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E ZAFRARIT T A E FCX3CLIXT AR Pk A % 48 2 (human umbilical vein endothelial
cells, HUVECs)F 22 44 % s R EAF Fl U], CX3CL1AIMHUVECs/E, & F % 9% 3 K4 &3 A4
4 0 R & @ 4 4R ILE) & & (F-actin) 49 o A A= 7 &5 20K, R Bl Western blotd% A4 J&2 fiT P F-actin
Fa B BRACAL o B R & 1L & @ L B (mitogen activated protein kinases, MAPKs)#9 = #F I %! [p38. 4@
fe 5138 7 & & L B&1/2(extracellular regulated protein kinase 1/2, ERK1/2)F=c-JunZ& £ K 3% L B (c-Jun
N-terminal kinase, INK)]47 & £ K-F. £ R 2, 10 nmol/L CX3CL14)i%HUVECs 30 min/z, 48/i2.493K
YN B R AARARIR, BB WA RL ) A ETS AR 120 minJs, 2D B A OH K IR M K E BB B ) ¢
YT A% 180 min/s, JUJR A BL 1 4 4V, Y dksm =T ILEC % 41 B4 . 10 nmol/L CX3CL 143 HUVECs
30 min/&, F-actin®) & A AK-P- 27+ &, 7+-F 120 min/z 15414 ; 10 nmol/L CX3CL14)i%HUVECs 1 min/z,
BEEAP38. ERK1/24INK & A K-FH 5, 5 min/s =& ¢ R AK-F A% 5 ng/mLILCX3CRIFLARIP
#4110 nmol/L CX3CL1#]:3HUVECs/&, #81tp38. ERKI1/2A=INK# & & K-FFEAK; 30 umol/L p384%
4% F P37 4] 77 SB203580AERK 1/2 64 4% 5 M4 41 7] PD9805947 %) 10 nmol/L CX3CL1#:#HUVECs/5,
FOJR R BL F 4F 4080V, RL ) 45 4 42, F-actind) & XK Ak, A EAFR 45 R & B, CX3CL14%E T
p38F2ERK /213 5 i@ B4 vA B R 4R #i 7 XA~-FHUVECs 40 e 22 69 M.
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Functional Characterization of CX3CL1 in Altering the Cytoskeleton of
Human Umbilical Vein Endothelial Cells

Zou Liting, Xie Shuqin, Zhong Ling*
(Department of Nephrology, the Second Affiliated Hospital, Chongqing Medical University, Chongqing 400010, China)

Abstract This research investigated the effect of CX3CL1 on cytoskeleton in human umbilical
vein endothelial cells (HUVECs), and evaluated some possible mechanisms. HUVECs were stimulated with
CX3CLI1. Immunofluorescence staining technique was used to test changes in distribution and formation of
F-actin in HUVECs. Western blot was used to detect expressions of cytoplasmic F-actin and phosphorylated
mitogen-activated protein kinases (MAPKSs): p38, extracellular regulated protein kinase (ERK1/2) and c-Jun
N-terminal kinase (JNK). After 30 min stimulation with 10 nmol/L of CX3CL1 in HUVECs, dense peripheral
band began to be destroyed and cytoplasmic stress fiber began to form. After 120 min stimulation with 10 nmol/L

of CX3CL1 in HUVEC S, peripheral band disappeared and massive cytoplasmic intense stress fiber formed. After
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180 min stimulation with 10 nmol/L of CX3CL1 in HUVECs, cytoplasmic stress fiber decreased, and peripheral
band could be seen in some cells. The prominent enhancement of cytoplasmic F-actin was detected starting after 30
min and peaking after 120 min of stimulation with 10 nmol/L of CX3CL1 in HUVECs. The prominent enhancements
of phosphorylated p38, ERK1/2 and JNK were detected starting after 1 min and peaking after 5 min of stimulation
with 10 nmol/L of CX3CLI1 in HUVECs. The up-regulation of phosphorylated p38, ERK1/2 and JNK induced by
10 nmol/L of CX3CL1 could be decreased by 5 pg/mL of anti-CX3CR1 antibody in HUVECs. The reconstruction
of F-actin, the formation of stree fiber and the up-regulation of cytoplasmic F-actin induced by CX3CL1 could be
decreased by 30 pmol/L of SB203580 and PD98059 in HUVECs. SB203580 was used as standard inhibitor for
p38. PD98059 was used as standard inhibitor for ERK1/2. In conclusion, CX3CL1 might induce a time-dependent

reconstruction of the cytoskeleton through p38 and ERK1/2 signaling pathways in HUVECs.
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PoH R4 i M ST P AK (anti-neutrophil cyto-
plasmic antibody, ANCA)AH G 1ML 4 %8 J& — 41 LA/
ML BE () JERE N T e R AL IR DG ML T A7 A8 B0
B8 5T 5 11 3 (protease 3, PR3)ak fifi it 46 14 ¥ i
(myeloperoxidase, MPO)IFJANCA Jy & % 5 1iF [ &
Gk A B e MR, B RN R R Dk 32 R R
™M, e AR A 2 b P 2 1 3 4 (granulomatosis with
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polyangiitis, MPA)FHIRE R [A] 2 i 1k 22 1L %% (eosino-
philic granulomatosis with polyangiitis, EGPA)™, 7E IfiL
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MDA BRI 9T SR ], ANCA-AH G I
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WEAIME . CIRONER A 2040 MOt % 2 R0 I3 o
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CX3CL1; human umbilical vein endothelial cells; mitogen-activated protein kinases; F-actin;

1 MR57A%
1.1 RAFI52HA0

N JBEER K A 52 41 B (human umbilical vein endo-
thelial cells, HUVECs) i1 & JK b= B} K22 B 8 26 =
Bt B VE I R BF SO SRt S IR AF . Bl R /R e
PG ol R A% 7R B 1% 77 i (dulbecco's modified eagle's
medium, DMEM)J# [ Hyclone A #; fifi 2+ L 7% 1 H
GibcoA 7], N H ZHCX3CL1 HPeproTechA ), $i
CX3CRIFL A HR&D Systems 2t wl, fiff iR 14 & [
FEICR G S0 1 e i IR A R R A R
BCAVE e B0 &0 B b5t 3 B s AR
17 PR 22 7], SDS-PAGE#E /i e il il 7 & W B L ifg 28
= RAEDEARA R 2w, s B ECLAS I 57 &0
H i IR R A PR A H], $iP-p38. p38.
P-ERK1/2. ERK1/2. P-SAPK/JNK I SAPK/INK $1
YR H Cell Signaling Technology /A ], HTF-actindi {4
%) H Gene Tex’A ), JLGAPDHPUAN B #2244 2
NP AT R 23 7], goat anti rabbit 1gG HRPIE [ b 57 & 3¢
F R AT BR 2 7], SB203580. PD98059. SP600125
J4 9 Millipore A 7], AF488®-phalloidin/¥4 [ Invitrogen
/y ], Hoechst 33342014 H Sigma /A 7]
1.2 #faiESR

HUVECs{E & 1 10% /6 4 1L3E . 100 pg/mLAE %
ZA100 U/mLT 5 2= 10 i DMEME; Sk, 37 °CL
5% COLZME TR AT TR 41K 52 90% il &5 I HEAT
AR
1.3 FITCHRICHI R EIRRAENHUVECSE 3R &
HBITZL

HUVECsEA5x10%/4L ) 5 B2 45 Fft 244U, 45 4
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J il A 46 3890% 5, TG I3 1R HEDMEME; 77 5 4k 4
B5FR12 h, A 40 i R0 A K Ad T 1391, 10 nmol/L
CX3CL1%y 5 #] #HUVECs 0, 30, 60, 120, 180 min
Joi, TR B IR £k 2% i W 3 7K (phosphate buffered
saline, PBS)UER 41l =K, 4% Z R =l P E
15 min, PBSUEEAN ML X, IS U/mL FITChRc i)
Y 2E IR Ik (Alexa fluor® 488 phalloidin), = i T &6
A1 h, Yeta 5 e )5, PBSELYE M IX, i AHoechest
33342(10 pg/mL), =il NEEGIT H 20 min, H(f5g ke
J&5, PBSTEE M K. o a4 L0 E A E T 98Ot WA
i b, MR N B E 4L R (A F-actinff) 40 A1 5 B & 22 0L
IR

30 umol/L SB203580(p38 1) 45 5 1k #1141l 7))~
PD98059(ERK 1/2 {145 55 #1131 751 F1ISP600 125 (INK
(1) 4 S 2k A ADFE BT T 760 min, 10 nmol/L
CX3CL1IJ#HUVECs 120 minJ5, 1% 8 _Fik J5 ikt
MM AT 9 e Y th, WS T WL %2 F-actin (1) A8 1L JF
(G
1.4 Western blot#&llHUVECs FMAPKs# 2 14
FF-actinBY FRiE KT

HUVECsEASx10%/4L 1% B 4 B 1-244L 4R, 1§
I fib A R 3K 90% i, G LT DMEMR; 7% 5k 4k £ 5%
F¥12 h, A 40 [7]22 A K I Ab T E# R . 10 nmol/L
CX3CL1% M HUVECs 0, 1, 5, 15, 30 minj, ¥
FIPBSHE 1% 41 I 9 ¢, B It Ak 40 i, 5 ¢k FH 7 1)
PBSUEGAN M IR, I RFHL, 4 °CREIR LER185%E
%15 min, 4 °C 14 000 r/min/ 0215 min, B_F3F, #%
WBCAL S M sl A Sl | ks, 8
i OISR <R AR R, WK S min
fif i (AR M, B 35 20 36 TEPE R B T-20 °CfR
120 W20 pgt A, H5%AR 2R AI8% 73 2 ik LA80 ViIH
JE T30 T HUK3 b, Bk S, LA360 mATH L T
UK FHENE60 min, F 556 S5, 5%/ ML 8 11 3 T
T4 °CHEIR 3 1411.5 h, il APiphospho-p38. p38.
phospho-ERK1/2. ERK1/2. phospho-SAPK/JNK Al
SAPK/INKHUAR BT L 4 JE 0 B F R RE ), 4 °CHig
B . H, FE0.1%036-20(Tween-20) (1 = 4
M i 2% pp £6 (triethanolamine-buffered saline, TBS)i%:
P =R, REUR10 min, 0N B Gsk 42 44 42 I 4 6 1)
—Pi(1:5 000), =L A1 h, TBSTEDE =X,
K10 min, HINss B ECLAS M) & Wi, &AL
Quantity One 403K AT 45415 I BE 73 AT

5 pg/mL[Fanti-CX3CR1HT4df HCX3CR1 60 min
Jii, 10 nmol/L CX3CL143 5 Fl ¥ 40 iz 1 minFl5 min,
el FR TR IR B A, K illp38. ERK1/2H1INK
TR AL B 1 RV B T R IA K-

10 nmol/L CX3CL14} 4| #ll#HUVECsS 0, 30, 60,
120, 180 min/&, AN, WEWE#30 sfa, BT UK
21 min, & H.IX, 4 °CF3 000 r/min 0210 min, H
i, BB (1, BCAVEN a2 28 FIIRE, B (AR T,
o165, 20 °CLRAE, Kl Jf 5T N F-actin fl1IGAPDHIY)
FIEIKT

FH30 umol/L¥JSB203580. PD98059AISP600125
43 AR HT T 760 min, 10 nmol/L CX3CL 14l
HUVECs 120 min)i, % 8 _F & 7 v 4 B i 85 11,
Kl F-actinf1 GAPDH ) 3% /K F .
1.5 FitrAE

JIr A7 5K 56 #1852 — IR, BOH DL 3 Hlebr ME =
(x£s) KR, KHSPSS 17.05 4% 52 56 F Hs B AT Fe it
g3 Bt 20 18] K H 5 [0 75 22 53 B (One-Way ANOVA),
P<0.05h 7= HA g0t 2 L.

2 2
2.1 CX3CL14*SHUVECsBZ2E HF-actinfyEH
1558 6 8 B B BT N W 8¢F-actinff) 4 (4 45 R
KI5 R R P R 4 L ) F-actin(45 (5, 9% ) 12 22
OYAT TGN 1, TG S e R A R Sy, 4i
JfL 5 I L RS BN A RE AN . /D H P R A i 1)
JL 5T N 4T 40 ) F-actinka 29 1) WL(E1A). 7110 nmol/L
CX3CLI T, 412 A I F-actinff) 43 A F1TE 28 &
Ao AR, HE B RS PE . 10 nmol/L CX3CL1H ¥
HUVECs 30 min/&, )5t N tH B/ 2 8 ) £F 4, 40 0
A0 BRI F-actin S8 AR, T 00 A1 J 350 e g (14
1B); 60 mini7, 415 P HHERAI TR ) 27 4, 4112
JB, Bk F R EFEINAFESNU(EI1C), 120 min/5, Sk
JE S5 A O, 405 A B K R B A R N ) £ 4,
HN 1Y 51 2 B (K 1D), 180 min) £ 5 A
WSR2 Y TR i (DB
2.2 CX3CLI1¥HUVECsHf 5 A F-actinZziZ 95200
10 nmol/L CX3CL1Jjll# HUVECs J&, Western
blot4h W & B, CX3CL1LL i ] 4 4 7 X & i
HUVECsHg Jit N F-actin[f] 3% 18 7K 7, 5 2% (1 %
S1H B AT B 35 Ik 22 F(P<0.05). 25 R I 20 1 4
Jit fE A6 0 21 Bt J5t N F-actinfr) 2 il 7K °F, 10 nmol/L
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A: ZE (1% B~E: 10 nmol/L CX3CL143 HI il HUVECsS 30, 60, 120, 180 min.
A: the blank control; B~E: HUVECs were stimulated with 10 nmol/L of CX3CL1 for 30, 60, 120, 180 min, respectively.
E1 CX3CLI1¥HUVECsHF-actin 5200
Fig.1 Effects of CX3CL1 on F-actin in HUVECs

(A)
CX3CL1 (10 nmol/L)
0 30 60 120 180 (min)
F-actin . —
GAPDH — — O S —

B) 5

4

Normalized
F-actin/GAPDH
*

1-

0-

Omin 30 min 60 mn 120 min 180 min

A: 10 nmol/L CX3CL14 HIHI#HUVECs 0, 30, 60, 120, 180 minJ&, ifd5i N F-actinff) %A 7KF; B: F-actinfIGAPDHI{ LL{E . *P<0.05, 525 (A%}

JE2H (0 minZH) L%

A: the expression of cytoplasmic F-actin in HUVECs stimulated with 10 nmol/L of CX3CLI1 for 0, 30, 60, 120, 180 min, respectively; B: the ratio of

F-actin to GAPDH. *P<0.05 vs the blank control group (0 min group).

B2 CX3CLIFIHHUVECSs/E AR K F-actinhy Rk KF
Fig.2 Expression of cytoplasmic F-actin in HUVECs stimulated with CX3CL1

CX3CLI1 | #HUVECs 30 min), 2 it P} F-actinff]
FIEACT T 2 H IR ZE K 4260, 120, 180 min,
F-actinK) ¢ 54 KFAE 120 minik WA, B i 28 8 1A
{H180 minlt, 1y I~ FEfiliZK1-(1&12).
2.3 CX3CLI1*HUVECs®HMAPKsH;ER ¥ B 520
10 nmol/L CX3CL1 4| #HUVECs )5, Western
blot4i & B, CX3CL1LL B i) 4K &6 7 = 1 i
HUVECsH [FIMAPKsfi 2 1t.p38+ ERK1/2FIINK ]
FIB KA, 523 U0 BT 40 A L 38 2
(P<0.05). 2% 5% B 4] (THUVECS fig Ao 0 21 5% f2 11
p38. ERK1/2. INKHZEATZK; 10 nmol/L CX3CL1

FIPHUVECSs 1 minj&, R 1p38. ERK1/2. JNK
(RZIAIKE I T, 4 AE IR R EKC 425, 15, 30 min,
i B2 1kp38. ERKI1/2FNINK K] 3 ik /K 7 7£5 min/5
1K B e U, B = IR 3R AR K P 1) 3 M BRI, RAE
30 minft, =3 RE A T HIERE A (E13) .
SEAG A FRATTAR I B HUVECsH 82 b p3 8 FINK (1) %
IEACEAE120 min i IS EAZKSF, T BERLERK 1/211)
FILTKFAE60 min e ik FERZK P (R B/ £ i) -

5 ug/mLHTCX3CRIBL A4 W] & 41 ] H110 nmol/L
CX3CL143 51 % #HUVECs 1 minfl15 minJ5 5| & 1)
p38. ERK1/2FIINK AL i R IA AT I (Kl4)
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(A)
CX3CL1 (10 nmol/L)
0 1 5 15 30 (min)
P-p3g — R G— -
P33 S e G e -
P-ERKIZZ S S S e e
ERKIZ e e G S &
P-SAPK b VY
PoNK i S : iy
SAPK W e
JNK

+

B)

Normalized
P-p38/p38
P i

—_
1

Omin Imin S5min 15min 30 min

*

Normalized
P-ERK/ERK

Omin  1min S5min [5min 30 min

y

*

Normalized
P-JNK/INK

Omin  1min S5min [5min 30 min

A: 10 nmol/L CX3CL14} J ¥ HUVECs 0, 1, 5, 15, 30 min), &1L MAPKs(P-p38. P-ERK1/2F1P-INK)[{) £k /KF; B: i/ MAPKs(P-p38.
P-ERK1/2F1P-JNK) Al ZiMAPKs(p38. ERKI1/2FIINK)HI LA . *P<0.05, 1555 %) 2 L0 min4l).

A: the expressions of phosphorylated p38. ERK1/2 and JNK in HUVECs stimulation with 10 nmol/L of CX3CL1 for 0, 1,5, 15, 30 min,
respectively; B: the ratio of the phosphorylated MAPKs (P-p38. P-ERK1/2 and P-JNK) to total MAPKs (p38. ERK1/2 and JNK). *P<0.05 vs the
blank control group (0 min group).

El3 CX3CL1XHUVECsHIMAPKsHERES £ 7Kk T /Y F2 0
Fig.3 Effects of CX3CL1 on MAPKSs phosphorylation in HUVECs

2.4 CX3CL1i# Jp38SFERKIRIESBE N &
F-actinBY =14

WESHTR, 25 AR 4 HUVECsFF-actin(41 {7,
D) T B A T 40 JE I, TE A JE By, DB
21 B 11 J0 5 PN T 401 () F-actin & 24 W] UL, 41 B #% 4 Fl
A5 /D> B F-actin£] 4E(XI5A), 10 nmol/L CX3CL1 3%
HUVECs 120 min/, &M S0 45 1 2k, Mot A K &
() % Y. ) €T 4 T i (5B). 30 pumol/L SB203580
HIPD98059% Jill$& i - 7560 min, 10 nmol/L CX3CLI1
FIHUVECs 120 minj&, JJ5T N ) £F 4E b, W
F1 47 5 (B 5CHTEISD); 1730 pumol/L SP600125%}
10 nmol/L CX3CL1KI#HUVECs)5, F-actinff] EEHER!
LS P . T £ 4 1R B BTG BH S8 5% i (€1 SE) .«
2.5 CX3CL1i# 3p38FNERK1/2{5 S il B 12 i#
F-actinBY3Ri%

WK 617, 10 nmol/L CX3CL1%# T HUVECs

120 minJi5, Mg )i W F-actinff) % ik /K F & 2 7F &
(P<0.05); 1130 umol/L SB203580F1PD98059 1} i #1fI
110 nmol/L CX3CL1#ill #HUVECs 120 min/5 5| &
(1) 5T Y F-actink 15 7K ¥ 1 . {HSP600125%}
CX3CL1#J| #HUVECs 120 min/i5, 2 5t P} F-actinff)
Tk WAZ(P>0.05).

3 Wig

FEANCAAM 52 VE L4 58 19 2B 55 Ok i il e
Hp 2 B DR O P R 4 Y, e T 1 e R 4
i J J0k R ik A 11 3 (protease 3, PR3) A fL )
fi# (myeloperoxidase, MPO)%E $T J5t 22 41l i 3% 11 5
ANCA R A AR T AP S 37, S50ASE Hh MR 40 ik N Bt
RURL A SRR ACIRAS, R THOR 22 11 2 1 /K S g A
S, RN B0 M T RIIR AL, LA R AR A A
BT, GuillevinZF % ANCAAH I M5 4% £
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(A) ® 3
B
S 2
CX3CL1 Anti-CX3CR1+CX3CL1 =S
2
o T
0 1 5 1 5 (min) Z &~ 14
P-p38 s — “ e — -Omin Imin 5min 1 min 5 min
CX3CL1 Anti-CX3CR1+
CX3CL1
IR e — 3
]
B2
g E st st
— s 1
P-ERKIZ s e SR W N
Omin 1min Smin [ min 5 min
ERK1/2 ‘ CX3CL1 Anti-CX3CR1+
-_— - - CX3CLI
5-
P-SAPK PR Y -~ 41
B
qé Z 31 *#h
PNK - - . 5%2
] 1
Z 1
sapk S S - ...
Omin 1min Smin [ min 5 min
JNK

CX3CL1 Anti-CX3CR1+

CX3CLI

A: 5 pg/mLPLCXICRIFUASEHTHIEANMI30 min, 10 nmol/L CX3CL 1A L0, 1, 5 min/5 B #E /L MAPKs(P-p38. P-ERK1/2FIP-INK) (1A 7K
*F; B: iR IEMAPKs(P-p38. P-ERK1/2FIP-INK)F1EMAPKs(p38. ERKI1/2FIINK)F LLAE . *P<0.05, 525 (16 4 LL AL, #P<0.01, 5554 M1

CX3CLIAL# -

A: the expressions of phosphorylated p38. ERK1/2 and JNK induced by CX3CL1 within 0, 1, 5 min respectively in HUVECs pretreated with 5 pg/mL
of anti-CX3CR1 antibody for 30 min; B: the ratio of the phosphorylated MAPKs (P-p38. P-ERK1/2 and P-JNK) to total MAPKs (p38, ERK1/2 and
INK). *P<0.05 vs the blank control group; *P<0.01 vs the counterpart of CX3CL1 group.
El4 #HHCX3CRI1/E, CX3CLIX AKX HAMEMAPKs#ER (L a9 1ER
Fig.4 Effects of blocking CX3CR1 on MAPKSs phosphorylation in HUVECs stimulated with CX3CL1

HEAT 28 A IR 25 R 0o, 75 B8 A8 Ak D i A ]
FELRH B L8N, A7 AE Kt 5 09 (19 7 TR 88 1 AH G
TR A H P PRGN D . CXBCL LA S (1) 3
ARG W, %85 /R e T CX3CLLE A
Ui 15 BRI &5 5 B P R A7 AR 7 X, el 26 I A& AL
(U PE s 7 S e PR IR R A R S i e o,
CX3CL1Z & i PR 41 i 1 & b 55tk {2 3 v i
W20 5 I N R AN RS 2R B A . R R W,
ANCAA I ML 58 i 2% 1ML CX3CL1R A 7K
L RS B R P 5 EAH OGBS, Bjerkelif$MHF 7T K
B, CX3CL1 5t B . 274 SR A il A
YA EE AR R A R bR e A B KT IE ARG
I, CX3CL1/EANCAAH I ML 2 1R 55 175 20 kS

HELEM.

0 M 8 2 R A v ) B AT A I s G A,
SIS ok 22 R [R) £ 4 =P o 48 ) B %
WOAR 2, vhod 40 MBS IF S 2 M g i D) e A %
2z, NS S AR 4, BELA% 40 M P9 5 Ay
FEMNshE A A WahEE LA FIE A,
AR TP & N RN o) 1R i - S P = S R = A N
HE AL B ) BKOE 43 1, PR BERAR WL BN 22 1 (globular
actin, G-actin). 2 R KL3) & H B LS H H
22, FR N A 4R WL 3)) & F (F-actin)'*". F-actinj&
PN A MBS S DR IR AT QL B, B
NES S C G N A A 2 U A ST B e
JEA, ez M a] DA H Ak, AR B T A
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75 pm

75 pm

75 pm

75 pm 75 pm

A: RS

NWE

H; B: 10 nmol/L CX3CLI; C: 30 umol/L SB203580+10 nmol/L CX3CL1; D: 30 umol/L PD98059+10 nmol/L CX3CL1; E: 30 umol/L
SP600125+10 nmol/L CX3CLI1.

A: the blank control group; B: 10 nmol/L of CX3CL1 HUVECs; C: 30 umol/L of SB203580+10 nmol/L of CX3CL1; D: 30 umol/L of PD98059+10 nmol/L
of CX3CLI; E: 30 umol/L of SP600125+10 nmol/L of CX3CLI.

El5 MAPKsHIHR 5533 CX3CL19+ SHUVECsAIF-actin B 89821
Fig.5 Effects of specific inhibitors for MAPKSs on reconstitution of F-actin in HUVECs stimulated with CX3CL1

(A) (B)
CX3CL1 SB203580 PD98059 as)
= QA
. o A
0 120 120 120 (min) S 2
<
E g
S5
F-actin S S S— — ;E

GAPDH s s - s 0 min 120 min 120 min 120 min

CX3CL1 SB203580 PD98059

45 * i
CX3CLI SP600125
0 120 120 (min) - 31
T
8%
F-actil s o c— g %
Z g1
GAPDH S S S— =
(\E
0 min 120 min 120 min
CX3CLI SP600125

A: 30 umol/L SB202580. PD98059HISP600125%3 7|3 i T- 160 min, 10 nmol/L{KCX3CLHFAHUVECs 120 minJ&, il 5t Y F-actinff1 6% /K *-; B:
F-actinflGAPDHIFJLUAE . *P<0.05, 5 4% [0 IR AL LA, #P<0.01, 5% M IFCX3CLI4 LR .

A: the expression of cytoplasmic F-actin induced by 10 nmol/L of CX3CL1 within 120 min in HUVECs pretreated with 30 umol/L of SB203580,
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Fig.6 Effects of inhibitors for MAPKSs on cytoplasmic F-actin in HUVECs stimulated with CX3CL1



SIS 4 CXBCL 1AM 5 AF Ik Py B A0 M 4 88 19 ) eI 7T 825

()48 20 3 R0 N ) 21 4E T A 3 i A0 gk g 2 — X 4
FF A R 4 it ) BRI S8 35 1 R 7 T A R4
JTo A B2 40 M52 ) A0 FRRNRIN, F-actin/Z AE HL A,
I JJEFYETE R, Tk BTN, 40 B ] BR A OK, 4 i
B D RESZ 401, 4R 98 RE 4 B AT 28 R DA 15 ok 1l
R A0 I 7% 2 BT, Rk e e e R R AR
RS R AE AR S g, FRATTFHCX3CL MK
HUVECs)5, M %¢F-actinff) 4% . 4558 Lo, 40 )
121 FHF-acting] B 1) 41 A1 BU% 5 730 min 4632 57 4
fift, 22120 minf 524V 2K ; 40 5 ) £E30 minFF 45
/D N £ 4, 120 minfi 0K R B o
SO N NI A o I NS R T o
P A1 % BL10 nmol/L CX3CL12 5] £ HUVECs i 22
R ) B E WSS . CX3CL Y 5 PE 32 A CX3CR1
MR IR GE BB EEZ K, FERETH
i M RN P R 4 3R Tt el, CX3CL15CX3CR1
G Ja, v LR VR 2 B N, 1) G 20 R i
Wl R BB FIMAPK 250718 MAPKs & —
Y 22 F R/ F IR e R P, L 2 R
S AT R, LR AR T BT A Al i R FL S
Y FMAPKs#; 7 #3725, Bip38. ERK1/2. INK.
ERKS5. ERK3/4. ERK7 Al Nemokf: i (Nemo like
kinase, NLK)"', 2244y ik, WF 0 i %2 FIMAPK s &
p38. ERKI1/2FIINK. K T fi#CX3CL1&Z 77 fig ¥
THHUVECsFIMAPK A5 5 il #%, & A1% FH Western
bloths M| T CX3CLIAN [ i) [i] £ X HUVECS 1) fiff 2
fp38. ERKI1/2HINKHE & K ¥ [ 5. &5 F &
M, CX3CL1# #HUVECs 1 minJ5, % % 1kp38.
ERK1/2FIINK K i /K ¥t &5 5 minfs, = # 1%
15K Ik I . CambienZE2OF 57 & #1L, CX3CL1
A A ) R Al i nT DL Ep38. ERKI1/2F1INK
(1) 1 2 A4 Park 552 BIF 50 & L, CX3CL1 A BAf 1F
W5 T 2R 4 il p3 8 MTERK 1 /2 R i 12 11 ; Nevo 222
TR I, CX3CL1EAERK /208 (19 77 28 388 i #oh 28 B
0 L 9 40 L 3 AR 28 PO, X S R SR AN S
Mg e EixsEsh, TATTHPICX3CRIPUAR S 4]
CX3CRI1, R 5 # MCX3CL1 ] HUVECT, iR
HEMAPKsFRIAIK - SEEG 45 R, CX3CL1H|
BMHUVECs)5, % 1 1kp38. ERKI1/2FIINK# ik /K
) I HTCX3CRIPUA B Bl . X gk — ik
W] T CX3CL1fEi it 5CX3CR14E & 12 FHUVECs
BRI MAPK s £k /K.

KlosowskaZE>IF 9% & B, £F 2T 4k B 40 i o,
CX3CL1 Fifip38. ERKI/2FIINK ¥ ER 1L K, 5
AT RN 0 I F-actin T HE, {12 30F £ 4 RE 40 B 13T
. Maciejewski-Lenoir:29HF 57 & B, 78 /N i 54
i, CX3CL1 LA (] R0 7) 2 4l 7 R ERK 172,
(EHESH MG TE . TR 40 B 28 o EEHE AN 0 A
JE. {H HHICX3CL15| A FIMAPKAE 5 i i (1) ok
TSI TR 40 B 208 (1 AR R AT R
o B EARSEE 1, AR FIMAPK sHF 5 P 40 6l
43 A BEAT T 1, A #ECX3CL1R FEHUVECS )5 41
M B EE AR AL . 45 AR, p38 IR S R Al 71
SB203580FIERK 1/21 7 5 ' 11 1l FHIPD98059HE %
FHICX3CLIA 3 MHUVECs & 28 50y, 1INK KR
SEPEAN I FISP600125%F CX3CL 1415 ) 40 it 1 44
TSI 2 54mT.  MAPKsH) = Fh W (p38. ERK1/2
FINK) AT LA AS 7] {40 i 4 0o, JF He
U R B R AN SE A AR TR, DR ATT AR A B R
A E A AE R . WaZERPSIHF 98 R I, 6 B4 i
AT 2 40 L F-actin 55 HERTN. 1) 21 4 7 )l F
o, p38R A T O AR, ERKI2EE 2 5, Lu
2608 I Mohammad 25 294F 57 & BIL, p38 FIERK1/2%:
550N B2 40 i T 2 S0AR R 3 PR . AR 2 5 Y
5 FIRSCHRIRIE A ST o EA SIS, FRATTIE RN,
10 nmol/L CX3CLI1 g LA i 8] 4 46t 1 i€ ZEHUVECSs
JiL 5 A F-actin (I35, 1M1 122808 4 p38 (14 5 P 7]
71SB203580FHERK 1/2 1) 4 5 14 4111 1] 71/PD9805 94
Hilo WLEh & A A G-actinfl1 2 B 44 () F-actin 4
F, T H LB B AR T4 M 5T rpio-, fRl itk 3k
FIIHEMICX3CL TR N Bz 40 1 =, B 5T N G-actin 7]
AE 18 1 p38FERK 1/217 53t 4 58 & J¥ il F-actin. 7L
ARSI R B, CX3CL A5 | L INK B B0 K S 18
A, (HINKAE 5 1l % 21 IF K 2 5 HUNECs i 42 (1) #
e, X PR R T IR A B 4 B b BE D g 4k, CX3CL1
AIREIE A 3 T oAb D) RE IR AR, BATTRE A LU T
FEHO AT HE— D IR

CX3CL1AE M i il p38 MIERK 1/215 5 18 % LA
I TA) 46 6 75 20 S HUVECSs 1 428 2 (1 A4 41 i 5
B 40 JE AT O R BT P Y ) £F4ETE . CX3CLY
ANCAM I A5 48 1K) 25 005 0 ¥ 3 45 bk 52 1E A
Feo ASZIGHIFIT A HE T T ANCAAH P I AS 4
o FCFEIRE (1) R A LI 1 S 6 JE Ak, mT REA VAT
ANCAFH I I A 58 B AL (1) B Ao



826

\

WFTIRIL -

10

B Z 3k (References)

Pepper RJ, Hamour S, Chavele KM, Todd SK, Rasmussen N,
Flint S, et al. Leukocyte and serum S100A8/S100A9 expression
reflects disease activity in ANCA-associated vasculitis and
glomerulonephritis. Kidney Int 2013; 83(6): 1150-8.

Mantovani A, Dejana E. Cytokines as communication signals
between leukocytes and endothelial cells. Immunol Today 1989;
10(11): 370-5.

Matsunawa M, Odai T, Wakabayashi K, Isozaki T, Yajima N,
Miwa Y, et al. Elevated serum levels of soluble CX3CL1 in
patients with microscopic polyangiitis. Clin Exp Rheumatol 2009;
27(1): 72.

Bjerkeli V, Damés JK, Fevang B, Holter JC, Aukrust P, Freland
SS. Increased expression of fractalkine (CX3CL1) and its
receptor, CX3CR1, in Wegener's granulomatosis—possible role
in vascular inflammation. Rheumatology (Oxford) 2007; 46(9):
1422-7.

Matsunawa M, Isozaki T, Odai T, Yajima N, Takeuchi HT,
Negishi M, et al. Increased serum levels of soluble fractalkine
(CX3CL1) correlate with disease activity in rheumatoid
vasculitis. Arthritis Rheum 2006; 54: 3408-16.

Kallenberg CG. Pathophysiology of ANCA-associated small
vessel vasculitis. Curr Rheumatol Rep 2010; 12(6): 399-405.
Guillevin L. Treatment of ANCA associated systemic necrotizing
vasculitides. Bull Acad Natl Med 2007; 192(6): 1175-87.

White GE, Greaves DR. Fractalkine: A survivor's guide
chemokines as antiapoptotic mediators. Arterioscler Thromb Vasc
Biol 2012; 32(3): 589-94.

Janmey PA. The cytoskeleton and cell signaling: Component
localization and mechanical coupling. Physiol Rev 1998; 78(3):
763-81.

PRI T A0 BB AL B AR 4T 4. R4 2% 4R (Xu Guoheng.
Cytoskeleton-actin filaments. Bulletin of Biology) 2005; 40(2):
43.

Windoffer R, Beil M, Magin TM, Leube RE. Cytoskeleton
in motion: the dynamics of keratin intermediate filaments in
epithelia. J Cell Biol 2011; 194(5): 669-78.

Baldwin AL, Thurston G. Changes in endothelial actin
cytoskeleton in venules with time after histamine treatment. Am
J Physiol 1995; 269(5): H1528-37.

Rivero F, Koppel B, Peracino B, Bozzaro S, Siegert F, Weijer CJ,
et al. The role of the cortical cytoskeleton: F-actin crosslinking
proteins protect against osmotic stress, ensure cell size, cell shape
and motility, and contribute to phagocytosis and development. J
Cell Sci 1996; 109(11): 2679-91.

Zhu W, Meng L, Jiang C, He X, Hou W, Xu P, et al. Arthritis is
associated with T-cell-induced upregulation of Toll-like receptor

15

16

17

18

19

20

21

22

23

24

25

26

3 on synovial fibroblasts. Arthritis Res Ther 2011; 13(3): R103.
Zhang Q, Shimoya K, Temma K, Kimura T, Tsujie T, Shioji
M, et al. Expression of fractalkine in the Fallopian tube and of
CX3CRI in sperm. Hum Reprod 2004; 19(2): 409-14.

Foussat A, Coulomb-L'Hermine A, Gosling J, Krzysiek R,
Durand-Gasselin I, Schall T, et al. Fractalkine receptor expression
by T lymphocyte subpopulations and in vivo production of
fractalkine in human. Eur J Immunol 2000; 30(1): 87-97.

White GE, Greaves DR. Fractalkine: A survivor's guide
chemokines as antiapoptotic mediators. Arterioscler Thromb Vasc
Biol 2012; 32(3): 589-94.

Lu Y, Zhu X, Liang GX, Cui RR, Liu Y, Wu SS, et al. Apelin-
APJ induces ICAM-1, VCAM-1 and MCP-1 expression via NF-
kB/INK signal pathway in human umbilical vein endothelial
cells. Amino Acids 2012; 43(5): 2125-36.

Kyriakis JM, Avruch J. Mammalian MAPK signal transduction
pathways activated by stress and inflammation: A 10-year update.
Physiol Rev 2012; 92(2): 689-737.

Cambien B, Pomeranz M, Schmid-Antomarchi H, Millet MA,
Breittmayer V, Rossi B, et al. Signal transduction pathways
involved in soluble fractalkine-induced monocytic cell adhesion.
Blood 2001; 97(7): 2031-7.

Park J, Song KH, Ha H. Fractalkine increases mesangial cell
proliferation through reactive oxygen species and mitogen-
activated protein kinases. Transplant Proc 2012; 44(4): 1026-8.
Nevo I, Sagi-Assif O, Meshel T, Ben-Baruch A, Johrer K, Greil
R, et al. The involvement of the fractalkine receptor in the
transmigration of neuroblastoma cells through bone-marrow
endothelial cells. Cancer Lett 2009; 273(1): 127-39.

Klosowska K, Volin MV, Huynh N, Chong KK, Halloran MM,
Woods JM. Fractalkine functions as a chemoattractant for
osteoarthritis synovial fibroblasts and stimulates phosphorylation
of mitogen-activated protein kinases and Akt. Clin Exp Immunol
2009; 156(2): 312-9.

Maciejewski-Lenoir D, Chen S, Feng L, Maki R, KB.
Characterization of fractalkine in rat brain cells: Migratory and
activation signals for CX3CR-1-expressing microglia. J Immunol
1999; 163(3): 1628-35.

Wu W, Huang Q, He F, Xiao M, Pang S, Guo X, et al. Roles
of mitogen-activated protein kinases in the modulation of
endothelial cell function following thermal injury. Shock 2011;
35(6): 618-25.

Mohammad G, Siddiquei MM, Othman A, Al-Shabrawey M,
Abu El-Asrar AM. High-mobility group box-1 protein activates
inflammatory signaling pathway components and disrupts retinal
vascular-barrier in the diabetic retina. Exp Eye Res 2013; 107:
101-9.



