 2
fif Solution 1 ZEFE1I % I 754k DH5S o KIAAT BT, Pk ik
A RER LB BRI AE HER A, Nl D) S AT
1% By g WE 6E B AL UK 25 8, S8 IE A J5 i &4
pLV120gn-FLT1-CAR, JERL &5 &l 2.

RSV 5 LTR
[ pLV120gn-FLT1-CAR .
i 9274 bp o
FTLICAR
3 LTR‘ ’
/" "Xhol
WPRE
EGFP-NeoR

B2 E4HBRHL pLVI20gn-FLT1-CAR RE[E
Fig. 2 Schematic diagram of recombinant
plasmid pLV120gn-FLT1-CAR

1.4 EMIZHHAE LV-gn-FLT1-CAR %) (L E fo 2k /=
LT 1 d, 0. 1% W ERAAYE 10 em B
FEIL 30 min, T 10 em B35 0L 18555 2 x 10° 4>
293T 40/l MM & 2 70% ~80% Il 4t
W, 7E 1.5 ml B0 I ddH,0 440 pl W HR
IR KL A 25 TR pCM Vdelta8. 91 )« £ JIE 5 r
(pMD.G)=3:2:1, 8 30 g, BRER K@K,
SRR 450 wl, AT BORIR AT, I 1R S RO kL
plv120gn FE X BEZH o ) B 3 4R 2R v 3 0 i A
50 wl 2.5 mol/L CaCl, , RATIR2A], JITA 2 x Hanks
500 wl, SRS, R E 10 min; ¥R G WL
BUTA 293 T dip R F= ML rf , S 47 R IR AT, 5 e
J5 8 h#eifi. 48.72 h 4y BB & i, # ik
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B EE LW T 0. 25 wm (0 38 B 1 8,2 500 x
g,%‘ﬂ‘ 40 min, - 80 CH&E%H .
1.5 A LV-gn-FLT1-CAR i & t90l Z B G418
i 12 IR B84 T

W T S8R # LV-gn-FLT1-CAR 0k 19 15 5%
- IE VR WA e A B v T R e R MR A U R
TR 16 76 e v g I R % 293T 4, 15 9% 48 h i, i i
PEG B8 1K B AR SR A (9 EGFP 2% 6 3 18006 2 7
&R BRI = 9 CAN M LR R R IR AR . %
YRR R 3 x 107 AN/ FLEEFP Jurkat 40T 24 fL
M, 38 5 W 5% AN [m] BT it ok B G418 (/100,200,300
400,500 .600,700 .800 ,900 weg/ml )X} Jurkat 41 A=
KA, A G418 TRk iz
1.6 E4%5% % LV-gn-FLT1-CAR &% Jurkat %8 &,

¥ Jurkat 4N4% 5 x 10 N/FLINA 24 FLHR, IF
JIA 100wl K555 200 Wl ¥ 46 9% 2 7 ( MOT =30 )
F10.5 pl EEHZ,30 min J5AMIN 300 wl B5,8 h
JE B DR . A G418 Tk 14 d J5 , BUL 4N s
B 96 FLi 3R, LY 10 MIME 4 d G4 A
PECAMML A FLITR , 585 6 KRB ¢ ' i 40 Jfw A1 i
A 96 fLkHr, PR 6 L. BERE 2 d 45 20 M e
W, S5 2 24 LRGSR 2P R R
1.7 PCR %% FLTI-CAR 3 B # &k

& PCR % 5E FLTI-CAR JEH W51 % . ik
1% H 5'-ACCATGGAGTTTTGGCTGAG-3", F iif
51%1M 5" -ATCACAAGCCCGAGTAGGAG-3"; Fil il
FEYIR /N R 751 bpo F & Biomed 4 i 3 A 41
DNA e £ B 0 & vl B A5 B2 5040 i 2 R 2
DNA #Ef7 PCR % % . PCR JX B &4 0:95 C .
3 min,95 °C .30 s,56 € .30 s,72 C .1 min, 30
AMEFFJF,72 C .10 min, 4 CHETE. 1% BRI B
8 1 LUK 45 7 ) IF HA IR, R Tmage J R4 X
LUK S50 HE AT K E B 43 BT o
1.8 AXmie AN FLT1-CAR & & % % ik

BT x10° ~1 x 107 /N4, PBS Yk 1 Ik, B0 2%
LYE L MA 100 wl PBS E& A 10 g B IeC FH
15 min; fill 10 wl PE-VEGFR1 X7, 7k L5 30
min, Y& 2 Y A 1 ml PBS 2401, 45 FALK
.
1.9 A4t Fanl Jurkat 20 # st VEGF #44% éy bt

PRAE 352 Millipore N ) Transwell U BH 35 347,
1E Transwell #2 FZEHA 1.25 ml S HHN € )E VEGF
(ALY B R0, 422 1 x 10° AS/FLN 200wl 4 2
FTEEHELEETTEZH,37 CHEF 12 h, I
s BRAR A L E N R A AN, = H PBS

VR, IER L AN AR 4% WY [ HE Ui
Yuta,,PBS W Uk, WA T ( x 200 )15 AT 5 40 i
B, HUS AU A0 BT (E
1.10 %itsa

SCEEAR L.« £5 2R, R SPSS 19.0 Fiita
B AR R H ¢ R 5, B R 5 22 53 1 ( One-
way ANOVA ), LA P<0.05 8, P <0.01 ¥REFAH
GiiteEE X

2 & R

2.1 FMRA pLVI20gn-FLT1-CAR #) s 2 M 3&

pLV120gn-FLT1-CAR k.28 EcoR I /Xho T X
MV A5 20 B 2 23700 8 518 11756 bp, 5
WA KN —3 . 22 A HMAEFYI( EcoR T +
Xho 1 ,Kpn'1 +Age 1, Pst | ,Hind Il )% 5E , 45 144
ERACE 3 ).

3 000—
1 000—

500—

B 3 ZHARN pLV120gn-FLT1-CAR HEETIEE
Fig.3 Identification of recombinant plasmid
pLV120gn-FLT1-CAR by enzyme digestion
1:EcoR 1 +Xho1 (756 bp +8 518 bp ),
2:Kpn | +Age 1 (1863 bp +2 268 bp +6 143 bp ),
3:Pst 1( 1495 bp+7 779 bp ),4:Hindll
(583 bp +730 bp +1 298 bp +2 686 bp +3 977 bp ), M: Marker

2.2 EHZHMHAE LV-gn-FLT1-CAR &9 B & &
G418 S AR I ik IR JE 74 2

F pLV120gn-FLT1-CAR 5 18 %% %5 £ 3% i fr
FL YL 293T 20 AL, Wi 4R B 2018 9 4% i LV-
gn-FLT1-CAR. R 75 W 48 MR % 4% 293T 41 il , & AL
Wi BT H 4 EGFP FHE A M2, SR E 7.5 x
10° TU/ml, BP9 2 B 2 AL %%, vl F 1 )5 22 i 5%
FiF% 14 d J5 500 wg/ml ¥R EELL E G418 fLH Jur-
kat i fd 4> F 58 T, i 20 Wk B b R 40 i A AN
[ FEEE AL T, f Jo i G418 i i o A3 o & vk
F£°4 500 pg/mls
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2.3 FMEJHF LV-gn-FLTI-CAR A& % B % Jurkat
)

LV-gn-FLT1-CAR Jq #5 8 JY Jurkat 4000 3 d /5
SHDFIN. 3 d RSO CAMIE] 96 fLk
e AR B SRR, S — P KB SR B O, A
4 Ji7R , Jurkat 1 40 92034208 100% . ik
FIWASTERE , 43 9 i 44 4 Jurkat-gn-FLT1-CAR-1( i
K Jurkat 1), Jurkat-gn-FLT1 -CAR-2 ( 4] #% Jurkat
2),

Fluorescence

Light

B4 EHEH%S LV-gn-FLT1-CAR B3 Jurkat ZAA8( x200 )

Fig. 4 Jurkat cells infected by recombinant
lentivirus LV-gn-FLT1-CAR ( x200 )

2.4 LV-gn-FLT1-CAR % # J& Jurkat 28 j ¥ FLTI-
CAR JK 1 o £ ik

PCR 39718 FLT1-CAR J& A, B3k &5 S ( & 5)
BN, iR Jurkat 1. Jurkat 2 40P RGP 35 7=
K EE( 751 bp ) 5T/ N—3, 47~ LV-gn-FLT1-

CAR 8L E IR P i e 1) A A v e, 0 T G 7 > e
W TR 8 s

bp

3 000—
1 000—

500—

5 Jurkat 1. Jurkat 2 PE$5EF£8) PCR £7E
Fig. 5 Identification of positive clones of
Jurkat 1 and Jurkat 2 by PCR
P: Positive control; N: Negative control; J: Jurkat

cell; 1: Jurkat 1 cells; 2: Jurkat 2 cells; M: Marker

2.5 LV-gn-FLT1-CAR % #J& Jurkat 2 & FLTI-
CAR & &%) &k

TGN AAS 25 5 1 6 ) B, Jurkat 1 Jur-
kat 2 4l X545 FLT1-CAR 2 F1A9 K, Hd Jurkat 1
Y] FLT1-CAR BHPE KB F N 95. 3% , % HE 41 ffd
Jurkat i FLT1 F35% R 2. 7% , W FLT1-CAR #
I 7E B e B 4 AR Jurkat 1. Jurkat 2 PEFRESR
ik, W HFIREESR

A B C
2 1 D2 é p1 D2 é §D1 2
7% 0.0% 105% 94.8% 2 0.6% 92.1%
o0 lé; o0 NS 7 oh NS E
ST S =
[ o N
= = E 2 =2 E i
3 T 3 D4 p3 D4
:972% 0.1% 0.2% 4.5% 30.4"/. 6.9%
100 100 10 10° 100 100 100 10° 100 100 10° 10°
FLI Log FLI Log FL1 Log

6 Jurkat 1.Jurkat 2 ZHiE# FLT1-CAR ZB K *Kik
Fig. 6 Expression of FLT1-CAR protein in Jurkat 1 and Jurkat 2 cells
A: Cul; B: Jurkat 1 cell; C: Jurkat 2 cells

2.6 LV-gn-FLTI-CAR & # /& Jurkat 20 }.3+ VEGF
9 2 e AE
WF5 LV-gn-FLT1-CAR /& 4 J5 Jurkat 40 g %

VEGF WAtk /EH , g5 0O B 7) Bow , B 98 54 41 it
KR Jurkat 1. Jurkat 2 X} VEGF # B G IRIFEHR .
Hor AR Jurkat 1 % VEGF AL B2, 24
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VEGF i BE 4 100 ng/ml B}, Jurkat 1 #4LBUR:
& Jurkat ZHMEAYHEEIT 4 15 (62 £8 ) vs (18 £5 )1,
P<0.01 ], 100 ng/ml VEGF X Jurkat 2 347 1 &b
AR

70 #ok
60 | 0O Ctrl sk
50
40
30T
20T

W Jurkat 1

W Jurkat 2

Chemotactic number

0 0.1 100
VEGF [p,/(c/ngml )]

&7 LV-gn-FLT1-CAR Bi#¢/5 Jurkat
HHaxS VEGF IR
Fig. 7 Chemotactic effect of LV-gn-FLT1-CAR-infected
Jurkat cells in response to VEGF
**P<0.01 vs 0 ng/ml group
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PN UG Sy S AT A Sy <L S
ZAR AL S HAZ A EAE AP G Ak
JI R R VEE EEME . Ak kN T Re e it
IR 3 B, (2 2 I TR R, 5 e 20 B S 2l R sk
WA P B2 4, i s e g P R A0 L Sk o
fiziB , CXCR3 M RINTEAEHE T 40T AL )y 4 v H
T, 24 CXCR3 FERMBH Y Jurkat 411 7E AR N #4
AR R A RS B J) 02 1B Jurkat ZH MLRY 10
HaEfA ",

A8 A IR PR A K RN A% ) — SRR AE R A
A VEGE & 42 78 i Jeg il 48 A ml p R4 T #0001
ST, VEGF165 B LI Al N AEAE 7R £ Fs
PR vh ok 341 VEGF 1] 5 3 f VEGFR %5
4, H h VEGF #1 VEGFR1 2 [H] f4 3£ Fl 1 o 5%
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PEAT™Y . gt O 3 B, CXCR3 Ml PN 15 5 55 %
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T 4 EAA WG ALAE . i GenBank #: 3%, AR WF5Y
PEHAES VEGF fi345 & 19 VEGFRI 55 2 Z5Fg3Ail
A LS MG 5% 51 CXCR3 BN IX( ¢4 X)),
Fy#dt FLT1-CAR Z5#1E M55 Ik——VEGF 454 1X -
CD28( 5 + L X )-CXCR3 L X, §ifi o % 3k

FLT1-CAR [ Jurkat 40 JRLARAE A A5 AC AL, PCR 48
FEUERH 8 i 12 BE 2k IR LV-gn-FLT1-CAR i FLTI-
CAR HHYEER A3 Jurkat HMIEERZH N . =4
JIAFER] , FLT1-CAR W] DLFE£: G418 Fiii i 1) Jurkat
YA Jurkat 1, Jurkat 2 )P RE. LS K25 R %
WY, AHXS T Jurkat 20 M, BT 7 25 0 240 MO PR Jurkat 1.
Jurkat 2 4iffIXT VEGF #4347 B & ¥ b 50R . ml fig
TFAIFFE 6 HE A 02 0 25 A A Ao K, i o 2 3 AR g 1
JI1 000 bp 15 2 KN 975 75 7 FE R MR 2y 10 £52",
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HilAk.

AWFIE ¥ FLTI-CAR KPR 5 Y Jurkat 41
J, 1T Jurkat ZH AR A T 40 Bk EUR AR bk , 5 1E
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FF — A G JE AR T 40 B T SR I A
R, B e #55 FLT1-CAR 19 Jurkat 40 A% Jurkat
1. Jurkat 2 X VEGF £ 1R B & (% B AL 85O0, 12 9% 57
SR A T B S, ol D A 8 AT LB G il )
VEGF ¥R J¥ = 07, BP T 40t a] LAl 38 UEGF
{14 Ao SRSy v, B I e R R A B TR A . AR A
FE R TR T 240 1t Ak o 250 2R A FH %) 4t o
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