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H 40 min, $%J5 H ox-LDL 0 1L/ 20 min, TR /MRS L ASFERR , £135 CD62P &1k il P 1M/ A 7 4 (platelet factor
4,PF4) ML IR F-Bit4 5 (chemokine ligand 5, CCLS) IR UKT- o AL, F Western blot 25 [ G028 B 70 2 R i /)N PR 964 i
AR (sarcoma tyrosine kinase, Src) T HLTT i 1 19 % 2 s vk it spleen tyrosine kinase, Syk) Witz b 7K 5 FTE TR (reactive ox-
ygen species , ROS) A6 MR &5 00 5 il P9 2L ROS /K- £5 8 1 ox-LDLIFEF AU ML/ Mt CD62P 153k LA K PF4 1 CCLS AR TUK -
nl g SEN 2 346 (P < 0.05) ; SEN & 2 F 1 ox-LDL i 3 A9 IfiL /N Sre A1 Syk A9 8 AR 1k 7K SF LA 2 i P9 s ROS 7K - (P <
0.05). JEAk, ox-LDL Y ML/ MR CD62P 3235 | PF4 Rl CCLS A REHCAT % Sre ZHEM R 177 PP2 BTl (P < 0.05) ,fH PP2
5 SEN A N, JCHM I HI R (P > 0.05) 5 Sre SRR IR BRHG 77 MLR-1023 1] 3954 SFN X ox-LDL 5 T (9 ML/ IME % AL 10
HIVEF (P <0.05), #5i8: SEN Al i 4] ox-LDL 7T (8 1/ MR AL ALK AT R T 18 Sre/Syk/ROS AT 115538 6
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The inhibitory effect and mechanism of sulforaphane on ox-LDL-induced platelet activation
LI Weiqi', MA Yongjie', HUANG Xinhui',ZHOU Xinyu', WU Chunting', YA Fuli"*

'School of Public Health , Dali University,’Institute of Translational Medicine for Metabolic Diseases , Dali University,
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[Abstract] Objective:The current study aims to determine the effects of sulforaphane (SFN) on oxidized low-density lipoprotein (ox-
LDL)-induced platelet activation and its possible mechanism. Methods : Purified human platelets were treated with SFN(1.0,2.5,5.0
pmol/L)for 40 minutes in vitro, and then stimulated by ox-LDL for additional 20 minutes. The levels of platelet CD62P expression and
intracellular PF4 and CCL5 release were measured to determine the effects of SFN on platelet activation. Moreover, the
phosphorylation of sarcoma tyrosine kinase (Src) and its downstream spleen tyrosine kinase (Syk) were measured by Western blot.
Reactive oxygen species (ROS) assay kit was used to measure the levels of total intracellular ROS generation. Results: The ox-LDL-
increased platelet CD62P expression and PF4 and CCLS5 release were significantly inhibited by SFN when compared with the control
group (P < 0.05). SFN treatment greatly down-regulated Src and Syk phosphorylation and ROS generation stimulated by ox-LDL (P <
0.05). Furthermore, the ox-LDI-increased the expression of CD62P and release of PF4 and CCL5 were significantly abolished by PP2,
a specific inhibitor of Src family kinases, which, nevertheless, showed no synergistic effects when combined with SFN (P > 0.05). In
addition, the inhibitory effects of SFN on platelet activation induced by ox-LDL were reversed by an activator of Src family kinases
MLR-1023. Conclusions: SFN attenuates platelet activation induced by ox-LDL possibly by down-regulating Src/Syk/ROS pathway.
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SRR, oI55 (cardiovascular disease, CVD)
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e A I A8 A0 BRI v SRR R BE IR AR
(oxidized low-density lipoprotein , ox-LDL) S
MRS BT A I F A ZR Y, ox-LDLIE
o 5 ML/ R T T T8 RS2 4K CD36 43 ¥ 45 &, T fi
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B, A BN/ MOE T —RIE RER, S
555l ks R AL R AR TR A A

ox-LDL 755 & i MLAE rh i/ NSRS A6 18 3 AL
il Je 2 2 2R 1Y), o I 2 RR 2 R 2 1 g A 16 1k 2
FEMHLHZ —", ox-LDL ] 1L CD36 L7 i P
it 28 PR A8 1t , L v PR 97 T U8 T (sarcoma tyro-
sine kinase , Src ) &2 ox-LDL I8 4 1) i 355 %) 1% 2 iR
R , ox- LDL Al H: 2 A= IR Ak , 32 1 2 HE T U
B O % R % i (spleen tyrosine kinase , Syk ) Fl#E H
P4 C (protein kinase C, PKC) % M A w1l ,
A5 NS ROS 3G, e 24475 A It/ e A 6 A R
IR TR A S il s Bl IUE rh i MRS A 2
SN BRI I 2R —

R IWFFEUESE , SR T U RO M 1Y)
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FITC #7ic Pt A CD62P i {4 . PF4 F1 CCLS 46
iR F & (eBioscience A F) , £ E ) ; SFN  N- 4 BEE b
Z MR (NAC) (Sigma-Aldrich 23 7], 35 ) ; oxLDL(J™
N 255 A= W) BB AT BR A ) 5 — $T phospho - Sre
(Tyr*"®) (IR AR PR ] ) s phospho-
Syk (Tyr™) . GAPDH LA K& — i 3 Bt fit (Affinity
Bioscience 237, JE[H ) 5 Sre F ZE G I FEHID 1177 PP2 .
Sre 1) 5 5 BB 30 77 MLR-1023 (Selleck Chemical
o], FE) 5 i M4 (reactive oxygen species , ROS)
KR & (Abcam 23 ), S [H ) .

CytoFlex Jit 20 41} {1 (Beckman Coulter 23 7] , 32
B ) 5 AR U i B O WL (H1650R ) AR B0 HL(1400)
GBS LA AT A BRAA F]) s AR VK AR (BCD-
4.8.5WGHTDDIDY U1, F &3 R A FRA R .
12 7%
12,1 BRI H 3R

12 ST G S5 I fil Bk S (AR 25~40 %5 ) 7
KERFERANAR S A EEEY HIES 5%
H, e &8 PmargFEd . REEE L
T DRGSR LA T HERR 25 (S AR =
FMTH B R BPUR AL U R 2555 ) IR
WA DAL BRAE B RG220 FRAT MRS (CVD ey
SRS S B 5 AR IR AT Q10 4R R AR R
A5 E IR T R R R SR AN SR s AE 2 ]
IR B I /N AR 9 25 ) (o T b3 A2 A4 10 il 5]
B T2 — TR T4V 5 351 BT ] DS AR P2Y o A2 A4 B
85 ) 2, AR AR O /R 3 E S AHSCHEN
HEAT , I 38 i KB 2R TS 1 23 L
122 4 A S B 44K dn /) 5 b ) &t A2

HE I 15 mL B 5k 42 0l A 3.2% (194
R AN L A Pt v (1/9,V/V) , #1810 min J , 16
22 °C 150 g 41155 0> 20 min, /MU WU FJZ 3/4 1Y
M2, B~ & i/ i 2% (platelet-rich plasma, PRP) o
FH ¥ 5 T2 48] 25 W5 7 W (4% 75 mmol/L A7 5 TR 4
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39 mmol/L #7152 Al 135 mmol/L 45 B , pH 6.5) X}
PRP 47 3456 FE, [RIBSANA 0.1 U/mL B — B2 i
T RUHERR W , B 1k 1N 7R B0 ik B v e A i Ak
X I/ PRP HEA T 5.0 (22 °C 800 g . 10 min) , 37 |-
55 A R vk (137 mmol/L 2 AL 4N . 12 mmol/L
W IR 208N . 2 mmol/L A ALHH . 0.34 mmol/L B R & —
£ .1 mmol/L 5 L5 5.5 mmol/L A 24 .5 mmol/L. 2,
TR , pH 7.4) TR /M, nT 45 24l Ak i /)M /s
Wi >98%) , BT 37 ClEEM P& H>> . T
SEgSHREA YR B BRI i Atk /MR
1.2.3 R X zm i KA fo )4k # CDO2P #9 & ik

FHAN R BE 1Y SEN(1.0.2.5.5.0 umol/L) B IR F]
XTHE (0.05%DMS0 ) 5 4k 1 /M (5x10°4>/mL ) ¥
H 40 min J5 , H 50 pg/mL 19 ox- LDL %1l 4 1fi /)N A2
20 min, 2R J5 A FITC {15 ) CD62P HT 14 , ik i
H 20 min J5 H 1%00 2 B W EEF 2 , e A4l
ELASCAS I 1 /AR CD62P 3235 . SFEN il ox-LDL
o R TS ] () B PR B £ e e Sk e
124 /R PF4 A= CCLS Bk A 6 ) 52

35 FAS [R)9 F (9 SFN(1.0,2.5.,5.0 wmol/L) B
PRFIXT B LA M ox-LDL(50 wg/mL) &b FRAE AL 1l /N
(I1X10°4~/mL) J& , 7E 4 °C .12 000 g A9 274 F &0
5 min, FUUTE , G G0 75 W BE 2 o b 3 W
PF4 Fl CCLS 7K, HAR Ty 12 Je o 3 p B A ) 156
Fo BRI Sre/Syk/ROS 15 518 7 SEN P45 PF4 A1l
CCLS BT b i V8 F B, Sre 52115 184 it 1 441 771 PP2
(20 pmol/L) B a7 MLR-1023(1 wmol/L) 5 1fil/ [N
THE T 20 min, SR J5 1A SFN (5 wmol/L ) A1 Ifi. /M A
422 0EE 40 min, ox-LDL G 1L /N 20 min Ji5 3F
17 PF4 1 CCLS BERUKF B AE
125 o R E ROS 24 R K- 89l 2

A3 501 A ] e 5 149 SFN (1.0, 2.5 .5.0 pmol/L)
oY 75 16 B DL A2 ox-LDL (50 we/mlL) AbEEZE Ak i1 /)y
M (1x10° AN /mL) J5 , #6452 00 /N AR 2 8 Jm A
20 wmol/L ¢ Y64 DCFH-DA , % % 7 20 min,
B0 (12 000 g .4 °C .5 min) 5 FHEEFRSAE & 5K
525 nm AR %K 490 nm (9 2514 T BB GE, H
SR BRI R PALEL ROS 7K
1.2.6  Western blot % & %.J% ¥ 3 5 #7

fat e A g4k il /MR (2.5X 1034 /mL ) Z A ) e i
) SFN(1.0.2.5.5.0 wmol/L) Fl ox-LDL(50 wg/mL )4k
P, 7E4 °C .12 000 g FUZ5F T 2520 10 min, 3% L7
7530 M/ N DTIE , X i /AR AT 24 I, R R HL
/N B 1, 288 PO B 5, X REAR AT+

Jot FE AL IR 1 - 3R D9 s P e B JE (SDS-PAGE ) FRLIK ,
AR M (PVDF) 5, FH 5% s 05
s 1.5 h, TBSTVRARE 3 U5 T4 “CREEI R —
$T phospho-Sre (1: 1 000) | phospho-Syk (1:1 000) Fll
GAPDH (1:10 000) 3 % , Vi f5 & ik 6 B — 9t
FEH(1:20 000) 1.5 h, Fe i H A sh ks kG EIE
GIAT RGN S EA TR, ARSI 1M /N Sre | Syk
IBERR ALK - 45 KBE H Quantity One 43 #4114
AT RS2 SR E A 3R, FRR LR R AR T
K F AT )RR .
1.3 “%itFriE

K HISPSS 20.0 e it -4 786 oAy , Z2 4 1)
HEHR L R 7 2208, 22 5 1 25 )5 R Tukey
T EAT LR G  EAE, WU P < 0.05 2 5 A e it
R o EEERE I E PR R (3 £ 50) TR,
SoitEdE 2=/ 0k B 3L R IR A HEAS

2 &% R

2.1  SFN 2} ox-LDL % - #9 o )4 & AL 69 5 v

30 A AN i /N % T CD62P [ 3k Fl PF4 5
CCLS5 11 B K K B4 SEN X 1 /N 1 £k 19 52
M, RN ZE SRR, 5% R AR L, A v B
[ SEN (5.0 wmol/L) AT & 2 F#AIK ox- LDL 753 (1 IfiL /)N
M 1H CD62P KA K-, ZF HA S = E X
(P <0.01, & 1A) ; i BEAK I FE A9 SEN (1.0 pumol/L Al
2.5 wmol/L) A M CD62P ik i #a®iy , (H & 5 %t
HRAAALL , 22 5o 5 (P > 0.05) ; HAbh, &k
J& SFN [6] i) Fe #5485 2 B, 5.0 umol/L % A 100 il
YEHEELE 1.0 pmol/L YT 12 25 (P < 0.05, BT 1A)
(] B, IR 2 MR o S B 25 R B, S5 0 HRALAH L
2.5 pmol/L F15.0 pmol/L ¥ Ji 1) SEN Y3 A I & 41 ]
ox-LDL %S A 1ML/ M PF4 F1 CCL5 OB (P < 0.05,
B 1B.C) ; A% F 1.0 wmol/L ¥ & , 2.5 pwmol/L Fil
5.0 pmol/L ¥ B 1Y SEN /E T I i 2 (P < 0.05) . LA
4R SEN AT ox-LDL 7551 1/ MR TG Ak
2.2 SFN %t ox-LDL % F#% f2. /) #4 Src/Syk/ROS 15 5
il EA G v

B A WFFEIESE , Sre/Syk/ROS 15 518 BRAE ox-LDL
I/ IS R R R E AR SXTIRA
AHEE,2.5 pwmol/L F15.0 wmol/L i SFN X4 1] i 2 F i
ox-LDL 755 19 Ifil. /N Sre (Tyr*'®) F1 Syk (Tyr™) & A=
BERR AL ROS 1, 22 R A G222 L (P < 0.05,
B 2A~C) , SR 17 IR FE 11 SFN (1.0 pomol/L) 15
TR FHI(P>0.05), 2.5 pmol/LF15.0 wmol/L ¢
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Figure 1 Effects of SFN of different levels on platelet CD62P expression (A ) and PF4(B)and CCLS5 release induced (C) by

0x-LDL (50 pg/mL)
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TH0L . SXFHRALEE, P <0.05,"P<0.01,"
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Figure 2 Effects of SFN of different levels on ox-LDL (50 pg/mL )induced platelet Src/Syk/ROS signalling pathway
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F I I O 77 MLR - 1023 (1.0 mol/L) AJ 336 %
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0.01,”"P < 0.001;5 5.0 wmol/L SFN £H 4% ,*

P <0.01,"P <0.001(n=3),

B3 SFNZ£ Src/Syk/ROS 15 S8 H A2 50 pg/mL ox-LDL % S 6 M/MRE 4 #5200
Figure 3 SFN regulates platelet activation induced by ox-LDL (50 pg/mL)via Src/Syk/ROS signalling pathway
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M CD62P 1143535 L) K PF4 FIl CCLS IR , X 32718
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TE =5 IR MLEE T, ox-LDL I S 1M/ MG AL RO HIL T
o35 4%, BT ARG R HIA R AR —
FON N, Sre G5 B8 UG AR v 4 i A A
ox-LDL %54 Ifi/Mi 3 1 CD36 41 ) , 3k — A 30
Sre ZR T H I8 (4N Sre A1 Fyn 55 ) , 45 F U4 Syk
TR AR, B G 51 PLCy2 R PKC 1916 1L 5
PKC AW R 1L 1T 530 NADPH A AL -2 & A 055
PEFE LN ROS A= B, TGRS ERKS, S 2T 23U/
M d AR AR T 2, ARIFSE & 30, SEN 7] d 3
18 ox-LDL 75 5 14 il /N Sre F Syk B iR T /K
[7i] Fof S 25 e AT HL S 5 04 L PN B8 ROS A 1K F 5 Sre
SR I A ) 9] PP2 1 S S5 ROS A I
/R TE AL, SEN 55 PP2 B Al FHEE, X it P4 L ROS
Az AL/ R PR4 FT CCLS BERIK - i i V6 FH G
D0 R BAH AN 5 LA, Sre SRR 500 1 4 3h 751
MLR-1023 ] 5¢ 4235 %% SFN % ox-LDL 755 B9 IfiL/ MR
PF4 F1l CCLS BER AR, Ui RH SEN #17] ox-LDL
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