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Signal transducer and activator of transcription 3 promotes
vascular endothelial cell proliferation and migration by
fractalkine

Lijuan Fan, Hui Li, Huimin Zhang, Hanhan Li, Feng Huang, Zijian Zhang, Zhoutong Dali,
Yuan Xiang, Ao Yao, Jiapeng Li, and Xinghua Liao

College of Life Sciences and Health, Wuhan University of Science and Technology, Wuhan 430000, Hubei, China

Abstract: Signal transducer and activator of transcription 3 (STAT3) and Chemokine CX3C ligand 1 (Fractalkine/CX3CL 1)
play important roles in vascular inflammation and injury. To study if STAT3 promotes vascular endothelial cell proliferation
and migration through fractalkine, we overexpressed or knocked down STAT3 in vascular endothelia cells, and used
quantitative real-time PCR and Western blotting to determine the effect of STAT3 on fractalkine expression. The wild type
and STAT3 binding site mutant fractalkine promoter luciferase reporter plasmids were constructed, and luciferase activity
assays were used to explore the effect of STAT3 on the transcriptional activity of the fractalkine promoter. MTT assays were
used to detect the effect of overexpression or knockdown of STAT3 or fractalkine on the proliferation rate of vascular
endothelial cells. Scratch assays were used to detect the effect of overexpression or knockdown of STAT3 or fractalkine on
vascular endothelial cell migration. There results showed that overexpression of STAT3 could promote fractalkine expression,
and knockdown of STAT3 could down-regulate fractalkine expression. STAT3 could directly bind to the promoter of
fractalkine to promote its transcriptional activity via binding the GAS site of the fractalkine promoter. Knockdown of STAT3
could inhibit the migration of vascular endothelial cell, and overexpression of fractalkine antagonized this inhibition. Our data
concluded that STAT3 promotes the proliferation and migration of vascular endothelial cell by binding the GAS site of the
fractalkine promoter to promote fractalkine transcriptional activity and expression.

Keywords: human umbilical vein endothelial cells, CX3CL1, STATS3, proliferation, migration
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T B A kL A L KL 0O U A 5 e et
BEYIMX, T —-EAS 52 ELAEY
St AR, G PR I R S S B R 1T
RIEH F 1L-6 Sl 1E 8 15 75 JAK/STAT3 i
B2 5 T ghihkop Ak R

AL F CX3C LA 1 (Chemokine CX3C
ligand 1, Fractalkine /CX3CL1) J&— Rl i) i
S5 T, TENZANE (ECs) Rk, 2 Ml
PO A RBEZS SRR, BRI
BERT, HAYJRRE AR S T A A A
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454 . PV TE CX3CLL A A fb=ii5 5 T 4ty
P an it X AT dE CX3CLL Byt
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4R FURE ST CX3C #3214k 1 (CX3C
chemokine receptor 1, CX3CR1) J& CX3CL1 i¥4%F
SRR, RS R Rk W
Bl % IR 5 T I A RE 54 5 T T LA I 43k 1
w510 A5 RS4R3 CX3CL1 Al CX3CRL £ Ifil 4%
SAEFIGT PR EEAEH, sk 1LY
I A

HBIRH ECs ik, {H CX3CL1 fil STAT3 X} N
B 240 e ) 38 FE AT RS A sE i RIS AE . AR AE WIS
B2 R B CX3CLL L H Y] A STAT3 1E Rz
&, STAT3 E a5 CX3CL1 AH H AR AL R
PET DN R A R 3G B A AR 1S DL I A A kgt
[) AL ) e 2R T i SRy 2l Ik ok e B A AN Bk e B
I8 B AR AL SR AL o SO LA A o7 %2 B
STAT3fiE [ IkF- 1 LAR I s CX3CLL ik
A SCRHTPERFSE STAT3 4549 CX3CL1 % 1fil
B A AR B A RE 1 BSE R, SR Sl RS A A
Al it A8 A R R 5 25 L

1 MBE7 %

1.1 #8
111 4if

SR FH AN 8 Bk P B 200 B R D o L 7
YUREIE . T A4 R EALHY 926, B T80 CH#
170 AESEATBHIKINAE P Rz MRS IR s, 38 5 2 FF )
A AR Sy N JBE K N B2 482 (Human umbilical
vein endothelial cells, fii#x HUVECS), kit
Fk P B A AT T An i s e, HoRetE S g kam
BN R AL, AR VRS N B A AT
BE AT B (1) ot 5 A i)™
1.1.2 &

DMEM ;574 (Hyclone, 3E[H); B H i
(Biosharp, H1[); JiiZF 1 FBS (Gibco, 32 [H);
W55 Z A7 (Gibco, 28[H). B 3E40 Mk
FHRY 58 45 35 345 10% FBS 1% 3. PBS ¥ .
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TBST (HL); RIPA M@y ; W B2 i 50 5 5
(Roche, Fi1:); SDS-PAGE %1 FFEZE P (3
=K, HE); Trizol (Invitrogen, EE); 26E
A& (TaKaRa, HA); Al STAT3 Hilk (K
Hi A, STAT3 (124H6) (mAbs, CST), —Hifli fHE
Pt Bl AU CX3CLL Fiik (fdi A, (CX3CL1
(ab25088) (mAbs, Abcam)), —#ifli FHIF4i bt
& ; PVDF Jiff (Bio-Rad, Z£[#); SIRNA-STAT3
Je Xt R . SIRNA-CX3CL1 K %8 (RIBOBIO, |~
MELE); —HhmpElia (R, hE);
Western Bright ECL (Advansta, £[H); 2K
e A5 L AR & (Promega, 38 ).
1.1.3 {88

HLK X (BIO-RAD, E[E), #%H2 & 5 &
% %% (BIO-RAD, £ ; Fibr{l (Leica, fE[H);
PEER PCR U (BIO-RAD); 14 M H 5.0 HL
(Beckman, [H); &2 R AL Bk E I SR A0
(Astec, HA); & EHMEE (Olympus, HA).
12 F&
1.2.1 JFRkifyE

TE CX3CL1JH 8l ¥ kA STAT3 454t
1 GAS X, DL JBF bk A Bz 4 i 35 R 20 A 1A A
# CX3CL1 i 3+ 1 2¢Ot & g 4l 4 2 A T hr
PGL3-CX3CL1-WT, Jf# e H %48 ik pGL3-
CX3CLL-MUT, ##kk pGL3. [RIE A&k
B AR cDNA Sttt STAT3, CX3CL1 )3k
ikJFki pCDNA3.1-STAT3., pCDNA3.1-CX3CL1,
2330 pCDNA3.1, FUkiy &5 | iR A i
Sk s BRG] ST R LAY 5 1, A AR i ]
IEEL, SIYFHIER 1o SO0 E R Y 1Y
K BT B9 5 11k 5 F PrimerBank, 514 /551 il
% 2,
122 Hfa3ER R B

ST Ik AL CX3CLL FI STAT3 1y 3%
XX HUVEC 20 i G B AR T, A 3Rk o
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®1 FNAESIME

Tablel Primer sequence

Primer name Primer sequence (5'-3') Size (bp)  Product size (bp)

CX3CL1-WT-promoter-F TACCGAGCTCTTACGCGTGCTAGCAGACTGTGT 42 1009
TCTAATGTGCT

CX3CL1-WT-promoter-R CCAACAGTACCGGAATGCCAAGCTTATCTGTGG 45
CTTTTTATAATG

STAT3-F AACGGGCCCTCTAGACTCGAGATGGCCCAATGG 47 2342
AATCAGCTACAGCA

STAT3-R CAGCGGTTTAAACTTAAGCTTCGTATCTTTCTGC 48
AGCTTCCGTTCTCA

CX3CL1-F AACGGGCCCTCTAGACTCGAGATGCAGCATCTG 42 939
GACCGCCAG

CX3CL1-R CAGCGGTTTAAACTTAAGCTTTCACACGGGCACC 46
AGGACATATGAA

R 2 ERRAEERERY EENSHFT
Table2 QPCR primer sequence

Primer name Primer sequence (5-3) Size (bp)
STAT3-gF CAGCAGCTTGACACACGGTA 20
STAT3-gR  AAACACCAAAGTGGCATGTG 21

A
CX3CL1-gF ACCACGGTGTGACGAAATG 19
CX3CL1-gRr TGTTGATAGTGGATGAGCAA 26
AGC

K FA AR ) SIRNA, T M ABL A w34
o AL SIRNA ZEHETC RNA BEIREE T #1715
il 5B IF T 20 CORAE . ST /04 . % s STAT3
I FRIRTRL (STAT3 41) M Xkl pCDNA3.1
(NC 4); #:4% SIRNA-STAT3 (SI-STAT3 2H) T4
STAT3 1y ik K H X HH SIRNA-STAT3-Control
(SI-NC1 4H)., %9t CX3CL1 ATk (CX3CL1
) K H x4 pCDNA3.1 (NC #4); 5
SIRNA-CX3CL1 (SI-CX3CL1 1) T4k CX3CL1
Feak K H X IEZH SIRNA-CX3CL1-Control (SI-NC2
H)o T PR ORUESE TR ML AL T X RO, e
YL IR S Bl W FPF-g-PEI (Folate-poly
(Ethylene glycol)-fol ate-grafted-polyethylenimine,

PEI) k& W1E i Yol b AT e . M4 6 fL
Mz 1x10%2 mL .12 FLAR 5x10°/mL ¥ Ji Fa 4 Jfa
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e IR AL R M 6 h J5 58 R, e & 5%
YU T ] o TG B T 2 /0N SR A s R B 4
TG I R DMEM 3538 58, SR J5 #% Jiuki & PEI
& Y=1 1 3 B4 A e i i I DMEM 85
F5 L0 B A0 YL % 200 pl, £ 100 pl Hr 4 B
B R AN N 5 el ), AREFEE IR T CE
5-10 min 5 iR 41 ; IR21)E 37 CHUE 30 min, )5
R A > FLUE B 77 2 ) T ARG L O 2 TE
RS, VEFAmCE T 37 C . 5% CO 4557
FENEESR 8 h 5 Fedsilh Ye i 4y 58 42 B 5 SR Ak
LLEEIR % 48 h,
123 POERMHEEEERRIE (Lucferase)
POCR B FE 2 F5 LD E  (Luciferin)
R R A g K LR i (Firefly luciferase)
TG PE R — B S RS0 9OE R AT LML Tuciferin
AL oxyluciferin, 7& luciferin & kit #E
2 % W B W % )t (Bioluminescence) . 4t Fi&
PCDNA3.1+CX3CL1-WT 4 (L% pCDNA3.1 Fi
pGL3-CX3CL1-WT), STAT3+CX3CL1-WT 4 (it
% pCDNA3.1-STAT3 #il pGL3-CX3CL1-WT) .
PCDNA3.1+CX3CL1-MUT 4 (3L% pCDNA3.1 flI
pGL3-CX3CL1-MUT). STAT3+CX3CL1-MUT 4]
(3t% pCDNA3.1-STAT3 #il pGL3-CX3CL1-MUT)
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SEYL AT AT R SR . AR)E IR A Th U
A FRGFIF IR 48 h B AN, 57 25 24 FLAR K IR 4k,
JH PBS Ut 3 Ik, sMERFRRANMIETE . 5k
150 pL /AL AR, B2 AR08 Bk 2 e
ST T AN K 2% 30 ming /NG SR 4R,
WOE SRR ) EP 4, TERREEE.OHNP T
4°C . 12000 r/min &.0» 20 min, &5.0 5 & REE
I VE RN A, W 20 s IR KB TE .
1.2.4 MTT 40 jia 3658 5 Bl

B AN M 38 S B 7E 96 FLAR R, An ik i
o Ax10* 4N /mL, 4EFLN 100 L. FiRESEE A4,
&6 1MEFL, 37 °C. 5% CO, 5% 24 h )7,
LI MTT %W (5 mg/mL, ] pH 7.4 /) PBS %%
IR BCH) 20 ulo AREEMEE 4 h, ZabREEFE, N
ALK LI, ST ERIM, TEELO
J& P LN B 5 I B SL N 150 . DM SO,
P& 10 min, {4 S 78 00 i . 5 4% 490 nm
We K, AE B % W I b A% O % R
(Optical density, OD) fH. ic il 4h ),
1.2.5 40 JR SE 5 I 40 U 2 RS BB

W Ab BT RO A0 B4 ST AE 12 FLAR
7 2 B O R O R 0 5 3 ) 2 R O R RN 2k, RNk
FH 20 pL BBt Sk B R 4 52k, SRJ5 ] PBS
TR E % 3 W IMAREFRILIA 37 C |
5% CO, 15 F2 A 55 37 , 4156 [l — 4L BT 358 BUAS [+] g s
(] SR A T 57 0 L GET RS 15 100 o
1.2.6 ERFIOLERZRY KN (QPCR)

VA MR SR A TR e A S 15 5% 48 h, &y
B A AN E EP & b, B0 5 Trizol 241#
Y PR B HL RNA B B 1 B 1175 94 5 30 RNA
V. SRIGUETTI R S G 8 cDNA, s 2t
JE 11t PCR U & fr i 6 R (1 2R3k, ARIBUEE 61 7
AbFE
1.2.7 FEBEFRELEERI (Western blotting)

1E 6 fLAR A AN, 7R 40 i AR AE

&: 010-64807509

WG, PETSER A I T . B R R
48 h R4y B £ A2y 5x10° 4, Bk B,
AR, BB E O TR, R
AR I SEEG /> 4H k4T SDS-PAGE., 300 mA % i
1h, i 5%34-$0 1 h, —Ht (—30 STAT3 I H
Wl 1:1 000, —4i CX3CLL WEEWIE N
1:1500) 4 CHEELHK, TBST MW 5 &k,
5 min/ik. F #0137 CE 2 h, PG nfb#
W) KON ECL, HIAZIR 8 BN KR R 58
. H Origin 8 4 43#r .
128 SGit#hiE:

i R SSPS 13.0 G itk (A s 2R 0y 2 43
Br, Phxxs Fox, ARG t /i RaidE S50
55, DL P<0.05 mMZESEZE, Ll a=0.05 KB ER
I K

2 HERSAM

21 FRAMERELEGERE

Kl 1A /R PCR Y3 iy & CX3CL1 Ji 8+
Bt . #ik CX3CLL 3L Bt . ik STAT3 LA
FBELL R R A CX3CLL J3 3 196t K i
i ARk . CX3CL1 A F kil STAT3 %1k
Bk, & 1B L2 gy CY 3 JRAESEOE B B
T RIALE R, 10K SIRNA AU YLRR . 40
JEEE Y GFP GO W il PRI 45 4L, 1
2 UKL 5 Yk % L CY 3 B Y %l 7T0% 45 47,
GFP [05: Je 505 30% A 14 -
2.2 d%ik STAT3 E£iff CX3CL1 IR IE

Western blotting. QPCR il 45 5 @/, 1 %
ik STAT3 4 STAT3. CX3CL1 /K Hoxt 4w,
SI-STAT3 #{ STAT3. CX3CL1 /K VA Ff K& A%
(Kl 2A . 2B).

2.3 STAT3 &M CX3CL1WBEhFiEMH
CX3CL1 i3 I TGCTGGGAA ¥4 Nl
GAS fif 5, A¥ I STAT3 5 CX3CL1 Ja 8+
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Fig. 1 Plasmid construction and transfection efficiency. (A) Electrophoresis map of plasmid construction. (B)
Transfection efficiency observed under fluorescence microscopy. The scale of the pictureis 200 pm.

FEAER, SO AL P 9158748 R GAS i a5
(B 3A). HATHCREIE MM, SN
5 STAT3 FFAE Alay & 58 8 A CX3CL1 )i 3l
FOOL KM TR, %% pCDNA3.1 Ml CX3CL1
Ja S F oG R B TURLAE X IR, S5 R BN,
STAT3 FlIEFA: K CX3CL1 Ji3 3128 G 2l kL Y
S0 2 ¢ ' R WGk B S T RE 4L (P<0.05),
M AL5 STAT3 MIZRAE A CX3CLL B sl F29 &K
Tit S5 119 5 't 2 TR A L X B2 AR AR B 2
(& 3B).
2.4 STAT3. CX3CL11Ri# HUVECs 1%
MTT Kol 45 2R Bon, #4: STAT3, CX3CL1
21 HUVEC 4 i 7 490 nm 4b 75 Y OD i 5 % IR
ZH A LU B S 3 e, 1 430 SI-STAT 3, S1-CX3CL1
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AL S R SE R 4l OD fH B W R R (P<0.05)
(K 4A . 4B).

25 STAT3. CX3CL1 ¥ HUVECs it#&H
=g

SR FE 200 60 00 9 3 AR ) % 20 240 e S o
48 hji, WEEH| STAT3, CX3CL1 41X} F X}
2H 2 M 3 58 AT # e ) B W KGR , SI-STAT3 Al
SI-CX3CL1 H 4 e R Ji M (Kl 5A. 5B).
U] STAT3 1 CX3CL1 f£if HUVECs if#, i
T4 STAT3 LU, AIBE T CX3CL1 By/K-F- M
) 4 MR

2.6 RPE CX3CL1 K EFRIA STAT3 XF HUVEC
b iwal:oiAl|
it — W HE STAT3 % HUVEC T #fE
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STAT3 — | 42 kDa

CX3CLI H - S (85 kDa

GAPDH | " s | | qmm a7 kDa

STAT3

Relative mRNA expression
[

——
1
0 | 1
N &)
=~ &‘?f‘\
& %\fv
Q
CX3CL1
5 —
E e
g4
=
=3
g
E 2
o
=1
= ﬁ
0 ] 1
\ ) ~ ¥
& ° &

B 2 TFRIEFTH STAT3 #MI CX3CLL WFRIE
Fig. 2 Overexpression and interference with the
expression of STAT3 affect the expression of CX3CL1.
(A) The protein expression levels of CX3CL1 after
overexpression and inhibition of STAT3 expression. (B)
The STAT3 and CX3CL1 mRNA expression levels after
overexpression and inhibition of STAT3 expression.
*: P<0.05; **: P<0.01.

JIWs & i /E ] F CX3CLL RseEny, 7
ik CX3CLL /K V- [F i ik 33k STAT3, it
K 6A AT WLEE 2 I B AT B i b 2 0 A AT RS W
Kl 6B Hriifik STAT3 ik #Kik CX3CL1 /354

A0 iR . X BT, cx3CL1‘ﬂﬁEﬁiﬁ

&: 010-64807509

A

CX3CL1-WT — 1 GAS
promger

TGCTGGGAA

CX3CLI-MUT —_— S
promoter

GTACCAGAA

*%

Relative luiferase activity (fold)

B3 STAT3 %M CX3CL1MBaIFEMREERLS
Fig. 3 STATS3 affects the promoter activity and site of
CX3CL1. (A) The schematic of the GAS sequence on the
CX3CL1 promoter and mutations in the GAS region. (B)
The LUC results after co-transfection of STAT3 and
CX3CL1 recombinant plasmids and co-transformed
STAT3 and CX3CL1 mutant recombinant plasmids in
293T cells. *: P<0.05; **: P<0.01.

STAT3 ) TSR, XF HUVEC Wi A & E
ERERIF

it

555 T SRS T STAT3 S 5HLIAN
LMY A, AR AN A TE | B L ARk
SEAL IV . e S RE R A e i 4 14T

STAT3 FEH H 1 D REAR AT 2848 & 5| e 2 M i
B =A . TES M A T, STAT3/E N E
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A B
20¢ L6 “* PCDNA3.I ~ =CX3CLI
+ pCDNA3.1  ——STAT3 L4} - SENC2 --srex3cLl M
+ SI-NCI -+ SI-STAT3 L '
15} ; 12}
1.0}
1.0 508
S S
0.6
0.5¢ 04}
021
OO | | | | | 0'0 1 | 1 1 J
0 12 24 48 0 12 24 48
t(h) t(h)

B4 MTT M STAT3. CX3CL1 % HUVEC 4 ff 1 5& i 2 Mg
Fig. 4 Effects of STAT3 and CX3CL1 on proliferation of HUVEC cells measured by MTT. (A) Over-express STAT3
and measure OD4q. (B) Over-expresses STAT3 and measures ODq0. *: P<0.05; **: P<0.01.

STAT3

SI-NC1

SI-STAT3 SI-CX3CL1

5 STAT3#1 CX3CL1 %} HUVEC HIiE# & iz

Fig. 5 Effect of STAT3 and CX3CL1 on HUVEC migration ability. (A) Overexpression of STAT3 enhances the
proliferation and migration of HUVEC, inhibiting the expression of the opposite. (B) Overexpression of CX3CL1
promotes proliferation and migration of HUVEC, inhibiting the expression of the opposite. The scale of the picture is
200 pm.

A B
12h  24h  48h 12h  24h  48h

B 6 @ik CX3CL1 AT RIE STAT3 ¥ HUVEC RIiE e hrIsm

Fig. 6 Effect of overexpression of STAT3 on the migration ability of HUVEC when knocking down CX3CL1. (A)
Overexpression of STAT3 while knocking down CX3CL1 did not significantly promote cell migration. (B)
Overexpression of CX3CL1 while knocking down STAT3 still promotes cell migration. The scale of the picture is
200 pm.
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SRS T3 5 I A 9 LA g gt AR 1O
JAK/STAT {55185 CX3CL1 &Pk, HiE
SeH ARl CX3CL1 &k, ex3cLl & —
Si AR IR -, LS G M CX3CLL #
2 I~ JikEE ADAM10 A1 ADAML7 24 f# J5 RETE Wi ]
%Pk CX3CL1M, CX3CL1-CX3CR1 i M7 A
o 2 O B R BRE R 2 0 I A R R
PR ee2 | JiE, CX3CL1 il CX3CRL #E3)
ks e AL R AR, B A AT e A
LA R 8 i 122 A s K G R B Ak e 309 114 A 3 ik
WEZ F = K ) CX3CL1 mRNA, 7E#R 5 & 5
[ apoE #HLFH (apoE™) /N BB 2l Bk 6 ke B £k s
Az CX3CL1 FiA™, CX3CL1 7EIE# 19 ECs
T RIBAKCE AR, MR RE T aHE 20 . bR IR
W F-o, EAIEANR-1 T E-o G EC
Ik R N P R PR BRI T A A
A ER-1 8 N F KB 1558 %S CX3CLL Y
Fik, T E-p ) JAK/STAT1 55 CX3CL1
EI/‘J%% j: [25- 26
ﬁﬁﬁawm%%%wmﬁﬁkf%ﬁpﬁ
W CX3CLLRSEHE, UL R #E STAT3 #5 5#[A
FA-FF CX3CLL Xt 45 P Bz 4 i A Bf 14 78 R
BISZIR , A SCEFRE STAT3 % CX3CLL fEfH 7 = .
STAT3 %I CX3CL 1 ik (1145 LA AR B A A%
PN Bz 240 it 1 B %M%mmﬁ”Tmimf
R 4R KW STAT3 Al i &1/ T CX3CL1 J3
3+ 1 GAS Izﬂéufl?é CX3CL1 /K-, I H4;
5 7 CX3CLL Af LA 0 4H Jfd 34 58 A 5%
STAT3 B T IMAE P9 B2 41 il CX3CL1 ik i .
DL 16 HH STAT3 AT e J&id i HL#4E AT CX3CL1
M JE I CX3CLL A/, AT A 2 4 b
B NI RS o 1 TP 148 7Y e 20 B b STAT3 K3,
I8 T 98 CX3CLL 7K1 I R 0 il i A Bz 248 e
BAFH AT RS o X BB 25T X B ik oks #E A 1k A B 1F
REAERE X, I HRAERFEF CX3CLL B hE)
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